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ABSTRACT

In this study, we investigate patterns in the prevalence of dynamic range–abundance
relationships of the Danish avifauna, using breeding bird atlases from 1971 to 1974
and from 1993 to 1996. We focus on differences between common and rare species
by dividing the assemblage into range-size quartiles. The trend in total population
size was determined using an index. Range was determined as grid cell occupancy and
standardized to facilitate comparisons between common and rare species. While
narrow-ranging species showed strong and consistent range–abundance relationships, the relationships for widespread species were weak and exhibited considerable
variation. This may be due to differences in patterns of resource use, since widespread
species generally have wider niches, and so may be less affected by resource-based
factors linking range and abundance. Since a tight and dynamic relationship is upheld
for rare species, monitoring strategies based on range size surveys seem viable.
Keywords
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The range and abundance of organisms are usually described as
two different variables, but are actually tightly related and can be
seen as two aspects of the same pattern (Gregory, 1998). On a
community level, the species with higher local abundances and
higher global population sizes are also generally the ones with the
largest ranges and the most dense within-range occupancy
(Brown, 1984; Lawton, 1993). Indeed, the relationship between
total abundance and spatial extent is in many cases so tight that one
can be estimated fairly precisely from the other (Newton, 1997).
The existence of community-wide relationships between
range and abundance has led to the inference of intraspecific
relationships, in which changes in the range and abundance of
any one species are predicted to dynamically track each other
over time (Gaston & Curnutt, 1998). While intraspecific relationships between range and abundance have received some
empirical support, correlations are often reported to be weak,
and positive, negative, and non-significant relationships have
been found (Pollard et al., 1995; Blackburn et al., 1998; Gaston
et al., 1999a).
Although the prevalence of intraspecific range–abundance
relationships in nature is not well understood, they are potentially
of great value for management-orientated species monitoring, in that
they allow range size changes to be used for an indirect monitoring of trends in the abundance of species surveyed for conservation purposes (Bart & Klosiewski, 1989; Gaston, 1999; Warren
et al., 2003). In fact, a dynamic and tightly linked relationship

