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A B S T R A C T


Taylor’s law (TL) is an empirical rule describing the approximate relationship between the variance and the
mean of population density: log10(variance) ≈ log10(a) + b × log10(mean). Although TL has been verified in
various ecological systems, essential questions remain unanswered. Why is TL so widely observed? What me-
chanisms or processes generate TL? Why do most observed slopes b fall in the limited range 1< b<2? Density-
dependent movement of individuals among populations has been proposed as a mechanism that leads to TL with
slopes 1< b<2. We used the Gompertz model (a second-order autoregressive model of the logarithm of po-
pulation density) to analyze the temporal TL of gray-sided vole populations. Our extensive simulations using
various combinations of model parameters for environmental variability and density dependence demonstrated
that sustainable populations could obey TL in the absence of density-dependent movement among populations,
and identified the parameter combinations that produced slopes 1< b<2. When environmental variability was
low and density dependence was intermediate, simulated data sets showed higher probabilities for 1< b<2,
but the probability was not very high. In general, slopes became steeper (b increased) as environmental varia-
bility increased and as density dependence coefficients decreased. In the Gompertz model, both environmental
variability and density dependence cause population density to vary, and on the logarithmic scale of population
density, those effects are symmetric above and below the equilibrium density. However, effects of the variability
are higher above the equilibrium density on the natural scale of population density, and thus the mean of
population density increases with increasing population variability. Therefore, the temporal TL can be formed
when population density is measured in the natural scale. In sustainable populations well described by the
Gompertz model, the slope b can be determined by the interplay of environmental variability and density de-
pendence.


1. Introduction


Taylor's law (TL, Taylor, 1961) is an empirical rule describing the
approximate relationship between the variance and the mean of po-
pulation density. It has been widely verified in various ecological sys-
tems (Taylor, 1986) and many other fields (Eisler et al., 2008; Tippett
and Cohen, 2016). TL asserts that the variance is approximately a
power-law function of the mean: variance = a × (mean)b, a>0. It is
usually rewritten:


log10(variance)= log10(a)+ b× log10(mean). (1)


Neither of these equations specifies the deviations from an exact
relationship, i.e., the error term in TL.


The mean and the variance of population density can be calculated
temporally and spatially. In the temporal TL, the mean and the variance
are calculated over observations of population density at different times
in a given location, while in the spatial TL, the mean and the variance
are calculated over observations of population density in different
spatial locations at a given time. The temporal mean of population
density may depend primarily on habitat quality, while the temporal
variance of population density may be produced primarily by popula-
tion dynamics in interaction with environmental variable factors, which
broadly include abiotic (e.g., climatic, chemical, physical) and biotic
(e.g., trophic, parasitic, allelopathic) effects on a given species. This
study investigated the relative contributions of population dynamics
and environmental variability in shaping the form and parameters of
the temporal variance-mean relationship.
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Many theoretical models and interpretations of TL have been pro-
posed, but none has gained widespread acceptance. Essential questions
remain unanswered. Why is TL so widely observed? What mechanisms
or processes generate TL? Why do most observed slopes satisfy
1< b<2? Although combined empirical and theoretical studies
should be conducted to answer these questions, many previous em-
pirical studies have verified TL without testing the details of any model
that leads to TL, while theoretical models that lead to TL have often
lacked detailed empirical verification of the processes assumed (see
reviews by Taylor, 1986; Kendal, 2004; Eisler et al., 2008, but as ex-
ceptions see Cohen et al., 2013; Linnerud et al., 2013).


We found previously that the population density of the gray-sided
vole, Myodes rufocanus (Sundevall, 1846), in Hokkaido satisfied the
temporal TL, and the estimated slope 1.613 was in 1< b<2 (Cohen
and Saitoh, 2016). Moreover, Cohen and Saitoh (2016) showed that the
densities of different vole populations were not independent. The
Gompertz model, which describes well the dynamics of the logarithm of
population density of those populations (Royama, 1977, 1992;
Stenseth, 1999; Stenseth et al., 2003), generated time series of density
on the original scale of measurement that satisfied the form of temporal
TL, but, under the assumption that different populations were in-
dependent, the slope b ≈ 2.699 of the simulated TL was significantly
steeper than the slope of the empirical populations. We attributed this
discrepancy to the assumed independence of simulated time series.


In contrast to the independent simulated time series, empirical po-
pulations may inhabit habitats of varying quality, may be subject to
correlated environmental influences (the "Moran effect"), and may ex-
perience density dependent movements from a higher-quality habitat to
a lower-quality habitat. Density-dependent movement reduces the tem-
poral mean and variance of populations in higher-quality habitats, while
it enhances the temporal mean and variance of populations in lower-
quality habitats. Therefore, density-dependent movements could lower
the temporal slope of TL, as Taylor and Taylor (1977) and Perry (1988)
suggested. Synchrony of populations produced by the Moran effect could
also lower the slopes of the spatial TL (Reuman et al., 2017).


Density-dependent movements, however, seem unrealistic for the
studied vole populations, because the distance between the studied vole
populations is far beyond the movement ability of individuals of the
gray-sided vole. The mean geographic distance between the observed
populations was 8.4 km, while most natal dispersals of individuals are
recorded within several hundred meters (Ishibashi and Saitoh, 2008),
although some long-distance movements of up to several kilometers
have been reported in some arvicoline rodent populations, which are
highly variable (see Le Galliard et al., 2012 for a review). Therefore, we
shall test whether TL can be formed, with realistic values of the slope
parameter b, even in the absence of demographically significant mi-
gration.


