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Biogeography of time partitioning in mammals
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Many animals regulate their activity over a 24-h sleep–wake cycle,
concentrating their peak periods of activity to coincide with the
hours of daylight, darkness, or twilight, or using different periods
of light and darkness in more complex ways. These behavioral
differences, which are in themselves functional traits, are associated with suites of physiological and morphological adaptations
with implications for the ecological roles of species. The biogeography of diel time partitioning is, however, poorly understood.
Here, we document basic biogeographic patterns of time partitioning by mammals and ecologically relevant large-scale patterns of
natural variation in “illuminated activity time” constrained by temperature, and we determine how well the ﬁrst of these are predicted by the second. Although the majority of mammals are
nocturnal, the distributions of diurnal and crepuscular species richness are strongly associated with the availability of biologically
useful daylight and twilight, respectively. Cathemerality is associated with relatively long hours of daylight and twilight in the
northern Holarctic region, whereas the proportion of nocturnal
species is highest in arid regions and lowest at extreme high altitudes. Although thermal constraints on activity have been identiﬁed as key to the distributions of organisms, constraints due to
functional adaptation to the light environment are less well studied. Global patterns in diversity are constrained by the availability
of the temporal niche; disruption of these constraints by the
spread of artiﬁcial lighting and anthropogenic climate change,
and the potential effects on time partitioning, are likely to be
critical inﬂuences on species’ future distributions.
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atural cycles of light and darkness structure the environment
of the majority of eukaryotic organisms. The rotation of the
Earth partitions time into regular cycles of day and night, and
although all points on the Earth’s surface receive roughly equal
durations of light and darkness over the course of a year, at mid
to high latitudes seasonal variation in day length imposes an
uneven distribution throughout the annual cycle. During the
hours when the sun is below the horizon, there is seasonal and
latitudinal variation in the duration of “biologically useful semidarkness” in the form of twilight and moonlight (1), modiﬁed by
both the lunar cycle and variable cloud cover, providing changing
opportunities for animals able to use visual cues for key behaviors
including foraging, predator avoidance, and reproduction (2–6).
Activity during both daylight and semidarkness may be further
constrained by covariance between the natural cycles of light and
temperature; the metabolic costs of thermoregulation place constraints on the time available for activity (7). Thermal constraints
may limit nocturnal activity when nighttime temperatures are low,
and diurnal activity when temperatures are high. Furthermore,
energetic constraints may force some species to be active throughout hours of both light and darkness (8). Where energetic and
thermal costs are not prohibitive, temporal niche partitioning may
occur as species specialize and avoid competition by concentrating
their activity within a particular section along the light gradient
(9, 10). Behavioral traits are associated with a range of specialized adaptations, particularly in visual systems and eye morphology (11) and energetics and resource use (6, 12). Thus, some
species are apparently obligately diurnal in their peak activity
patterns, some obligately nocturnal, obligately crepuscular (active
www.pnas.org/cgi/doi/10.1073/pnas.1216063110

primarily during twilight), or obligately cathemeral (signiﬁcant
activity both during daylight and night), and others make facultative use of both daylight and night (13), or show seasonal and/
or geographical variation in their strategy. Strict nocturnality and
diurnality are hence two ends of a continuum of possible strategies
for partitioning time over the 24-h cycle. As properties of organisms that strongly inﬂuence performance within a particular environment, these strategies can be considered functional traits in
themselves (14), but are also associated with suites of adaptations,
with implications for the ecological roles of species and individuals. Crepuscular and cathemeral species may have intermediate
adaptations (15), and behavior may be ﬂexible to vary within
species and among individuals according to factors such as time
of year, habitat structure, food availability, age, temperature, and
the presence or absence of predators (16–18).
The ecology of diel time partitioning by organisms remains
rather poorly understood (19, 20). Studies have considered the
adaptive mechanisms behind strategies within a single ecosystem,
including predator avoidance, energetic constraints, diet quality,
and interspeciﬁc competition (9, 21). Meanwhile, although
mapping functional traits has become a core technique in functional biogeography (22, 23), surprisingly little is known about
the biogeography of diel activity patterns, and the extent to
which they are determined by geographic gradients in light and
climate. Addressing such issues has become more pressing with
growth in the evidence for a wide range of ecological impacts of
both anthropogenic climatic change and nighttime light pollution
(24–28). Natural cycles of light have remained consistent for
extremely long geological periods, providing a rather invariant
context, and a very reliable set of potential environmental cues.
