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L. R. Taylor (1986 and earlier) has suggested that the slope b of the regressionlog V =
a + b log x of variance V against mean density x is a species-specific constant. We attempt
to relate the regression slopes for British birds to 13 life history and population ecological
parameters. Spatial regression slopes are found to be unreliable, because the relatively
constant average densities across sites in most bird populations do not allow a sufficiently
large range of mean densities to be sampled. In temporal regressions, the only parameter
apart from overall mean density that unequivocally affected the slope was territoriality,
territorial species having significantly lower slopes (1.08) than non-territorial species
(1.28). This result demonstrates large-scale population dynamic consequences of territori-
ality, but we conclude that the variance-mean regression analysis is not a generally useful
tool in bird ecology.
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1. Introduction

Ecologists have often been tempted to reduce the
complexity of populations and communities into one
or a few numerical indices. The great influx of species
diversity studies in the 1960s and 1970s is a case in
point (for examples and criticism see James & Ra-
thbun 1981). Another example from population ecol-
ogyis L. R. Taylor’s variance-mean regression analy-
sis (Taylor 1961, 1986, Taylor & Taylor 1977, 1983
and references therein), which aims at reducing popu-
lation dynamics to a single index, the regression slope
of the logarithm of variance against the logarithm of
mean abundance. The variances and means are calcu-
lated either across many sampling sites separately for
several sampling periods (spatial regression), or over
many sampling periods but separately for many sites
(temporal regression). For a discussion of the two
kinds of regression and the appropriate data see Tay-
lor & Woiwod (1980, 1982), Taylor et al. (1980) and
Hanski (1982).

Taylor and his co-workers suggest that the re-
gression slope is a species-specific constant (Taylor
& Woiwod 1982, Taylor 1986). They have repeatedly
asserted that current population dynamic theory and

models are unable to explain the interspecific vari-
ation in the slope values, and they have invoked
complex behavioural mechanisms to account for the
observed patterns (Taylor & Taylor 1977, 1979,
1983, Taylor et al. 1983). These conclusions have
been challenged by Anderson et al. (1982), Hanski
(1982, 1987), Thérarinsson (1986) and Downing
(1986) on theoretical, ecological and statistical
grounds.

What has been lacking both in Taylor’s own and
in his critics’ works is an attempt to relate the regres-
sion slopes to the ecology of the species (though see
R. A. J. Taylor 1981b for an unsuccessful attempt to
relate the regression slopes to R. A. J. Taylor’s A-
model parameters, which themselves could not be
satisfactorily estimated with-empirical data: R. A. J.
Taylor 1981a). If the slope cannot be related to any-
thing else in the biology of the species, the ecological
significance of the slope becomes questionable. If, on
the other hand, the slope is correlated with other
biological and ecological parameters, it may play a
useful role in the study of population ecology. Here
we explore the relationships between the variance-
mean regression slopes and thirteen life history and
ecological parameters in British birds.
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2. Material

The statistics of spatial and temporal variance-mean regres-
sions for British birds have been published by Taylor et al.
(1980) and Taylor & Woiwod (1982), respectively. The data
come from the Common Bird Census of the British Trust for
Ornithology, conducted between 1962 and 1976 at selected
woodland and farmland sites. Data for the two habitat types have
been analysed separately, though if the two slopes did not differ
significantly from each other only acommon regression line was
reported. Taylor et al. (1980) and Taylor & Woiwod (1982)
should be consulted for details on the regressions and for refer-
ences to the original data. We excluded 16 rare species prior to
the analyses, leaving 95 species. A species was considered to be
rare if Taylor et al. (1980) or Taylor & Woiwod (1982) failed to
report its spatial or temporal regression, respectively. The fol-
lowing life history and population ecology parameters were
included in this study (data are from standard handbooks if not
stated otherwise):

1. Taxonomy: Family. Eight families with 5 or more species
were included (total 55 species).

2. Global distribution: European (only in Europe: 25 spe-
cies), Palaearctic or nearly Palaearctic (from the Atlantic Ocean
across Siberia to or nearly to the Pacific Ocean: 55), and eastern
or northern species (from Siberia and northern Europe to Central
Europe including the British Isles; absent elsewhere in western
Europe: 15). Classification based on the maps in Voous (1960).

3. Distribution in Britain (Sharrock 1976): southernmost
third of the island (1), England and Wales only (13), the whole of
Britain (78), lacking from southern parts of Britain (2), and
coastal distribution (1). Only categories with >2 species were
included in the analysis.

4. Distribution in the British Isles: the logarithm of the
number of 10x10 km? Atlas squares (maximum 3775; Sharrock
1976).

5. Migratory behaviour: sedentary species (60), partial or
short-distance migrants (12), and long-distance migrants (23).

