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Explaining the huge variability present in bird colony sizes within and between species is intimately related to the
understanding of the proximate and ultimate reasons for bird coloniality. However, natural patterns of colony size
frequency distributions (CSFDs) remain poorly known. It is widely believed that colonial birds have similar long-tailed
(highly right-skewed) CSFDs and that species mainly differ in their maximum colony sizes (in the length of the ‘tail’ of
their CSFDs). We used data from the Seabird 2000 project (20 species; 19 978 colonies; 3 779 919 nests), the largest and
most detailed dataset currently available, to analyse the CSFDs of seabird breeding in Britain and Ireland.
Log-transformations of colony sizes revealed that the often reported long-tailed CSFDs in common histograms were
hiding contrasting patterns, mainly log-normal but also power law CSFDs. The different statistical characteristics of
CSFDs did not co-occur at random within species and were in fact highly correlated (e.g. a large geometric mean
correlated with a large coefficient of variation). A PCA with these characteristics revealed a smoothed transition between
species’ CSFD. Therefore, (a) a logarithmic analysis will allow different aspects of what is currently only referred to as
‘colony size variation’ to be quantified; (b) we challenge the current idea that all species show similar long-tailed CSFDs;
(c) we offer a new (unified) view of colony size variation and discuss how these new patterns confirm, challenge and may
advance theoretical and applied research into bird coloniality.

The study of the scaling properties of group size frequency
distributions in animals is considered a key step towards a
better understanding of grouping patterns and the under-
lying processes that govern them (Bonabeau et al. 1999,
Sjöberg et al. 2000). A spectacular animal grouping
phenomena that has received much attention from the
public and researchers alike is the habit of around 13% of
bird species � almost all seabirds � to breed in colonies
(Wittenberger and Hunt 1985, Rolland et al. 1998).

In bird coloniality research, colony size is a recurrent
theme (Kharitonov and Siegel-Causey 1988, Brown et al.
1990, Siegel-Causey and Kharitonov 1990) and it has been
argued that any theory of bird coloniality should explain the
huge variation in colony size that exists both within and
between species (Brown et al. 1990, Brown and Brown
2001). This is because both ultimate (adaptive, e.g. lowering
predation risk) and proximate (mechanisms; e.g. conspecific
attraction) explanations of bird coloniality are intimately
linked to the size of colonies. Although the study of patterns
of colony size variation seems to be a justifiable research
priority, natural patterns of colony sizes remain poorly
studied, even though the rarely quantified concept of ‘colony
size variation’ is widespread in the literature.

When reviewing existing data on bird colony size
variation Brown et al. (1990) found that for all species
studied, colony sizes range from just a few to many nests,
and that species greatly differ in their maximum colony size.
Moreover, colony size frequency distributions (hereafter
CSFDs) are often reported to be long-tailed (highly right
skewed) in common histograms (Götmark 1982, Garrison
et al. 1987, Brown et al. 1990, Tella et al. 2001, Crawford
2003). Thus, the general consensus on colony size variation
is that different species are alike in the shape of their CSFD,
but that some species achieve larger colony sizes than others,
and have histograms with longer ‘tails’.

However, here we show that the current methods used to
investigate colony size variation are particularly insensitive
to long-tailed distributions and can lead to mistaken ideas
that do not allow for a quantitative approach to this central
topic in bird coloniality research.

We analysed the CSFDs of seabirds breeding in Britain
and Ireland with appropriate statistical tools for long-tailed
frequency distributions (Pueyo 2003, 2006). Additionally,
we studied the ways in which the CSFDs of different species
resemble and differ from each other. Overall, this study
offers the most precise and extensive discussion yet of

Oikos 117: 1774�1781, 2008

doi: 10.1111/j.1600-0706.2008.17065.x,

# 2008 The Authors. Journal compilation # 2008 Oikos

Subject Editor: Tim Benton. Accepted 27 June 2008

1774



CSFDs for a long list of species and gives a new unified view
to (sea)bird colony size variation.