The continued spread of electric lighting has caused substantial
disruption to how these cycles are experienced by many organisms, exerting a novel environmental pressure (29). Direct illumination of the environment has quite localized effects, but sky
glow—the ampliﬁed night sky brightness that is produced by
upwardly emitted and reﬂected electric light being scattered by
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water, dust, and gas molecules in the atmosphere—can alter light
regimes over extensive areas. Indeed, under cloudy conditions in
urban areas, sky glow has been shown to be of an equivalent or
greater magnitude than high-elevation summer moonlight (30).
Understanding the biogeography of time partitioning by organisms provides a ﬁrst step toward determining where such changes
are likely to have the greatest impact.
In this paper, we (i) document basic biogeographic patterns of
time partitioning by organisms, using terrestrial mammals as
a case study; (ii) document ecologically relevant large-scale
patterns of natural variation in “biologically useful” natural light,
constrained by temperature; and (iii) determine how well the
ﬁrst of these are predicted by the second. Mammals provide an
interesting study group, being globally distributed, occupying
a broad range of environments, and exhibiting a wide diversity of
time-partitioning behavior. Much concern has also been expressed
as to the potential impacts of nighttime light pollution on the
group, and there are many studies documenting signiﬁcant inﬂuences (31, 32). Due to the global nature of this study, and the
paucity of detailed information on time partitioning reported for
many species, our focus is on a high-level categorization, allocating species to one of four temporal niches: nocturnal, diurnal,
cathemeral, and crepuscular (Fig. 1), albeit with the acknowledgment that in many species behavior occurs along a continuum
of possible strategies that may be more ﬂexible and complex.
Results and Discussion
Globally, the majority of mammal species are nocturnal (69% in
our dataset; 20% diurnal, 8.5% cathemeral, and 2.5% crepuscular), and it has been argued that nocturnality is an ancestral
characteristic of the group (33). We found signiﬁcant phylogenetic conservation in time-partitioning strategy within mammals
as a whole (Fig. 2; Pagel’s λ = 0.947, P < 0.001). As a comparison
with other mammalian traits, estimates of λ for solitary and group
living are 0.93 and 0.86, respectively (34), 0.97 for life span (35),
and 0.84 for dispersal distance (36). The global distributions of
species richness within temporal niches, however, vary strikingly
(Fig. 3). Although the species richness of both nocturnal and diurnal mammals is greatest in the humid tropics, broadly following
well-known gradients in total species richness in this group and
others (37), key differences occur between the two temporal niches;
for example, in tropical South America diurnality is high along

the river corridors of the Amazon basin, due to high richness of
diurnal primates, whereas further north in seasonally dry forest
and shrubland in Venezuela, high mammal diversity consists
largely of bats and rodents, both groups in which diurnality is
uncommon. In contrast, cathemeral species richness is highest at
mid to high latitudes in the Northern Hemisphere, particularly
central Siberia and midlatitude mountain ranges including the
Alps, Pyrenees, and Appalachians, with relatively high cathemeral
species richness also locally recorded in the forests of eastern
Madagascar. Although strictly crepuscular activity is relatively rare
globally, aggregations of crepuscular species occur in southern
Africa, India, and China. When shown as a proportion of total
species richness (Fig. 4), biogeographic patterns are particularly
marked; although nocturnality is the global norm in mammals,
diurnal activity patterns dominate at high altitude in the Tibetan
Plateau and Andes, where nighttime temperatures are low and
the energetic costs of nocturnality are prohibitively high; and crepuscular and cathemeral activity patterns dominate in the Arctic
regions, characterized by long hours of twilight and high seasonal
variation in the hours of daylight.
There is considerable geographic variation in the relative
proportions of time within thermal limits suitable for activity in
mammals (“thermal activity time”—here deﬁned as between
0 and 35 °C) illuminated by daylight, moonlight, and twilight,
respectively (“illuminated activity time”). It is assumed that,
outside these limits, activity is either greatly reduced or imposes
high physiological or adaptive costs. The proportion of thermal
activity time illuminated by daylight approximates 50% throughout the humid tropics, but is constrained by high daytime temperatures in the Sahara, Arabian Peninsula, Indian subcontinent,
and Australia (Fig. 4). In parts of the high Andes, Rocky Mountains,
and Tibetan Plateau, virtually all thermal activity time falls during
the hours of daylight, due to low nighttime temperatures; at high
latitudes in the Northern Hemisphere, a high proportion of thermal activity time falls within long days during summertime. The
distribution of activity time illuminated by moonlight broadly follows global gradients in cloud cover, whereas relatively long hours
of twilight occur at high latitudes where the sun remains close to
the horizon for long periods of the year.