6. Main habitat: woodland (38), nesting in woodland, for-
aging in the open (24), open habitats (18), and water and shore
habitats (15).

7. Territorial behaviour: not clearly territorial (22) and ter-
ritorial species (73).

8. Nestsite: holes above ground (19), openly in trees (24),
bushes (8), and ground (41; three species could not be classi-
fied).

9. Clutch size: median of the first clutch in Campbell &
Ferguson-Lees (1972).

10. Length of the breeding season in months (Campbell &
Ferguson-Lees 1972).

11. Adult survival rate (for 13 species from Dobson 1987).

12. Food: invertebrates (48), vertebrates (7), plants (adults,
chicks not considered; 28), and omnivory with mainly animals
in summer and plants in winter (28).

13. Log-transformed weight.

3. Spatial regressions
The spatial variance-mean regression is estimated

from variance-mean pairs calculated across many
sampling sites separately for several sampling peri-

ods. In the data analysed here, each data point gives
the spatial variance and mean density in many popu-
lations in one year, and the regression has as many
data points as there are years during which sampling
was conducted.

Estimation of the spatial variance-mean regres-
sion slope involves a difficulty that has become ap-
parent only recently: the range of means sampled is
often quite small, say less than one order of magni-
tude (Downing 1986, Hanski 1987). For statistical
reasons, the standard error of the slope estimate is
large when the range of the means is small, in other
words the slope estimate is unreliable. As expected,
extreme values of the spatial slope are commonly
found in species with a small range of mean densities
sampled (Downing 1986, Hanski 1987).

Turning to Taylor’s analysis of the bird data
(Taylor et al. 1980), we encounter another difficulty
that makes it impossible to evaluate the magnitude of
this statistical problem. For nearly half of the species
(43 of 95), Taylor et al. (1980) found that the samples
from the two habitat types had a “single” regression,
the slope and the intercept not being statistically dif-
ferent. For these species they report only one set of
parameter values estimated from the pooled data
points for the two habitat types. As most bird species
are more abundant in one of the two habitat types,
their analysis gives misleadingly large ranges and
compounds within-habitat and between-habitat varia-
tion in numbers. Because the results are not given
separately for the two series of data, which them-
selves are not in the public domain, we do not know
how reliable, or unreliable, the slope estimates are.

Amongst the remaining 52 species there are only 8
species with the range of means greater than one order
of magnitude in both habitat types. As the slope esti-
mates tend to be unreliable for species with ranges
less than this (Downing 1986, Hanski 1987), there is
little point in attempting any analysis of the spatial
slopes. This situation is, however, indicative of bird
ecology: unlike in many insect populations (Hanski
1987), average densities across sampling sites tend to
remain relatively stable in bird populations (e.g. von
Haartman 1971), and it is uncommon that in the
course of 15 years (the length of time covered by
Taylor’s data) the maximum of the annual average
densities is 10 times greater than the minimum. Ex-
amples can be found in species occurring in marginal
habitats, at the margins of their ranges, and among
food specialists depending upon greatly fluctuating
food resources such as tree seeds and voles (e.g. Kor-
piméki 1984, 1987, Virkkala 1989).
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4, Temporal regressions

A small range of mean densities is not generally a

problem with temporal regressions, in which each .

data point gives the variance and the mean for one
site, calculated over the years of the study. When a
large and heterogeneous region is sampled, as is the
case with the bird data analysed by Taylor & Woiwod
(1982), population means are likely to be sufficiently
different to generate a range greater than one order of
magnitude.

Varying overall mean density can affect the tem-
poral slope (Hanski 1982). The slope is expected to
approach one in the rarest species, with the distribu-
tion of individuals in samples approaching Poisson
(Anderson et al. 1982, Hanski 1982). In common
species, the null hypothesis for density-independent
dynamics is two (Anderson et al. 1982, Hanski 1982),
and in fact it is difficult to distinguish variance-mean
regression results for moths and aphids from this null
hypothesis (Hanski 1982). In contrast, in birds there is
only a slight increase in the slope with mean abun-
dance. The interspecific regression of the slope
against the mean was just significant in the farmland
data (P=0.023) while being nonsignificant in the
woodland data, and even in the former only 5% of
variation in the slope was accounted for by the regres-
sion. Nonetheless, as several of the ecological vari-
ables (Section 2) were correlated with mean abun-
dance, we have used below covariance and multiple
regression analyses with mean abundance as a covari-
ate.

The following variables had no effect on the
slope: migratory behaviour (parameter number 5 in
the list in Section 2), global (2) and UK distribution
type (3 and 4), food (12), weight (13), nest-site (8),
clutch size (9) and the length of the breeding
season (10). The remaining four variables were corre-
lated with the temporal slope in one or both sets of
data.