Methods

Data

The data used in this study were obtained from the Seabird
2000 project (see Mitchell et al. 2004 for a detailed report
on methods and results). In brief, specific survey meth-
odologies for each seabird species were designed on the basis
of the long-term experience of previous surveys in the UK
(Cramp et al. 1974). The project was conducted from 1998
to 2002 by over 1000 surveyors who counted colonies of
the 25 seabird species that breed inland and along the
coastlines of Britain and Ireland. This is the most exhaustive
and reliable dataset on bird colony sizes available for such a
large area.

Bird colonies are not clear-cut entities (Coulson and
Dixon 1979, Nelson 1980, Brown and Brown 2001,
Coulson 2002, Gaston 2004, Mitchell et al. 2004, Jovani
and Tella 2007). This is evident for northern fulmars where
nests continuously spread along cliff stretches, making it
difficult to say where one colony finishes and the next one
starts. In addition, in colonies located on isolated islands, as
for northern gannets Morus bassanus, there are cases where it
is unclear whether or not two close ‘colonies’ are in fact two
parts of a single ‘colony’ (Nelson 1980). In an extreme case,
Jovani and Tella (2007) reported a fractal-like spatial nest
distribution in a population of white storks Ciconia ciconia,
where nests occurred in clusters (‘colonies’) within clusters
at different scales, without a preferred ‘colony’ scale.
However, Jovani and Tella (2007) found that irrespective
of the scale used to define ‘colonies’, the shape of the
resulting CSFD was alike, giving some hope that CSFDs
are robust enough to allow comparisons between species.
Thus, here, rather than relying on the always subjective
definitions of what constitutes a colony for each species and
in each particular case, we preferred to use as our colony
scale the ‘sub-site’; unit (i.e. stretches of coastline of around
1 km in length) as used in the Seabird 2000 project. ‘Sub-
sites’ are defined by Mitchell et al. 2004 as equating in most
cases to what is thought to be a colony (p. 40 in Mitchell
et al. 2004).

To explore to what extent the results shown here were
much dependant on the spatial scale used to study colonies,
we repeated the analyses considering the ‘site’ scale (Mitchell
et al. 2004) as our colony scale. In contrast to ‘sub-sites’ that
are areas of similar size, ‘sites’ differ widely from one another.
‘Sites’ are composed of a variable number of ‘sub-sites’
(median�2, 5th percentile�1, 95th percentile�10; Sup-
plementary material Appendix 1). Within ‘sites’, nearest
distances between ‘sub-sites’ are a median of 1 km (5th
percentile�224 m, 95th percentile�6.5 km; Supplemen-
tary materal Appendix 1). As expected, less and larger
colonies emerged by using ‘sites’ as colonies, but species
were very robust to scaling on the shape of their CSFDs.
Therefore, only results using ‘sub-sites’ as colony scale are
reported here. See Supplementary material Appendix 1 for a
comparison of results using ‘sites’ vs ‘sub-sites’.

We also tried to overcome problems of statistical noise
caused by small sample sizes by studying only species with
at least 50 reported colonies. In this way we were able to
analyse data for 20 of the 25 species surveyed during the
Seabird 2000 project, that is, a total of 19 978 colonies and
3 779 919 nests. See Table 1 for the scientific names of the
species studied and for the number of colonies and nests
analysed.

Analyses

For each species we plotted their CSFD in three different
ways, as exemplified in Fig. 1, to achieve a complete picture
of the patterns involved and to be able to compare current
practices in animal grouping research (common histograms;
e.g. Fig. 1A) with more appropriate techniques for long-
tailed frequency distributions such as log-linear (Bak and
Meesters 1998; Fig. 1B) and log�log plots (Pueyo 2003,
2006, Jovani and Tella 2007; e.g. Fig. 1C). In common
histograms, colony sizes (x-axis) were plotted in linear bins
(intervals of e.g. [1,500], [501,1000], [1001,1500], . . .
[8001,8500] . . . etc.) against the frequency of colonies (y-
axis) of each size in a linear scale. For log-linear (Fig. 1B)
and log-log plots (Fig. 1C) we used multiplicative bins of
the form [Xn,Xn�1�1] along the x-axis with n�0, 1, 2,
3 . . ., e.g. for X�2 bins were [1,1], [2,3], [4,7], . . .
[8192,16384], . . . etc., and we plotted the logarithmic
midpoint of the bin 10(log(minimum colony size of the bin)�log