We predicted the proportion of species richness within each
temporal niche as a function of spatial gradients in light using
simultaneous autocorrelation models to allow for the effects of

Fig. 1. Examples of recorded diel activity patterns illustrating the four main time-partitioning strategies used to classify terrestrial mammals in this study (64–67).
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spatial autocorrelation. The results strongly indicate that global
patterns in time partitioning are coincident with patterns in illuminated activity time, the availability of biologically useful
daylight, twilight, and moonlight constrained by temperature
(Figs. 5 and 6 and Table S1). R2 values for model ﬁt predicting
the proportion of total species richness attributed to each
strategy are 0.701 for nocturnal species, 0.213 for diurnal, 0.668
for crepuscular, and 0.736 for cathemeral. Nocturnality is more
frequent in regions with low ratios of both daylight and twilight,
and low variance in daylight. Diurnality is more frequent where
daylight hours are high and more variable, and twilight is limited;
crepuscularity is most strongly inﬂuenced by the availability of
twilight, and to a lesser extent both moonlight and daylight,
whereas cathemerality is inﬂuenced by twilight, daylight, and
twilight variance. The relatively low R2 values for diurnality reﬂect strong regional patterns that are not predicted by the
modeled global light gradients, notably higher than expected
rates of diurnality in localized parts of Africa, Borneo, and
southern South America. These second-order patterns require
further explanation.
In addition, the distribution of artiﬁcial light is associated with
the occurrence of diurnal, crepuscular, and cathemeral species.
These effects are relatively small compared with those of global
natural gradients of light, but are nevertheless robust enough to
occur in the vast majority of models selected on the basis of
Akaike information criterion (AIC) values. It is unlikely that at
this spatial resolution this is a direct effect of artiﬁcial light on
temporal niche use; the global distribution of artiﬁcial light is
strongly correlated with human population density and may be
acting as a proxy for a range of human impacts. These results
provide tentative evidence that temporal niche is a component of
extinction risk due to human impacts. The distribution of artiﬁcial light is associated with a decline in the proportion of diurnal
and crepuscular species, and an increase in the proportion of
cathemeral species, with the proportion of nocturnal species
remaining unaffected. This pattern is echoed when the proportion of species attributed to International Union for Conservation of Nature (IUCN) red-list categories, representing
their global extinction risk, is considered with respect to their
time-partitioning strategies. Seventy percent of the 2,966 nonthreatened species in this study are nocturnal, 19% diurnal, 9%
cathemeral, and 2% crepuscular; for the 926 species considered
threatened (critically endangered, endangered, and vulnerable),
only 59% are nocturnal and 7.5% cathemeral, but 30% are diurnal and 3.5% crepuscular (difference between groups signiﬁcant
at P < 0.001, χ2 = 105.71, df = 6). However, a signiﬁcantly higher
proportion of those species with insufﬁcient data to classify their
status are nocturnal (583 species classiﬁed as data deﬁcient; 81%
Bennie et al.

Fig. 3. Global distribution of mammal species richness, broken down by
temporal niche.
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Fig. 2. Phylogenetic tree showing 3,510 mammal species allocated to one
of four time-partitioning strategies. The colored radial bars represent the
dominant time-partitioning strategy for the species from an extensive literature search; the internal radial tree shows a species-level mammal phylogeny (55, 56). Selected major clades are shown.

nocturnal, 11% diurnal, 6.5% cathemeral, 1% crepuscular).
Cathemeral activity in mammals may increase following habitat
fragmentation (38), and in other groups diurnality has been
identiﬁed as a barrier to movement between habitat patches in
artiﬁcially fragmented landscapes (39); however, more research
is needed to elucidate any links between anthropogenic land use
change and time-partitioning strategy. A nocturnal habit is likely
to minimize contact with humans, and hence adaptation to facultative or obligate nocturnality may be a key determinant of
extinction risk.
Just as temperature constraints on activity may limit the distribution of species (7, 40) and functional traits (41), it has been
argued that light plays a key, but often neglected, role in organizing distributions and biological responses to climate (42, 43).