By far the most significant (P<0.001) relationship
was found between territoriality (7) and the temporal
slope: territorial species (n=73) tended to have lower
slopes than nonterritorial species (n=22; average
slopes were 1.08 and 1.28, respectively, in both habi-
tat types; Table 1). The three other variables with less
significant relationships with the temporal slope were
family (1), habitat selection (6) and survival rate (11).
However, further analyses showed that territoriality
varied highly significantly between the families
(P<0.001; Table 2). The data are not suitable for a
two-way ANOVA, but in single-way ANOVAs for

Table 1. ANCOVA of the temporal variance-mean regression
slope in the farmland and woodland data.

Source of Farmland Woodland
variation F P F P
Covariate: mean 6.17 0.015 0.88 0.361
Main effect:

territoriality 15.16 0.0002 11.68 0.0009

Table 2. Statistics of the temporal regression slope (meantSE)
and the average degree of territoriality in the bird families with at
least 5 species in the data set. Territoriality was coded as 0 (=no
territoriality) or 1 (=territoriality). Differences between the
families in-the slope are significant (P<0.02) but most probably
due to varying territoriality between the families (see the text).

Family No. Temporal slope Average
species Farmland Woodland territoriality
Scolopacidae 6 0.95+£0.09 0.95+0.09 1.00
Motacillidae 5 1.01+0.03  1.01+0.03 1.00
Sylvidae 11 1.13£0.03  1.19£0.05 1.00
Turdidae 9 1.20+0.11  0.99+0.13 1.00
Fringillidae 7 1.07£0.03  1.10£0.05 0.86
Paridae 6 1.10£0.06  1.10£0.06 0.83
Corvidae 5 1.1620.17  1.1620.17 0.60
Anatidae 6 1.45+0.09 1.45+0.09 0.33

the territorial species only (47 of the 55 species in
Table 2) the differences between the families were
nonsignificant, suggesting that the significant effect
of family in all the 55 species is due to territoriality.
Habitat selection had a significant effect at the 5%
level in the woodland but not in the farmland data, but
two-way ANOVAs with habitat selection and ter-
ritoriality as independent variables strongly sug-
gested that in this case, too, only territoriality signifi-
cantly affected the slope (Table 3). Finally, survival
rate was significantly and positively correlated with
the slope in the farmland (P<0.02) but not in the
woodland data. This result could not be accounted for
by territoriality, but as we had data on survival for
only 13 species, and as we have run many analyses in-
volving the temporal slope, this result may be due to
chance only.
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Table 3. ANOVAs of the temporal variance-mean regression slope in the farmland and woodland
data.

Source of Farmland Woodland
variation df Mean square  F P Mean square  F P
Main effects 4 0.241 483 0.001 0.276 429 0.003
Habitat selection 3 0.070 141 0.246 0.135 2.10 0.106
Territoriality 1 0.640 12.79 0.001 0.409 6.37 0.013
Interaction 3 0.175 3.50 0.019 0.110 1.71 0.171

5. Conclusion

The only parameter that unequivocally affects the
temporal variance-mean regression slope in birds is
territoriality: territorial species tend to have lower
slopes than nonterritorial species. This is not a sur-
prising result, as territoriality is a prime example of a
density dependent process (Fretwell & Lucas 1969,
Krebs 1971, von Haartman 1971, Klomp 1972, Pat-
terson 1980), and more density dependent dynamics
are expected to be associated with lower variance-
mean regression slopes (Hanski 1982). Territorial
birds have slopes only slightly greater than one, in
striking contrast to moths and aphids with slopes
around two, the null hypothesis for density indepen-
dent dynamics (Hanski 1982, Taylor & Woiwod
1982).

Although it is satisfying to find that the density
dependence of territoriality is “revealed” by the vari-
ance-mean regression analysis, this result does not
bring much new to bird ecology. Territoriality in-

vo]ves a multitude of behavioural and ecological ele-
ments, and it is more fruitful to analyse them thor-
oughly than to try to reduce the population dynamic
consequences of territoriality to a single index, the
regression coefficient. See, for instance, O’Connor
(1983) and Pimm (1984) for ecological analyses of
the same BTO data that have been used by Taylor &
Woiwod (1982). It is noteworthy that migratory be-
haviour did not affect the regression slope at all,
though O’Connor (1983) found many population dy-
namic differences between resident and migratory
species.

Most of the variance in the spatial and temporal
slopes cannot be related to the ecological parameters
included in this study. While it is possible that other
parameters could be found that would do better, we
feel compelled to conclude, at this point, that the
temporal variance-mean regression analysis is not a
useful tool in bird ecology.
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