(maximum colony size of the bin))/2. In the log-linear plots (Fig.
1B) we plotted the frequency of colonies as in common
histograms on the y-axis. However, in log�log plots (Fig.
1C), zero values (a bin without representation in the
population) cannot be plotted or used for function fitting
as this may lead to spurious results (Pueyo and Jovani
2006). Hence, we used the lower X that produced no empty
bin within the range of colony sizes of each species (X�2
was used for 17 species, and X�3 for three; this was also
done in log-linear plots for consistency). In log�log plots
the y-axis displayed the density function p(x)�c/(C s),
where c is the number of colonies within a bin, C is the
total number of colonies analysed for the species and s is the
length of the bin (i.e. the number of possible colony sizes
within the bin: e.g. s�2n for bins in powers of two). Note
that logarithmic binning expands the information con-
densed in the first few bins of common histograms and at
the same time condenses the scattered information in its
large bins (Fig. 1).

From log-transformed colony size data we characterised
CSFDs by retrieving their minimum, maximum, mean (i.e.
geometric mean), coefficient of variation (as standard
deviation/mean), kurtosis (a measure of peakedness), skew-
ness (a measure of asymmetry: e.g. lesser black-backed gulls
displayed more kurtosis and skewness than common
guillemots, Fig. 2B) and a calculation of the fit of the
CSFDs to a normal distribution with the Kolmogorov�
Smirnov statistic (larger values denote a larger deviation
from a normal distribution; the data was log-transformed
and was thus a test of the fit of the distribution to a log-
normal). Moreover, in log-log plots, we used mean squares
to test the fit (R2) of CSFDs, either to a log-normal or to a
power law distribution. All species fitted one of these two
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Table 1. Characteristics of the colony size frequency distributions (CSFDs) for the different species analysed, and the corresponding eigenvalues for the two first principal components of the principal
component analysis (PCA). Minimum colony size was not introduced in the PCA because it was not a variable characteristic between species. c.s. means colony size.

Bird species No. of colonies No. of nests Min c.s. Max c.s. Geometric mean Kurtosis Skewness Coefficient of variation Kolmogorov�Smirnov

Northern fulmar Fulmarus glacialis 2976 537 988 1 20 424 32.143 �0.404 0.187 0.530 0.035
Manx shearwater Puffinus puffinus 53 332 272 1 120 000 135.202 �0.754 0.406 0.624 0.127
European storm-petrel Hydrobates pelagicus 98 82 818 1 27 297 62.663 �0.356 0.330 0.559 0.063
Great cormorant Phalacrocorax carbo 267 13 628 1 675 19.736 �0.448 �0.325 0.511 0.083
European shag Phalacrocorax aristotelis 1392 32 222 1 1720 8.251 �0.285 0.297 0.648 0.070
Arctic skua Stercorarius parasiticus 650 2136 1 107 1.736 3.169 1.795 1.577 0.352
Great skua Stercorarius skua 726 9635 1 2293 2.656 2.861 1.518 1.256 0.243
Black-headed gull Larus ridibundus 677 141 871 1 14 575 19.270 �0.170 0.515 0.691 0.074
Common gull Larus canus 1554 49 728 1 11 219 6.530 0.520 0.623 0.747 0.090
Lesser black-backed gull Larus fuscus 995 116 640 1 19 487 8.470 0.576 0.834 0.868 0.125
Herring gull Larus argentatus 2845 148 869 1 10 129 10.223 �0.362 0.397 0.723 0.084
Great black-backed gull Larus marinus 2073 19 616 1 983 2.989 0.767 1.143 1.142 0.213
Black-legged kittiwake Rissa tridactyla 679 415 994 1 17 546 145.111 �0.178 �0.184 0.368 0.030
Common tern Sterna hirundo 424 13 859 1 1033 7.224 �0.388 0.554 0.825 0.119
Arctic tern Sterna paradisaea 928 48 469 1 4000 13.914 �0.227 0.213 0.590 0.062
Little tern Sterna albifrons 119 2093 1 220 7.119 �0.716 0.253 0.688 0.104
Common guillemot Uria aalge 681 1 044 856 1 75 493 194.209 �0.426 �0.123 0.430 0.027
Razorbill Alca torda 870 144 743 1 11 384 28.196 �0.396 0.181 0.560 0.042
Black guillemot Cepphus grylle 1481 21 731 1 323 7.014 �0.781 0.048 0.641 0.088
Atlantic puffin Fratercula arctica 490 600 751 1 59 471 40.317 0.380 0.664 0.633 0.063