The simple surfaces of activity time using different forms of light
that are presented here give ﬁrst-order predictions of the diversity of time-partitioning strategies along geographical gradients.
Functional adaptations to activity during different sections of the
diurnal cycle clearly place restrictions on the geographic distribution of species. Light and temperature combine to deﬁne available niches and constrain community structure. Global patterns in
the duration of biologically useful light deﬁne a resource gradient, which is the context for niche partitioning and functional
adaptation. Much remains to be discovered about the functional
biogeography of the temporal niche. It is likely that patterns in
time partitioning will emerge for other groups, which reﬂect the
different phylogenetic constraints on adaptation to both light and
temperature. Phylogenetic constraints have previously been shown
to play a role in determining time-partitioning strategies in rodents
(41, 44), and our analysis shows a high level of phylogenetic conservatism across mammals as a whole. Environmental constraints
on the availability of temporal niches may therefore have implications for the distribution of taxonomic groups, and conversely
the evolutionary history of regions may inﬂuence the diversity of
strategies available. For example, a cathemeral habit is recorded
for many lemurids, but is rare in other primates (13, 15, 21), and
nocturnality is recorded for the majority of marsupials (11), and
these patterns are not fully explained by our estimates of illuminated activity time for Madagascar and Australasia (Fig. 5). At
resolutions ﬁner than the broad-scale patterns identiﬁed by this
study, other factors are likely to play a role in structuring temporal
partitioning strategies. These include habitat structure (8, 38),
interspeciﬁc or intraspeciﬁc competition (9, 10, 44), human disturbance, and predation pressure (4, 45, 46).
Our ﬁndings demonstrate that biogeographical patterns of global
mammalian diversity are structured in part by the availability of

Fig. 4. Global annual totals of biologically useful daylight, twilight, and
moonlight, and global distribution of artiﬁcial light used in this analysis.
Biologically useful light is expressed as the ratio of the illuminated duration
when the estimated temperature is between 0 and 35 °C, and the total
duration between these thermal limits (daylight, twilight, moonlight, and
darkness). Twilight is deﬁned as the duration when the sun is less than 12°
below the horizon; moonlight is the duration when the lunar disk is more
than 75% illuminated, unobscured by cloud cover and the sun is more than
12° below the horizon. Artiﬁcial light derived from DMSP satellite data for
the year 2009 from National Oceanic and Atmospheric Administration National Geophysical Data Center.

the temporal niche, which is itself constrained by natural cycles
of both light and temperature. In general, the nocturnal proportion of species diversity is highest in arid regions, whereas
the diurnal proportion is higher at high altitudes, reﬂecting temperature constraints on activity during day and night, respectively.
Crepuscular and cathemeral species provide a higher proportion
of total species diversity at high latitudes, where hours of biologically useful twilight and annual variability in the light regime
are greatest. Human modiﬁcation of both the nighttime light environment (through the spread of artiﬁcial lighting) and global
temperature patterns (through anthropogenic climate change)
means that these constraints are changing at a probably unprecedented rate. We show that human impacts change the relative
proportions of species diversity within each time-partitioning
group, and that diurnal and crepuscular species are more likely to
be classiﬁed as threatened than nocturnal and cathemeral. Understanding the links between the behavioral and physiological
adaptations to circadian patterns of activity, the links between
temporal niche and population declines, and the biogeography of
time partitioning is a critical step toward predicting the implications of these changes for biodiversity.

cathemeral and crepuscular habits are somewhat underrecorded in the literature, and this is likely to be the case in our dataset. In total, 4,477 species
were used in this analysis, with 612 nonfossorial species omitted due to lack
of data on their temporal niche. Knowledge gaps in particular exist within
the mammals of China, Central Africa, and New Guinea; however, a sensitivity analysis suggests that neither these omissions, nor the interpolation of
the 355 species from genus or family-level descriptions on the dataset are
likely to have a strong effect on the spatial pattern of diversity within each
time-partitioning strategy (SI Materials and Methods and Fig. S1). The classiﬁcation for all 4,477 species used in the analysis is included in Table S2.