Here we report detailed simulations of the temporal TL for the
empirical populations of the gray-sided vole using the Gompertz model
with extensive combinations of model parameters. These results will
shed light on the above general questions about TL in this situation.


Modelling of population dynamics is a powerful approach to simu-
lating observed populations, analyzing effects of model parameters, and
considering underlying mechanisms of the temporal TL. Anderson et al.
(1982) proposed a Markovian population model where chance demo-
graphic events could lead to the temporal TL by the adjustment of the
relative rates governing birth, death, immigration, and emigration.
Perry (1988) demonstrated that models based on density-dependent
movement could yield the temporal TL. Hanski and Woiwod (1993)
simulated populations where the intrinsic growth rate of populations
was subjected to a random component; these simulated populations
approximated the temporal TL. All of these attempts, however, relied
upon arbitrary approximations, transformations or constraints to
achieve the goal (Kendal, 2004). In addition, the models of population
dynamics used by those studies were not tested to evaluate whether
they could describe empirical populations well, and some models were


unrealistic. For example, Anderson et al. (1982) assumed a potentially
infinite increase of population density, and Perry (1988) assumed
density-dependent movement that is unrealistic, at least for the studied
populations of the gray-sided vole.


Linnerud et al. (2013) analyzed density dependence and stochastic
effects on the temporal TL using empirical data on avian populations
and modified logistic models. They claimed that slopes of the temporal
TL were influenced by interspecific variation in life history parameters
(adult survival and clutch size). However, their examined parameter
space of population dynamics was limited. In contrast, Royama (1977,
1992) examined the relationship between the density-dependence
coefficients and the population dynamics of the Gompertz model (de-
tails below) and identified the parameter space of density-dependence
coefficients where populations are sustainable (mathematically
speaking, where the second-order autoregressive model is stationary
and ergodic). Therefore, we can thoroughly analyze effects of density
dependence on the temporal TL for sustainable populations using the
Gompertz model with fewer arbitrary approximations or assumptions.


Here we will show, first, that the variability of population density
derives from both environmental variability and density dependence.
Second, by extensive analyses of environmental variability and density-
dependence coefficients without assuming density-dependent move-
ments or environmentally caused synchrony, we will show that sus-
tainable populations satisfy the temporal TL and will identify parameter
combinations that are more likely to produce slopes 1< b<2. Further,
we will show that a driving force of the temporal TL formation is po-
pulation variability but not the variation of the equilibrium density.


2. Materials and methods


2.1. Study design and data


Hokkaido is the northernmost island of Japan (78,073 km2). The
gray-sided vole, Myodes rufocanus (Sundevall, 1846), is the commonest
species of rodents on this island (Kaneko et al., 1998). A systematic
survey of rodent populations has been carried out in Hokkaido by
Forestry Agency of Japanese Government. The geography of Hokkaido
and the data collection were described previously (Saitoh et al., 1997,
1998; Stenseth et al., 2003). We analyzed the same data set of the gray-
sided vole as Cohen and Saitoh (2016): N=85 populations in different
locations covering T=31 years (1962–1992). Population density was
defined as the number of voles per 150 trap-nights, because 50 snap
traps for three consecutive nights on a 0.5 ha survey plot was a standard
unit of the rodent survey.


The Bayesian method was applied to the estimation of population
density for each year and location based on a state-space model by
using WinBUGS version 1.4.3 (Spiegelhalter et al., 2003, http://www.
mrc-bsu.cam.ac.uk/software/bugs/). In our previous study (Cohen and
Saitoh, 2016), population density was estimated assuming that the
number of voles caught increased in proportion to trapping effort.
However, there were some limitations imposed by the trapping method.
Because the basic unit of trapping was 150 trap-nights, the number of
catches could not exceed 150 per unit. New codes for WinBUGS were
developed taking the constraints of trapping into consideration. In ad-
dition, non-target species of rodents (Apodemus argenteus, A. speciosus,
and other minor species) than the target species (Myodes rufocanus)
provided some small proportion of caught rodents, although the target
species dominated other species (Saitoh and Nakatsu, 1997). Traps
occupied by other species should not be considered effective traps.
Therefore we subtracted the number of catches with non-target species
from the number of trap-nights. The new codes for WinBUGS are
available as Appendix B in Supplementary Material. The raw counts of
voles trapped, the trapping effort (the total number of trap-nights, ex-
cluding traps occupied by non-target species), and the resulting Bayes
population estimates are available in a spreadsheet file as Appendices
H–K.
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Although we used the natural logarithm of the number of individual
voles trapped per unit of trapping effort (one trap-night) for the analysis
by WinBUGS, we transformed the estimates back to the original scale of
measurement, the number of voles captured per 150 trap-nights (the
basic unit of trapping), for the following analyses of TL.


2.2. Temporal Taylor’s law


The mean and the variance were calculated over observations of
population density at different times in a given location, and one data
point [log10(temporal mean), log10(temporal variance)] was plotted for
each location. Ordinary least-squares regression (OLS) was used to test
the temporal TL, by fitting Eq. (1) to log10(temporal mean) and
log10(temporal variance) of the vole populations and simulated time
series.