between species range and abundance is already implicitly
assumed by many monitoring programmes currently in use.
As an example, the Danish government is currently running an
ambitious large-scale monitoring programme of several hundred
species, divided into ‘intensive’ and ‘extensive’ survey categories.
While intensively surveyed species are followed using abundance
censuses, extensively surveyed species are monitored on a site
occupancy level only (DMU, 2000). This kind of approach is also
of broad relevance for the surveillance strategies to be implemented on a large scale in light of the European Union’s 2010
goal of halting biodiversity loss.
In this study we investigate the prevalence of positive
intraspecific relationships across the assemblage of Danish
breeding birds. Emphasizing their potential role in nature
management, we concentrate on differences between the range–
abundance relationships of widespread and range-restricted
species.
This distinction is important, since most conservationorientated monitoring schemes are generally focused on rare,
narrow-ranging species. Ecological studies, on the other hand,
tend for practical reasons to focus on common species, despite
the observation that most species have small ranges (Gaston,
1996a; Kean & Barlow, 2004). Recently, it has been suggested that
there may be important differences in the biological processes
governing the distributions of rare and common species ( Jetz &
Rahbek, 2002; Lennon et al., 2004). While most of the variation
in species richness for common species is correlated with
contemporary climatic factors (Jetz & Rahbek, 2002; Lennon
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et al., 2004; Ruggiero & Kitzberger, 2004) or mid-domain effects
(Colwell et al., 2004), distribution of rare species is not and may
be more influenced by historical factors (Jetz & Rahbek, 2002;
Jetz et al., 2004). No sharp dichotomy between widespread and
range-restricted species is inferred from these studies; rather, it
should be seen as a continuum, where the two extremes differ in
a qualitative manner.
To exemplify the practical implications of the findings of this
study, we discuss them in light of the ‘extensive’ monitoring
scheme employed by the Danish government’s biodiversity monitoring programme, NOVANA (det Nationale Overvågningsprogram for VAndmiljøet og NAturen).
MATERIALS AND METHODS
Range size data were taken from two atlases of all bird species
breeding in Denmark (n = 200) covering the years 1971–74
(Dybbro, 1976) and 1993–96 (Grell, 1998). The atlases use a
grain size of 5 × 5 km covering a total of 2121 (1971–74) and
2155 (1993–96) grid cells; the difference is caused by a slightly
better coverage in the latter atlas and the retention of seven
coastal cells with very little land area as separate cells. Each cell
was monitored for a minimum period of 1 year by volunteers
engaged in the project, which entailed more than 1000 observers
in each of the 4-year periods. All breeding bird species were
reported as either certain, probable, or possible breeders based
on the nature of the observations (as an example, nesting females
were certain, singing males in breeding habitat probable, and
resting birds in breeding habitat possible signs of breeding
status). For this analysis, only certain and probable breeding
observations were included.
Stocked (Anas platyrhynchos, Phasianus colchicus, Perdix
perdix), invasive (Branta canadensis), and pelagic (Uria aalge,
Cepphus grylle, Alca torda) species were excluded from the
analysis, leaving a total of 193 species (scientific names follow
Grell, 1998, which follows Voous, 1973, Voous, 1977). Seventeen
species established new breeding populations in Denmark in the
period between the two atlas surveys, while no species went
extinct. The immigrant species were treated as having an area of
occupancy of one grid square in 1971–74 when calculating
range size change.
Ranges were measured as grid cell occupancy within Denmark.
As all species in the analyses are also found outside of Denmark,
this is a partial range size measure (sensu Gaston, 1996b), which
expresses the prevalence of a species within its extent of
occurrence. This is the measure that is most usually connected
with abundance (e.g. Gaston & Gregory, 1997; Kotze et al., 2003;
Tales et al., 2004).
Abundances of species are more difficult to measure than
range sizes (Gaston, 1994). Since reliable estimates of the total
population size within Denmark only exist for a small number of
species for the period 1971–74, we chose to represent change in
population size by an index published in the most recent atlas
(Grell, 1998), which is based on estimates made by the Danish
Ornithological Society, BirdLife Denmark. This index represents
the change in the total Danish population size in the 22 years
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separating the two breeding bird atlases, on a scale ranging
from −2 to +2. The scale is based on the relative change in abundance, so that 2 denotes a population change of more than 50%,
1 a change of more than 20%, and 0 a population change
between −20% and +20%. The main advantage with this index is
that it is available for all species regardless of commonness,
thereby facilitating a comparison between common and rare
birds. It is independent of the data used to measure range size,
preventing spurious correlations based on sampling effects
(Newton, 1997). The 17 immigrant species were assigned index
values on the basis of known numbers of pairs in 1993–96 (see
Appendix S1 in Supplementary Material).
For the analyses, data were divided into range size quartiles
based on the 1971–74 values, so that the first quartile contains
the most narrow-ranging and the fourth quartile the most wideranging species. This expresses the relative rarity of species as
measured by their partial density of occupancy inside Denmark
and does not necessarily reflect their global status.
To quantify the change in range size, we used a standardization
involving the shape of the empirical rank-range size distribution
of the assemblage. Comparing the range size changes for widespread and range-restricted species is not straightforward.
A range size increase of one grid cell is more important for smallranging species than for widespread species, e.g. it is more interesting to go from 10 to 20 grid cells than from 1010 to 1020. A
relative increase, on the other hand, is more important for wideranging species, e.g. it is much more difficult to go from 1000 to
2000 grid cells than from 10 to 20. We hypothesize that this is
reflected by the empirical distribution of range sizes, which is
predicted to follow a logistical pattern if a species’ probability of
expansion is proportional both to its occupancy and to the
number of unoccupied grid cells (Hanski & Gyllenberg, 1997).
Based on the inference that the empirical rank-range size distribution should reflect the relative importance of decreasing
or increasing a single grid cell, we standardized our measure of
occupancy change by entering occupancy for each year into the
inverse equation of the regression line fitted to the rank-range
size distribution (Fig. 1b).
The resulting measure, Pstandard, was then used to calculate
range size change as:
Standardized Occupancy Change = Pstandard(1993−96) − Pstandard(1971−74).

Despite these efforts, the data retain some heteroscedasticity
that could not be removed.
The group of bird species monitored extensively, i.e. for
occupancy change only, were taken from the NOVANA report
(DMU, 2000). Regression slopes were compared using an F-test
(Zar, 1984). Significance values of regression lines were
calculated by  using the SAS statistical package (SAS
Institute, 2000).
RESULTS
The rank-range size distribution of the assemblage correlates
tightly with a logistical pattern (Fig. 1a). Logit-transforming the
occupancy values, the rank-range size distribution conformed
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Figure 1 (a) The empirical rank-range size
curve of the assemblage of Danish breeding
birds. (b) After logit-transformation, the
rank-range size curve follows a straight line.
The regression equation was used to
standardize changes in species occupancy.