Following the classiﬁcation of each species, vector maps of species ranges
were converted into raster datasets of species richness attributed to the four
temporal niches. This process was performed in the statistical and programming environment R (50), using the packages raster (51), rgdal (52), and
sp (53). A pixel resolution of 56.2 km, equal to ∼0.5° at the equator, was
used. To prevent loss of small polygons during the rasterization process,
a polygon to point rasterization technique was used, where polygon edges
were converted to points, and then these points were rasterized along with
the polygons themselves, ensuring the inclusion of all range maps in the
analysis. Duplication was avoided by taking the maximum value for a given
pixel, ensuring only a 1 or a 0 was recorded per species in the running total.
This procedure was repeated for each of the four groups of species resulting
in a single species richness raster for each.
Global Light Data. Global maps of illuminated activity time, in terms of biologically useful daylight, twilight, and moonlight constrained by temperature between 0 and 35 °C were generated by combining 0.5° resolution
baseline monthly average climate data for 1961–1991 from the CRU 2.1
dataset (54) with calculated seasonal duration of light along latitudinal
gradients. For each 0.5° latitude grid square, we calculated the daily duration of daylight (considered here to be the duration of time for which the
midpoint of the solar disk is above the horizon), twilight (the duration for
which the center of the solar disk is between 0° and 12° below the horizon;
incorporating the conventional deﬁnition of both “civil” and “nautical”
twilight), and full moonlight (deﬁned here as the duration during which the
illuminated fraction of the moon is greater than 75%, the center of the solar

Materials and Methods
Mammal Data. The most recently available (October 2010) global species
range maps for terrestrial mammals were downloaded from the IUCN (www.
iucnredlist.org/technical-documents/spatial-data) in December 2011. Analysis was conducted in ArcGIS 9.3 and 10 (ESRI, 2012), except where otherwise
stated. Range maps for each of 5,276 species were extracted and transformed to the Behrmann equal-area projection.
Each species was classiﬁed as using one of four temporal niches—nocturnal, diurnal, crepuscular, or cathemeral. An extensive literature search of
books, peer-reviewed journal articles and their supplementary information,
online databases and resources, gray literature, and consultation with
experts was conducted to gather information on the daily activity patterns
of the terrestrial mammals. One hundred eighty-four mammal species were
described as highly/fully fossorial in the literature (47–49) and were therefore removed from the analysis. Information was successfully obtained for
2,893 species with a further 355 interpolated at the genus/family/order level
where at least 75% of species for which data were available showed
a common behavior or where the literature described a general behavior at
a higher taxonomic level than species. Species for which data were interpolated at a higher taxonomic level were omitted from the phylogenetic
analysis. In addition, 1,139 bat species were considered, and with the exception of Megachiroptera, the Old World fruit bats, all were assumed to be
nocturnal unless described otherwise in the published literature. Species that
were no longer formally described were also omitted. It is likely that the
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Fig. 5. Global distribution of observed (Left) and modeled (Right) proportions of mammal species with different time-partitioning strategies.
Pseudo-R2 values, calculated following ref. 54 as the squared Pearson correlation coefﬁcient between observed and predicted values, are as follows:
nocturnal R2 = 0.701; diurnal R2 = 0.213; crepuscular R2 = 0.668; cathemeral
R2 = 0.736.
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disk is more than 12° below the horizon, and the center of the lunar disk is
above the horizon). The timing of sunset, sunrise, and positions of the sun
and moon were derived from astronomical algorithms (55).
Global maps of illuminated activity time were created by adjusting the
duration of each component of the daily light cycle using climate data to
reﬂect both the effects of cloud cover on moonlight and seasonal temperature restrictions on the activity of mammals. Moonlight duration was adjusted to account for cloud cover obscuring the face of the moon [adjusted
moonlight duration = moonlight duration × (1 – monthly cloud cover)]. Daily
maximum, mean, and minimum temperatures were linearly interpolated
from the monthly CRU data. A nominal lower temperature limit of 0 °C and
upper temperature limit of 35 °C for mammal activity were imposed, on the
assumption that, outside these limits, activity is either greatly reduced or
imposes high physiological or adaptive costs. Monthly sums of illuminated
activity time within these temperature limits were estimated using the following rules: daily hours of daylight were added to the monthly total only if
the maximum daily temperature was below 35 °C and mean temperature
above 0 °C; daily hours of moonlight were added if the minimum daily
temperature was above 0 °C and below 35 °C; daily hours of presunrise
twilight were included only if daily minimum temperatures were above 0 °C
and below 35 °C; and daily hours of postsunset twilight were added only if
daily mean temperatures were between 0 °C and 35 °C. The latter two
restrictions are based on the assumption that minimum temperatures typically occur shortly before sunrise, making presunrise twilight temperatures
close to the daily minimum temperature; whereas temperatures at sunset
are typically closer to the daily mean temperature. Monthly totals were
added to create an annual total duration for each natural light category,
and the variance between months was calculated to create an index of
seasonal variation in natural light. The script used for calculating illuminated
activity time is included in R code ﬁle.