2.3. Gompertz model


We used the second-order autoregressive model (the Gompertz
model; Eq. (2)) to describe population dynamics of the gray-sided vole.
In this model, for each population j=1,…, 85, xt,j was the natural
logarithm of Bayesian estimate of the observed density (Nt,j) in year
t=1962,…,1992; xj was the temporal mean of xt,j in population j, and


−x xt j j, was the centered time series on the logarithmic scale in popu-
lation j. The Gompertz model supposes that


xt,j− xj =(1+ a1,j)(xt-1,j− xj )+ a2,j(xt-2,j− xj )+ et,j, (2)


where for each population j, the parameters a1,j and a2,j are the coef-
ficient of density dependence for a 1-year lag and for a 2-year lag, re-
spectively. The error term et,j represents density-independent effects
(environmental variability) modeled as random numbers from a normal
distribution with mean 0 and a variance SD j


2. Fitting the Gompertz
model (Eq. (2)) to the centered time series −x xt j j, yielded Bayesian
estimates of a1,j, a2,j, and SDj (see the WinBUGS codes in Appendix B in
Supplementary Material for details).


Stenseth et al. (1996) assessed the order of the autoregressive model
by fitting the models to the gray-sided vole populations in Hokkaido
and demonstrated that the second order is parsimonious; in 93% of the
populations second or lower order was selected as the best model.


Population density depends on habitat quality. In a higher-quality
habitat, a population would be expected to show a higher mean po-
pulation density. When an equilibrium exists, it can be modeled as the
mean density xj in the Gompertz model (Fig. 1A), which equals the
natural logarithm of the geometric mean density on the original scale of
density. A population may stay at its equilibrium density if no pertur-
bation affects its population density. However, most environments are
variable, and a population may be forced to move from the equilibrium
by environmental variability (arrows away from the equilibrium). A
sustainable population never continues moving further from the equi-
librium, but rather displays a tendency to return to the equilibrium
(arrows toward the equilibrium). Such return tendency is defined as
density dependence. Therefore, apart from the effects of dispersal of
individuals from and to other populations, which we take as zero in the
present study, a population is limited by the equilibrium related to
habitat quality, is varied by environmental variability, and is regulated
by density dependence in general, although effects of density depen-
dence are not simple and can enhance the variability of population
dynamics, combined with environmental variability.


Royama (1977, 1992) used standard results from the statistical
theory of second-order autoregressive time series (e.g., Box and Jen-
kins, 1970, pp. 58–63) to analyze the relationship between fluctuation
patterns of population dynamics and the density-dependence coeffi-
cients a1 and a2 (Fig. 1B). Inside the triangle of Fig. 1B, assuming
SDj=0 (hence no environmental variability), the dynamics is either
point stability or damped fluctuations. Fluctuations will persist if any


stochasticity exists (SDj>0). In general, less variable populations show
parameters in the upper-right part (I) of the triangle (Bjørnstad et al.,
1995). Appendix G in Supplementary Material gives some new math-
ematical analysis of Taylor’s law for second-order autoregressive time
series.


2.4. Simulations


We carried out five simulations, called Fundamental simulation I,
Fundamental simulation II, Synchronized simulation, Parameter com-
bination simulation I, and Parameter combination simulation II. We
distinguish the observed values xt,j in Eq. (2) from the simulated values
yt,j in Eq. (3):


yt,j=(1+ a1,j)(yt-1,j− xj )+ a2,j(yt-2,j− xj )+ xj + et,j. (3)


Fig. 1. A schema of population dynamics represented by the closed Gompertz
model (Eq. 2, without dispersal between populations) and the relationship
between density dependence coefficients and fluctuation patterns. xt is the
natural logarithm of the Bayesian estimate of observed density Nt. (A) In the
closed Gompertz model, the equilibrium density is the mean density (x ) to
which a population returns. A population may be forced to move from the
equilibrium density by the environmental variability (arrows away from the
equilibrium), but a sustainable population has a tendency to return to the
equilibrium (arrows toward the equilibrium). Such a return tendency is defined
as density dependence. (B) Inside the triangle, the dynamics is either point
stability or damped fluctuations. A typical fluctuation pattern for each of the
four parameter regions is illustrated. The fluctuations will be persistent if any
level of stochasticity is present (Royama, 1992). The dynamics is cyclic on the
left side of 1 + a1= 0 or below the semicircle (Bjørnstad et al., 1995). The lines
given are contours representing the periodicity in a continuous fashion inside
the semicircle from the 3-year cycle (left-most) to 10-year cycle (right-most).
The outer line of the left side of the semicircle and the line separating the region
I and II represent the 2-year cycle. Dots in the triangle show parameter com-
binations of 1 + a1 and a2 that were simulated (see the main text for details).
Parameters outside the triangle lead to divergence (i.e., are parameters of an
unsustainable population). This figure is a modification of Fig. 3.2 in Box and
Jenkins (1970, p. 59), including the same semicircle and the same numbering of
quadrants.
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The initial two observed log-transformed values x1,j, x2,j were used
for the first two values (y1,j = x1,j and y2,j = x2,j) of each simulated
population. The state variable in all simulations was the centered log-
transformed population density −y xt j j, .