Principal component analysis
Eigenvalues for each characteristic of CSFD

PC1 �0.622 �0.852 0.880 0.918 0.988 0.956
PC2 0.758 0.401 0.350 0.344 0.104 0.090
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distributions better than an exponential distribution, which
in Fig. 2C displayed in all cases a much faster decay from
small to large colony sizes. We performed a principal
component analysis (PCA) to summarise all this informa-
tion by collapsing all variables into just a few. For this
analysis we used the maximum, mean, coefficient of
variation, kurtosis, skewness and the Kolmogorov�Smirnov
statistic. We did not use the minimum because it showed
no variation between species (Table 1).

Results

As expected, all seabird species displayed a long-tailed
(highly right skewed) CSFD when plotted in common
histograms (Fig. 2A). However, when we binned colony
sizes in multiplicative bins, plotting them in log-linear and
log-log plots, contrasting patterns were revealed (Fig. 2B�
C). Interestingly, due to the properties of logarithmic
binning (Methods; Fig. 1) we found different, hidden
CSFDs shapes within the small and large colony size bins
(Fig. 2B�C). Within large bins, logarithmic binning
revealed that the apparently unstructured ‘long-tails’ of
CSFDs in common histograms were hiding an interesting
structure in which maximum colony sizes are an integral
part of the CSFD (Fig. 2B�C) and not just scattered points
(Fig. 2A).

Different species displayed contrasting values in all the
characteristics analysed (except in the minimum colony size,
which was invariably one; Table 1). Fourteen out of
20 species showed a good fit to a log-normal distribution,
five were fitted more closely to a power law, and a single
species had a similar fit for both distributions (Fig. 2C).

The values of the different characteristics of the CSFDs
were highly correlated (Fig. 3). The PCA supported the
redundancy between the six characteristics measured; the
first two components accounted for 93.54% of the original
variance. 76.96% and 16.58% of variance were summarised
in the first and second components, respectively, while the
third component only increased the explained variance by
3.67% (see Table 1 for the eigenvalues of each component).
Plotting species location in the plane created by these two
new variables (the two first PCA components, Fig. 4)
highlighted a gradual transition between the CSFDs of the

different species. For instance, in Fig. 4 if we go from the
top-left (common guillemot URIAAL) to middle-bottom
(little tern STEALB) species with similar log-linear CSFD
plots lie close together and vice versa.

Discussion

Patterns of colony size variation

Current approaches to colony size variation in birds
(i.e. common histograms; Götmark 1982, Brown et al.
1990, Brown and Brown 1996, Tella et al. 2001) have led
to the idea that all species show long-tailed CSFDs which
essentially differ in the length of this ‘tail’ (e.g. Fig. 2A).
Here, we offer a rather different interpretation reached
through the use of log-linear and log-log plots (Fig. 2B�C).
We have shown that species not only differ in their extreme
colony sizes (i.e. in the largest colony size bins), but also in
the shape of the relative frequency between small-sized
colonies (Fig. 2B�C). This result was impossible to extract
from common histograms (compare Fig. 2A with 2B). Our
analysis with logarithmized colony sizes has revealed that
similar long-tailed CSFDs in common histograms do in fact
hide contrasting patterns such as power laws and log-
normal CSFDs (Fig. 2B�C).