very well to a straight line (r2 = 0.99 for the 1993 – 96 assemblage;
Fig. 1b). The resulting equation for calculating Pstandard (year) was:
Pstandard(year) = (log(p/(1 − p)) + 0.036)/0.023.
We found a clear and significant relationship between Standardized
Occupancy Change and overall population trend (Fig. 2). This
relationship held up for all four range size quartiles. While the
species with smallest ranges (the two first range-size quartiles)
exhibited strong and highly significant relations between trends
in occupancy and population size (, first quartile F = 51.55,
P < 0.001, r 2 = 0.53; second quartile F = 139.27, P < 0.001,
r 2 = 0.75), the pattern was much less clear for the two quartiles
comprising the more widespread species (Fig. 3). Instead, we see
a rather flat relationship in which most species tend to increase in
occupancy regardless of the trend in population size. The regressions are still significant, although for the third quartile only
barely so, but r-squares are much lower than for the first two
quartiles (, third quartile F = 9.46, P < 0.05, r 2 = 0.17;
fourth quartile F = 20.06, P < 0.001, r 2 = 0.30). The slopes of the
four regression lines are significantly different (F-test, F46 = 23.59,
P < 0.001), which in part is due to the larger variance of the two
first quartiles.
The species chosen for extensive surveying in the NOVANA
monitoring programme mainly belong to the two first range-size
quartiles, and consequently, the range–abundance relationship
is stronger for these species than for the assemblage as a whole
(r 2 = 0.69, F-test for difference of slope between species selected

for extensive monitoring in NOVANA and those species not
chosen: F22,169 = 4.76, P < 0.05; Fig. 2).
DISCUSSION
The analysis confirms the expectation of an overall dynamic relationship between occupancy and population size for the Danish
breeding bird assemblage. There are, however, some differences
in the relationships exhibited by rare and common species. While
rare species showed a highly consistent relationship between
trends in population and abundance, the pattern seems to break
down for the more widespread species. These species generally
tended to increase their occupancy regardless of the trend in
population size. The decoupling of the temporal dynamics of
range and abundance, for the two quartiles containing the most
widespread species, points to possible differences in the ecology
of narrow-ranging and widespread species.
A possible explanation for this pattern is that widespread
species are more generalist, i.e. have larger niches than narrowranging species. Differences in resource use have been strongly
implicated in the causality of range–abundance relationships
(Gaston & Lawton, 1997; Kotze et al., 2003; Harcourt et al., 2005).
Current attention focuses on the ‘resource availability’ hypothesis, which states that species are widespread and abundant
because they use resources that are themselves more widespread
(Hanski et al., 1993; Gregory & Gaston, 2000; Heino, 2005).
According to this theory, the availability of specialized resources
influences the range size and abundance of a species independently.
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Figure 2 The relationship between standardized change in occupancy and the population trend index (see Appendix S1). A separate regression
line is shown for the species monitored extensively in the Danish government’s conservation monitoring programme.

There is no direct causal link between range size and abundance,
and a dynamic relationship is created as both range and abundance track trends in the availability of these resources over time
(Gaston & Lawton, 1997).
This mechanism may work less strongly for widespread
species, which are generally found to have wider niches and less
specialized resource preferences (Harcourt et al., 2002; Kotze et al.,
2003; Gregory & Gaston, 2000; found this pattern within the
group of widespread species only). The greater range of resources
available to these species would enable them to maintain high
levels of occupancy, even as population sizes decline as a result of
decreasing availability of favoured resources. This finding is in
accordance with the general tendency of human-induced habitat
deterioration to cause range expansion of already widespread
species (McKinney & Lockwood, 1999; Nijboer & SchmidtKloiber, 2004), and threaten extinction of species with highly
specialized resource requirements (Miller et al., 2005).
An alternative interpretation involves the higher resilience of
subpopulations of the more widespread species to local extinction. Local populations of a species experiencing population
decline will be less likely to disappear if there is a steady input of
dispersing individuals from nearby sites (the ‘rescue effect’,
Hanski & Gyllenberg, 1993).
The tight dynamic link between range and abundance among
the most narrow-ranging half of the assemblage is very consistent and exhibits few negative relationships. The most probable
explanation for the difference between this and earlier studies of
the intraspecific relationship is the reduction of noise associated
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with time lags in the response of one variable to changes in the
other. Such time lags are predicted to result from metapopulation dynamics, and have been shown to stretch over several years,
e.g. 4 years in an arctiid moth species (Conrad et al., 2001). Since
most studies of the intraspecific abundance relationship have
examined correlations of range and abundance using every
single year as a separate data point (Blackburn et al., 1998; Gaston
et al., 1999a,b), time lags could profoundly distort the detection
of patterns. By using data points separated by a span of more
than 20 years this effect is reduced to a minimum in the present
study.
Our study gives support to the feasibility of using distributionbased surveys in monitoring programmes similar to the Danish
NOVANA programme. Since most of the observed inconsistencies in temporal relationships stem from interannual noise and
the influence of common species, it seems sound to use this
method in monitoring the group of narrow-ranging species for
which it is usually employed. It is not advisable to use it for shortterm investigations or very rare or threatened species, since it is
not sufficiently sensitive to rapid changes in population size, and
the effects of time lags may delay detection of negative trends.
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Figure 3 The distribution–abundance relationship from Fig. 2 separated into range size quartiles, 1st and 4th being the 25% of the species with
the smallest and largest ranges, respectively.
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