2.4.1. Fundamental simulations I and II
In the Fundamental simulation I, we used the population-specific


estimates of a1, j and a2,j and SDj corresponding to the 85 observed
populations and generated 85 time series spanning 31 years (yt,j). The
environmental variability et,j was assumed to be uncorrelated between
different years t and between any two populations. For each population
j separately, a primary et,j was given as independent and identically
distributed normal random numbers with mean 0 and variance SDj


2,
[Nt,j(0, SDj


2)]. Since the length of et,j was limited to 31 (years), the
mean and the SD of simulated environmental variability et,j were ac-
cidentally higher or lower than expected. To adjust the mean and the
SD, the primary et,j was then adjusted by the following equation: the
adjusted et,j = [the primary et,j – temporal mean(the primary e.,j)] ×
[SDj / temporal SD(the primary e.,j)]. The Fundamental simulations I
and II used the adjusted et,j as the simulated environmental variability.


One thousand data sets, each of which consisted of the 85 simulated
time series, were generated. The generated values were then trans-
formed back by exponentiation to the original scale of population
density, and temporal means and variances were computed on the
original scale of population density for tests of the temporal TL using
the OLS regression.


Some unrealistically high values for population densities were ob-
served in simulated time series of the Fundamental simulation I. A small
number of simulated values (0.52%) were higher than the maximum of
density estimates (–0.1955 on the loge scale, equivalent to 123.4 per
150 trap-nights in the original scale) for the observed populations. The
lowest simulated value was very close to that for the observed popu-
lations. Since those unrealistically high values caused higher variances
of population density in simulated time series, an upper limit was set in
the Fundamental simulation II. When a simulated value exceeded
–0.1955, that value was replaced with –0.1955. Other procedures of the
simulation were the same as those of the Fundamental simulation I. The
temporal TL was tested for each of 1000 simulations of 85 populations
using the OLS regression.


2.4.2. Synchronized simulations
To synchronize et, we first generated a fixed "baseline error" time


series et,0 of 31 independent and identically distributed normal random
numbers with mean 0 and variance 1. Then we generated 85 correlated
time series et,j, j=1, …, 85, of length 31 years (t=1, …, 31), using the
formula: primary et,j = ρ × et,0 + (1 – ρ2)1/2 × Nt,j(0, SDj


2), where
Nt,j(0, SDj


2) are independent and identically distributed normal random
numbers with mean 0 and variance SDj


2, and the primary et,j was re-
scaled as in the Fundamental simulations I and II: the adjusted et,j =
[the primary et,j – temporal mean(the primary e.,j)] × [SDj / temporal
SD(the primary e.,j)]. We tuned ρ to 0.69 so that the average correlation
among simulated time series (the range of the average correlations:
0.216–0.294) closely approximated the average correlation among the
observed populations (average correlation=0.277).


Other procedures of the simulation were the same as those of the
Fundamental simulation II. One thousand simulations of the 85 time
series were generated. The generated values were then transformed
back to the original scale of population density, and temporal means
and variances were computed on the original scale of population den-
sity for tests of the temporal TL using the OLS regression.


2.4.3. Parameter combination simulation I
We explored which combinations of the model parameters would be


more likely to generate prevailing slopes (1< b<2) by using the ob-
served mean densities (xj ) and various combinations of model para-
meters in the Fundamental simulation I (Eq. (3)). To each simulated set


of 85 time series spanning 31 years (yt,j), a specific set of the parameters
(a1, a2, and SD) was given in Parameter combination simulation I: 1 +
a1 ranged from –1.95 to 1.95 with the increment of 0.05, a2 ranged
from –0.975 to 0.975 with the increment of 0.05, and SD ranged from
0.05 to 2 with the increment of 0.05. The combinations of 1 + a1 and a2
were restricted to the range in which time series were sustainable, i.e.,
1600 combinations such that each point (1 + a1, a2) fell within the
triangle in Fig. 1B. Since simulations were carried out with 40 different
SDs for each combination of 1 + a1 and a2, 64,000 data sets of 31×85
yt,j were generated. For each data set, the OLS regression was used to
estimate the slope of the temporal TL.


2.4.4. Parameter combination simulation II
In all the above simulation analyses, an observed mean density was


given as the equilibrium density to each simulated time series. To ex-
tend the generality of those analyses, various hypothetical mean den-
sities mj were given as an equilibrium density to the Gompertz model in
Parameter combination simulation II:


kt,j = (1 + a1,j)(kt-1,j − mj) + a2,j(kt-2,j − mj) + mj + et,j, (4)


where mj was an equilibrium density of each time series. Here et,j was
drawn from a normal distribution with mean 0 and variance 1. The
following 16 values were given as standard mean densities per 150
trap-nights in the original scale for mj: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
50, 100, 200, 300, 400, and 500. To make the equilibrium densities
vary in the simulations, a normally distributed random number with
mean= a standard mean density and SD2=1 in the logarithmic scale
was given to each simulated time series as an equilibrium density. The
1600 combinations of 1 + a1 and a2 were the same as above, while the
range of SD was limited between 0.05 and 1 (20 cases), to reduce
calculation load. Then 85 time series spanning 31 years (kt,j) were
generated for each parameter combination, and
512,000= 1600×16×20 sets of 31×85 kt,j were obtained in total.
For each such set of simulated time series, the OLS regression was used
to estimate the slope of the temporal TL.