Species differed greatly in the characteristics measured
from their CSFDs (Table 1), which are a more accurate and
quantitative way of describing the currently vague concept
of ‘colony size variation’. The values for each characteristic
in each species did not co-occur by chance; instead, there
was a high correlation within species of the values of these
characteristics (Fig. 3). This finding is important. For
instance, a possible and potentially reasonable alternative
(to be expected a priori) was that different species showed
the same log-normal shape but with their geometric mean
in different positions on the x-axis in Fig. 2B. That is, some
species may have colonies with from one to 100 nests,
others from 100 to 1000 nests and others even from 10 000
to 100 000 nests, but all, nevertheless, may have the same
log-normal shape. In these cases the geometric mean and
the coefficient of variation would not have shown any
correlation between the species. Rather, the non-random
co-occurrence of different CSFD characteristics leads to
gradual transitions between CSFDs of the different species
in the PCA plot (Fig. 4). This ranking highlighted here by
the PCA provides a new integrated view of patterns of
colony size variation and highlights two important features
of CSFDs. Firstly, an interesting feature is whether species
fit better to a log-normal or a power law distribution � note
that the Kolmogorov�Smirnov statistic correlated strongly
with all the other characteristics (Fig. 3). Power laws have
been suggested by Schneider (2002) as a potential CSFD in
birds, while Jovani and Tella (2007) have recently reported
for the first time the occurrence of this kind of CSFD in a
population of white storks, a terrestrial waterbird. Here, we
confirm that power law CSFDs may be widespread in birds,
as predicted by Schneider (2002). However, we also show
that, according to our dataset, the occurrence of log-normal
CSFDs could be even more frequent in (sea)birds.

Secondly, species following a log-normal distribution
were ranked according to how large their colonies were (all

Figure 1. Comparison between the three kinds of plots discussed
here using as an example the data for black-legged kittiwakes from
Fig. 2. Note that in (B) and (C) logarithmic binning unfolds in
ten bins the information hidden in the first bin of the common
histogram (A) (hatched areas) and collapses into just five bins the
few scattered information contained in the long-tail of (A)
(unhatched areas).
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Figure 2 (Continued)
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species had very small colony sizes), that is, according to the
value of their geometric mean and maximum colony size.
The lowest coefficients of variation for those species with a
larger geometric mean (Fig. 3) occurred because these
species were the ones that best fitted a log-normal
distribution (Fig. 2); this type of distribution is far less
variable than power laws. In other words, the CSFDs of
those species with larger colony sizes were ‘enlarged’
representations of those with smaller colony sizes. This
occurred through a shifting of their geometric mean
towards larger maximum colony sizes, while also having
small colony sizes (Table 1).

The use of logarithmic transformations of colony sizes
(Fig. 1) also gives us a fresh view on maximum colony sizes.
This feature has been used in previous research into bird
coloniality (Erwin 1978, Coulson 2002) since it provides a
good estimation of the upper limit that colonies can
achieve. Moreover, it captures the fact that some species
exist in close-packed, huge colonies, while others have never
been recorded in colonies of more than a few hundred
breeding pairs. However, an obvious drawback of this
statistic is that anything affecting the size of the largest
colony will also seriously affect the shape of the ‘long-tail’ of

the CSFD. For instance, if the largest colony of a given
species is lost through some catastrophic predation event,
the next largest colony may be thousands of nests smaller.

Even so, maximum colony size does seem to be an
informative characteristic for a species. For instance, it has
been found that species that travel longer distances to find
food for their nestlings (i.e. pelagic species) exist in larger
colony sizes than inshore foragers (Erwin 1978, Coulson
2002). This, together with other studies (Ashmole 1963,
Furness and Birkhead 1984, Lewis et al. 2001, Forero et al.
2002), offers strong evidence that food availability around
colonies imposes an upper limit on colony growth through
negative density-dependent processes.

Examining colony size after logarithmic transformation
as we have done here strengthens the relevance of previous
studies on maximum colony sizes. This is because we have
found that maximum colony sizes should not be seen as
unpredictable ‘outliers’, but rather as an integral part of
CSFDs (Fig. 2B�C). Therefore, very large colonies are
likely to be the outcome of the same processes (although
with different strengths) that govern the dynamics of other
colony sizes in a given species. This shows that we may not
need to invoke special processes to explain the occurrence of

Figure 3. Pearson correlations between pairs of statistical characteristics of colony size frequency distributions (i.e. each point is a seabird
species). Inset numbers indicate the Pearson correlation coefficient and the associated two-tailed significance value in parenthesis. C.V.
means coefficient of variation.