The distribution of artiﬁcial nighttime light was derived from satellite data
for 2009 from the Defense Meteorological Satellite Program, Version 4,
DMSP/OLS Nighttime Lights Time Series (56). All gridded raster data were
converted to equal-area Behrmann projection with the same extent and
resolution as the species richness maps.
Spatial Modeling. We used autoregressive spatial linear models, or SLMs (57),
using the “spdep” package (58) in the R statistical package (47) to predict
species richness within each temporal niche. Niche species richness was
modeled as a linear function of total species richness, interactions between
total species richness and explanatory light variables, and a spatial error
term. The model took the following form:
Sniche = β0 Stotal + β1 Stotal E1 . . . βn Stotal En + γWu + e;
where Sniche is niche species richness, Stotal is total species richness, E1. . . En
are a list of n standardized explanatory variables, β1. . . βn are the slopes
associated with explanatory variables, γWu is the spatial structure (γW) in
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the spatially dependent error term u, and e is the spatially independent
error. A neighborhood of 400 km was used to calculate the spatial structure
weights matrix W, allowing all points within this distance to inﬂuence the
values at a point. Residuals from all models were tested for signiﬁcant
spatial autocorrelation using Moran’s I; in all cases, no signiﬁcant spatial
autocorrelation remained when using this neighborhood distance. To ensure computation times were tractable, SLMs were run on a randomly selected 10% of the full dataset (4,494 points; the same selection of points was
used in all analyses). Seven explanatory variables were used in the analysis—
the annual ratios of biologically useful twilight, moonlight, and daylight, the
variance in monthly values of each of these ratios, and a satellite-derived
index of artiﬁcial light, which largely follows global patterns of human
settlement (Fig. 4). All explanatory variables were rescaled to mean of zero
and unit SD, and were included in the analysis as interactions with total
mammalian species richness. SLMs were run for each temporal niche using
all possible combinations of explanatory variables, and a model averaging
procedure (59) was used to identify key explanatory variables. A “best” set
of all models with AIC values within 5 units of the minimum AIC value were
selected, and effect sizes were calculated from this model set as the Akaikeweighted slopes of the standardized variables. The relative importance of
explanatory variables was calculated as the proportion of the “best” set of
models containing each explanatory variable.
Because species richness within each temporal niche is correlated with
total species richness, which was included as an interaction with all explanatory terms in the SLMs, to test model performance we divided predicted
niche richness by total species richness to produce the predicted proportion of
species within each niche as a function of explanatory terms (Fig. 5). Because
there is no established method for calculating goodness of ﬁt values from
SLMs (60), we calculated pseudo-R2 values as the squared Pearson correlation coefﬁcient between the predicted and observed proportions for the
entire dataset.
Phylogenetic Analysis. We cross-referenced our dataset with a published
species-level mammal phylogeny (61, 62). To avoid circular reasoning, we
omitted species from the phylogenetic analysis for which we had interpolated activity pattern on the basis of family, order, or genus without
species-speciﬁc information (with the exception of bats). Species were also
omitted if they could not be attributed to the phylogeny due to unresolved
differences in taxonomy or nomenclature between the two datasets. A total
of 3,510 species from our dataset could be allocated to species included in
the phylogeny (Fig. 2). Pagel’s λ, a measure of phylogenetic signal in timepartitioning strategy, was calculated using the “geiger” package (63) in the
R statistical package (50), and the signiﬁcance was tested with a likelihood
ratio test comparing this value of λ against a tree without phylogenetic
signal (λ = 0).
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Fig. 6. Effect sizes and relative importance of predictor variables in spatial error models. The bars
represent the effect size, calculated as the magnitude and direction of the Akaike-weighted coefﬁcients of terms in the set of models within 5 AIC
units of the best model. Figures to the Right of bars
represent the relative importance, deﬁned as the
proportion of models within the set in which the
term is included.
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