2.5. Cause and factors of Taylor’s law


Simulated time series are defined by three parameters (a1, a2, and
SD) and the equilibrium density (m). We examined how the variance
and the mean of density of the simulated times series were related to
those variables through multiple regression analyses with slope b of TL
as a response variable and with the parameters and the equilibrium
density as explanatory variables. All regressions were computed using
function "lm" in R version 3.4.3. The critical value for statistical sig-
nificance was always P= 0.05. We made no corrections for simulta-
neous inference (i.e., multiple tests of a null hypothesis of no effect),
hence approximately 5% of our apparently "significant" results could
have arisen by chance alone.


3. Results


3.1. Temporal Taylor’s laws


In comparison with our previous study, densities estimated in this
study were higher than those in Cohen and Saitoh (2016) in general
(Appendix A in Supplementary Material). Although both the mean and
the variance of density estimates were higher in this study, the variance
increased by more than the mean. Therefore, the slope of the temporal
TL, Eq. (1), became steeper (Fig. 2A): log10(variance)= 0.063 (± SE
0.133) + 1.943 (± SE 0.143) × log10(mean) (t=13.576, P < 2.0 ×
10−16, Adjusted R2= 0.686), while Cohen and Saitoh (2016) estimated
log10(variance)= 0.217 (± 0.124) + 1.613 (± 0.141) ×
log10(mean). The lower and upper limit of the 95% confidence interval
of the current estimate of the slope were 1.659 and 2.228, respectively.
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Because a quadratic regression revealed no statistically significant
evidence of nonlinearity (Appendix A in Supplementary Material), we
focus on the linear relationship henceforth. The 3570 pairs
(3570= 85×84/2) of vole populations had correlation coefficients of
population density that ranged from a low of –0.359 to a high of 0.886,
with a mean correlation of 0.277 ± 0.211 (SD).


The temporal TL described all 1000 data sets generated by the
Fundamental simulation I reasonably well (Adjusted R2: 0.542 – 0.824).
Their slopes ranged between 2.145 and 3.009 (mean=2.618,
SD=0.144, Fig. 2B). SEs of the slopes ranged between 0.145 and
0.233, and all SEs were smaller than 10% of the estimates of the slopes.
A very small number of slopes (7, 0.7%) were lower than the upper
limit of the 95% confidence interval of the slope estimate for the ob-
served populations. This means that the slopes of Fundamental Simu-
lation I were mostly too high when compared with the slope estimated
from observations. The overall mean of mean pairwise correlation
coefficients of population density for 1000 data sets was
0.007 ± 0.003 (SD), which was consistent with the independence be-
tween populations assumed in Fundamental simulation I.


The temporal TL described all 1000 data sets generated by the
Fundamental simulation II reasonably well (Adjusted R2: 0.485 –
0.767). Their slopes ranged between 1.899 and 2.568 (mean=2.278,
SD=0.107, Fig. 2C). SEs of the slopes ranged between 0.146 and
0.232, and 95% of SEs were smaller than 10% of the estimates of the
slopes. A considerable number of slopes (320, 32.0%) fell within the
95% confidence interval of the slope estimate for the observed popu-
lations. This means that the slopes of Fundamental Simulation II were
closer to the slope estimated from observations than were the slopes of
Fundamental Simulation I, but more than two-thirds of the slopes were
still too high. The overall mean of mean pairwise correlation coeffi-
cients of population density for 1000 data sets was 0.007 ± 0.003
(SD), not different from that in Fundamental simulation I.


The temporal TL described all 1000 Synchronized simulations rea-
sonably well (Adjusted R2: 0.424 – 0.766). Their slopes ranged between
1.756 and 2.642 (mean= 2.276, SD=0.112). SEs of the slopes ranged
between 0.147 and 0.223, and 95% of SEs were smaller than 10% of the
estimates of the slopes. A similar proportion of slopes (32.8%) were
included in the 95% confidence interval of the slope estimate for the
observed populations, in comparison with those in the Fundamental
simulation II. This means that more than two-thirds of the slopes were
still too high. The mean of pairwise correlation coefficients of popula-
tion density ranged between 0.117 and 0.517. The overall mean=
0.275 (n=1000) was close to the observed one (0.277). The SD of the
pairwise correlations of the simulated populations ranged between
0.198 and 0.288, and they were also close to that of the observed po-
pulations (0.211).


The slopes did not differ between data sets from Fundamental si-
mulation II (mean=2.278) and the Synchronized simulation
(mean= 2.276, Welch two sample t-test, t=0.282, P= 0.778), the
variance was also similar between Fundamental simulation II (0.011)
and the Synchronized simulation (0.012, F-test, F=0.909, P= 0.131).
No statistically significant difference in the proportion of the slopes that
were included in the 95% confidence interval of the slope estimate for
the observed populations was detected between the Fundamental si-
mulation II and the Synchronized simulation (Fisher’s exact test, P=
0.738).


3.2. Conditions for slopes 1< b<2


3.2.1. Parameter combination simulation I
We explored conditions of environmental variability and density


dependence that produced slopes 1< b<2, using the 64,000 data sets
in Parameter combination simulation I.