Figure 2. Colony size frequency distributions of breeding seabirds in Britain and Ireland ranked according to the value of their
Kolmogorov�Smirnov statistic (i.e. by their fit to the log-normal distribution; Table 1). Species are ranked from top to bottom, from
closer to a log-normal to closer to a power law. (A) common histograms with variable bin lengths according to colony size range of each
species. Thus, ‘max’ in the x-axis indicates the maximum colony size for each species (Table 1). (B) log binned histograms, with
logarithmic x-axis and linear y-axis. (C) log�log distribution of colony sizes: upper-right and lower-left numbers indicate the fit (R2) of
each distribution to a power law (the straight line) or to a log-normal (the curved one), respectively. See text for further details.
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very large colony sizes and further study of this factor as an
ecologically informative (and easy to calculate) characteristic
of species is necessary.

Conclusions

Monitoring schemes may benefit from our logarithmic
analysis of colony sizes. In the common histograms
currently used all species show a long-tailed CSFD (e.g.
Fig. 2A), with colonies clumping in the smallest colony
bins. Whilst not hiding any of the information contained in
the large tail of the histogram, the use of log(colony sizes)
reveals the hidden (internal) structure within small colony
sizes, which differs widely between species (Fig. 2B) in
contrast to the apparent similarity observed in common
histograms (Fig. 2A). This tells us that monitoring methods
such as sampling all colonies above a certain size (or giving
more priority to large colonies) may have different
consequences for the population estimates of different
species.

By analysing CSFDs logarithmically (Fig. 1), we have
disclosed new patterns of colony size variation. Moreover,
we have been able to quantitatively characterize species
according to their different CSFD features and have found
that in terms of many of these characteristics species differ
greatly. Current hypotheses on the ultimate mechanisms
that lead some species to breed in colonies (Siegel-Causey
and Kharitonov 1990, Brown and Brown 2001, Coulson
2002) and on the proximate cues used by individuals of
colonial species to choose different colony sizes (Brown
et al. 1990) have never been tested as a means of explaining
CSFDs (e.g. through pattern-oriented modelling; Grimm
and Railsback 2005). There is still a big gap in our
knowledge regarding bird coloniality, since even after
decades of research colony size variation remains a major
unexplained pattern, despite being the main focus of
existing hypotheses. We have shown that different species

show very contrasting CSFDs and so tests of old (Lack
1967, Cairns 1989, Brown and Brown 2001, Coulson
2002) and new hypotheses (Danchin and Wagner 1997,
Rolland et al. 1998, Wagner et al. 2000, Safran 2004,
Serrano et al. 2004) of bird coloniality with the new
patterns discovered here would seem now to be a priority on
the agenda of bird coloniality research. Moreover, the
patterns shown here have exhibited a high robustness to
spatial scaling (Methods and Supplementary material
Appendix 1). That means that data on colony sizes collected
with different criteria to define colonies (e.g. collected by
different teams in different parts of the world) would be
comparable at the species level.

We have not been able to resolve here the reasons behind
the huge variation in colony sizes found in the wild.
However, we have shown that species with larger geometric
means and maximum colony sizes (roughly speaking species
with larger colonies) are those with a lower coefficient of
variation in colony sizes (i.e. in colony size variation, Fig.
3). This is intimately linked to the fact that these are the
species best fitted to log-normal distributions (Fig. 2, 3).
Therefore, to understand the patterns of colony size
variation it will first be necessary to explain why some
species are better fitted to a power law and others to a log-
normal CSFD. Why, for instance, are those species that are
better fitted to a power law usually semi-colonial (e.g.
skuas) and why are typically colonial species (e.g. common
guillemot) better fitted to log-normals?

This will force us to reach a more formal (quantitative)
description of the (gradual?) transition from territorial to
semi-colonial and colonial species and return to the initial
integrative approaches performed some decades ago on bird
spacing patterns (Brown 1964, Lack 1967) that have now
been abandoned in favour of more specialized hypotheses.
The fact, for instance, that conspecific attraction and
territoriality are increasingly accepted to be common
behavioural traits in both colonial and territorial species
(Stamps 1988, 1991, Serrano and Tella 2003, Ahlering and
Faaborg 2006) is a good reason for revisiting and formaliz-
ing these old integrative approaches using current methods
and large datasets such as the one used here.
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