Slopes from the 64,000 data sets ranged between 0.539 and 3.529
(mean= 2.294, SD=0.247, Fig. 3A). SEs of the slopes ranged between
0.001 and 0.348, and 95% of SEs were smaller than 10% of the


Fig. 2. The temporal TL of observed populations (A) and frequency distribution
of slopes in the temporal TL of simulated data sets (B) and (C). (A) A scatter plot
of log10(temporal variance) as a function of log10(temporal mean) for observed
data sets of the log10 Bayesian estimate of population density Nt,j of 85 gray-
sided vole populations in Hokkaido, Japan in t=1962, …, 1992. The solid line
is the ordinary least-squares linear regression (OLS) of log10(variance) against
log10(mean). (B) Frequency distribution of slopes in the temporal TL for 1000
simulated data sets generated by Fundamental simulation I, accepting all si-
mulated population densities generated by the model. (C) Frequency distribu-
tion of slopes in the temporal TL for 1000 simulated data sets generated by
Fundamental simulation II, modifying unrealistically high values. A solid black
area indicates the simulated slopes that fell in the 95% CI of the observed
slopes.
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estimates of the slopes. Few of the time series (0.05%) showed slopes b
≤ 1, and 7035 time series (10.99%) showed slopes 1< b<2. Most
times series (88.96%) showed slopes exceeding 2.


Model parameters that produced slopes 1< b<2 were distributed
in a limited region (Fig. 3; Appendix D in Supplementary Material).
When SD was low, simulated time series showed higher probabilities
that their slopes fell in the prevailing range. The highest probability


(0.462) was observed when SD=0.10, and the probabilities for values
of SD from 0.05 to 0.20 were higher than 0.4 (Fig. 3D). That probability
drastically decreased as SD increased from SD=0.25 and fell below
0.01 as SD increased from SD=0.90 to 2.00. The number of data sets
with 1< b<2 amounted to 7005 for values of SD from 0.05 to 0.95,
which was 99.6% of the total number of the data sets with the pre-
vailing slopes. In the range of SD between 1 and 2, most data sets
(99.9%) showed slopes steeper than 2; the mean of the slopes was 2.362
with variance= 0.029. Data sets with lower SD from 0.05 to 0.95
showed a lower mean of slopes (2.219) with a higher variance (0.085;
Welch two sample t-test for the mean, t=74.351, P < 2 × 10-16, F-
test for the variance, F=2.899, P < 2×10−16).


Since the variation of slopes was small in the range of SD between 1
and 2, we focused on simulated data sets with lower SD between 0.05
and 0.95. Density dependence coefficients (1 + a1 and a2) showed a
roughly similar pattern for the probabilities that TL slopes fell in
1< b<2. A clear peak was found in the middle of the range (Fig. 3B
and C). The highest probability (0.420) was observed when 1 + a1 =
–0.1, while it was 0.424 when a2 was 0.175.


A multiple regression analysis focused on these simulated data sets
with SD between 0.05 and 0.95. Slope b was considered as a response
variable, while density dependence coefficients (1 + a1 and a2), en-
vironmental variability (SD) and their pairwise products were used as
explanatory variables (Table 1). All these explanatory variables and
their products contributed significantly to explain the variation of the
slope, and the full model showed a moderate goodness of fit
(R2= 0.480). Summarizing the results of this analysis, slopes became
steeper with the increase of SD and with the decrease of a1 and a2
(Appendix E in Supplementary Material).


For each combination of 1 + a1 and a2 and for SD between 0.05 and


Fig. 3. Frequency distribution of slopes b of the
temporal TL and the probability that each of
the three model parameters (a1, a2 and SD) of
the Gompertz model produced slopes of the
temporal TL in 1< b<2 in time series gener-
ated by Parameter combination simulation I
(see the main text for details). Each dataset
consisted of 85 simulated populations over 31
years. (A) Frequency distribution of 64,000
values of slope b (range: 0.539–3.529). A solid
black area indicates the simulated slopes in
1< b<2. (B) Data sets generated with SD
between 0.05 and 0.95 (n=32,000) in (B) and
(C) covered almost all variation of slopes. The
probability that a slope fell in 1< b<2 for 79
values of the density dependence coefficient
with 1-year lag (1 + a1) between –2 and +2
(n=32,000) peaked near (1 + a1)= 0. (C)
The probability that a slope fell in 1< b<2
for 40 values of the density dependence coef-
ficient with 2-year lag (a2) between –1 and +1
(n=32,000) peaked near a2= 0. (D) The
probability that a slope fell in 1< b<2 for 40
values of the environmental variability para-
meter (SD) covering the full range of SD be-
tween 0.05 and 2.00 (n=64,000) peaked near
the smallest simulated value of SD.


Table 1
Summary of the results of multiple regression analyses of the effects of en-
vironmental variability (SD) and density dependence (a1 and a2) on the slope b
of the temporal Taylor’s law using data sets generated by Parameter combi-
nation simulation I (see the main text). Although Parameter combination si-
mulation I generated 64,000 data sets, only the 32,000 data sets with lower
environmental variability [SD=0.05–1.00] were analyzed for this table. The
response variable was the slope, and explanatory variables were a1, a2, and SD.
The full model consisted of the three variables and all their multiplicative
products. The full model was selected as the best model by stepAIC.
PRC=partial regression coefficient, SE= standard error of estimate. The full
model: slope ∼ a1 + a2 + SD + a1:a2 + a1:SD + a2:SD + a1:a2:SD.


PRC SE t-value P-value


Intercept 1.907 0.003 618.74 < 2×10−16


a1 –0.512 0.006 –79.42 < 2×10−16


a2 –0.522 0.005 –97.81 < 2×10−16


SD 0.441 0.005 81.59 < 2×10−16


a1:a2 –0.482 0.009 –51.01 < 2×10−16


a1:SD 0.553 0.011 48.89 < 2×10−16


a2:SD 0.492 0.009 52.57 < 2×10−16


a1:a2:SD 0.464 0.017 27.96 < 2×10−16


F-statistic: 4006 on 7 and 30,392 DF, P-value:< 2×10−16, Adjusted R2: 0.480.
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0.95, the probability that slopes fell in 1< b<2 was higher near the
center of the triangle (Fig. 4), extending toward the upper-right. Most
observed populations of the gray-sided vole had values of 1 + a1 and a2
in this high-probability region.


3.2.2. Parameter combination simulation II
The effects of equilibrium densities on the temporal TL were ex-


amined in Parameter combination simulation II. Slopes of the 512,000
simulated data sets ranged between 1.680 and 2.556. SEs of the slopes
ranged between 0.003 and 0.147, and all SEs were smaller than 10% of
the estimates of the slopes. The number of the data sets with 1< b<2
was 123,494 (24.1%).


A multiple regression analysis, in which slope b was used as a re-
sponse variable and equilibrium densities (m), density dependence
coefficients (a1 and a2), environmental variability (SD) and their pair-
wise products were used as explanatory variables, showed a minor
contribution of equilibrium densities (Table 2; Appendix F in Supple-
mentary Material). Effects of equilibrium densities and related products
were not significant, and the selected model consisted of a1, a2, SD and
their pairwise products, without equilibrium densities and related
products.


4. Discussion


4.1. The Gompertz model


The Gompertz model has been known as a model that describes well
the dynamics of some populations, including the populations of gray-
sided voles in this study (Royama, 1977, 1992; Stenseth, 1999; Stenseth
et al., 1996, 2003). The Gompertz model has frequently been used to
characterize rodent populations and compare their population dy-
namics among localities or periods (e.g., Stenseth, 1999; Cornulier
et al., 2013).


Fundamental simulations I reproduced the form of the temporal TL,
but not the empirical slope (Fig. 2B). For some values of the simulated
mean, Fundamental simulation I gave an unusual simulated variance
that appeared to be far higher than the observed variance associated
with the observed mean that matched the simulated mean. The higher
variances were attributed to some unusually high values for population
densities in Fundamental simulation I. Unrealistic values of density,
which exceeded the maximum of density estimates per 150 trap-nights


in the original scale (123.4) for the observed populations, were ob-
served in 0.52% of simulated densities. Therefore, an upper limit was
introduced for simulated densities in the Fundamental simulation II: a
simulated density that exceeded the maximum density was replaced
with the maximum density. As a result, 32.0% of slopes in 1000 si-
mulated data sets were included in the 95% confidence interval of slope
estimates for the observed populations (Fig. 2C). The generation of
unrealistically high values is a methodological limitation of this study.


Slopes of the temporal TL in the Synchronized simulations were
very similar to the slopes of the temporal TL in the Fundamental si-
mulation II. The mean and the variance of slopes were similar (2.278
and 0.011 for the Fundamental simulation II, 2.276 and 0.012 for the
Synchronized simulation), and the percentage of slopes that were in-
cluded in the 95% confidence interval of slope estimates for the ob-
served populations differed little (32.0% for the Fundamental simula-
tion II, 32.8% for the Synchronized simulation). Therefore, synchrony
may not have major effects on the temporal TL of the studied popula-
tions.


The temporal TL can arise from the combination of environmental
variability and density dependence. It was unnecessary to assume
density dependent movements among populations for the studied po-
pulations at least. Such density dependent movements among popula-
tions have been considered sufficient conditions to produce the pre-
vailing slopes of TL (1< b<2) in earlier studies (Taylor and Taylor,
1977; Hanski, 1982; Perry, 1988). The mean geographic distance be-
tween the observed populations was 8.4 km (range: 3.6–22.7 km). The
mean home range length of the gray-sided vole in Hokkaido is 16.3 m
(range: 10–40) for females and 32.7 m (10–65) for males, and the
longest natal dispersal distance was recorded in young males (n=46)
with median 103.5 m, inter-quartile range 56.9–135.0m (Ishibashi and
Saitoh, 2008). It is, therefore, implausible to assume that gray-sided
voles frequently moved between the observed populations (see also
Bjørnstad et al., 1999). Consequently we argue that the observed tem-
poral TL may be formed by density dependence, environmental varia-
bility, and their interactive products.


However, this study does not deny the effects of density dependent
movements on slopes of the temporal TL in other ecological systems.
Some reports showed density dependent dispersal and long distance
reaching several kilometers in arvicoline rodents, although the effects
of density on dispersal are not simple; more reports show negative
density dependent movements than show positive density dependent


Fig. 4. The relationship between slope (b) and density dependent coefficients
(a1 and a2) in Parameter combination simulation I. The shading of each cell
indicates the probability that simulated data sets had slope 1< b<2 for each
combination of density dependent coefficients (a1 and a2) within the triangle in
the range of SD between 0 and 1. Lighter shading shows higher probability.
Observed populations of the Hokkaido vole are illustrated by circles (n = 85).
They are scattered in the lighter area. See the caption of Fig. 1 for details.


Table 2
Summary of the results of multiple regression analyses of the effects of mean
density (m), density dependence (a1 and a2), and environmental variability (SD)
on the slope of the temporal Taylor’s law using 512,000 data sets generated by
Parameter combination simulation II (see the main text). The response variable
was the slope, and the explanatory variables were m, a1, a2, and SD. The model
consisted of the four variables and their pairwise interactions. Model selection
was done by stepAIC. PRC=partial regression coefficient, SE= standard error
of estimate. The primary model: slope ∼ m + a1 + a2 + SD + m:a1 + m:a2 +
m:SD + a1:a2 + a1:SD + a2:SD.


PRC SE t-value P-value


Intercept 1.989 0.0003 6364.8 < 2×10−16


m 7.75× 10−7 1.51× 10−6 0.513 0.608
a1 –0.024 0.0004 –66.64 < 2×10−16


a2 –0.022 0.0005 –45.21 < 2×10−16


SD 0.109 0.0005 211.83 < 2×10−16


m:a1 –6.03× 10−8 8.43× 10−7 –0.072 0.943
m:a2 4.43× 10−7 1.46× 10−6 0.303 0.762
m:SD –1.17× 10−6 2.39× 10−6 –0.491 0.623
a1:a2 –0.034 0.0004 –84.914 < 2×10−16


a1:SD 0.0004 0.0005 0.978 0.328
a2:SD –0.080 0.0008 –102.23 < 2×10−16


F-statistic: 23,500 on 10 and 511,989 DF, P-value<2×10−16, Adjusted R2:
0.315.
The model selected by AIC: slope ∼ a1 + a2 + SD + a1:a2 + a2:SD.
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movements (Le Galliard et al., 2012). In addition, mobile predators that
travel long distance influence features of dynamics in populations and
may make a correlation among populations that do not directly interact
by movements (e.g., Ims and Andreassen, 2000). As a result, they could
moderate or exaggerate the variance of population density. Compara-
tive studies covering various systems are needed to test these effects.


4.2. Cause and processes of the temporal TL formation


By giving the Gompertz model various combinations of model
parameters, we explored causes and processes of temporal TL forma-
tion.


The multiple regression analysis based on Parameter combination
simulation I, in which the slope was a response variable and density
dependence coefficients (a1 and a2), environmental variability (SD) and
their products were explanatory variables, showed that those variables
significantly contributed to explaining the variation of the slope, and
that slopes became steeper with the increase of SD and with the de-
crease of a1 and a2 (Table 1). The effects of another variable included in
the Gompertz model, equilibrium density, were tested in Parameter
combination simulation II, in which equilibrium densities ranged be-
tween 2 and 500 per 150 trap-nights in the natural scale. Although all
sets of time series satisfied the form of the temporal TL, equilibrium
densities had no significant effects on slopes (Table 2). These results
indicate that environmental variability (SD), density dependence coef-
ficients (a1 and a2), and their products sufficed to explain the slopes in
the temporal TL.


A closed population (without significant dispersal in or out) is
limited by habitat quality (limitation), is perturbed by environmental
variability, and is regulated by density dependence (regulation) in
general (Fig. 1A). Environmental variability is a major source for the
variance of population density in our model, although effects of density
dependence also contribute to the variability of population density.
Environmental variability, represented by the error term (et) in our
model, moves population density away from the equilibrium density.
Since the error term is modeled by a normal distribution with mean
equal to 0 and a variance SD2, environmental variability provides
symmetric effects above and below the equilibrium density on the log
scale of density (Fig. 1A). Therefore, higher environmental variability
generates higher variances of population density xt on the log scale of
density without altering the mean density (x ) on the log scale. How-
ever, the effects of environmental variability are asymmetric above and
below the equilibrium density in the original scale of population den-
sity (Nt). The effects of environmental variability are unlimited above
the equilibrium density but are limited below the equilibrium density
because Nt does not take a negative value. Therefore, higher environ-
mental variability generates higher variability of populations and
higher mean density (N ) on the natural scale of population density, and
the temporal TL can be formed on the natural scale of population
density. Our simulated environmental variability is normally dis-
tributed on the logarithmic scale or lognormally distributed on the
original scale of density. It is well known that the mean of a lognormal
random variable increases with any increase, on the logarithmic scale,
in either its mean or its variance or both. The Supplementary Discussion
of Tippett and Cohen (2016) describes several ways the lognormal
distribution can generate TL with different slopes.


Density dependence together with the interaction with environ-
mental variability also influences the variability of populations and
may contribute to the temporal TL formation through a process similar
to environmental variability. In our model, equilibrium densities on the
log scale of density do not affect the temporal variance of density, al-
though equilibrium density influences the mean density on the original
scale of density.


Taylor’s law asserts that the variance in the population density is a
power-law function of its mean population density. It implies that the
variation of variances could be explained by, or at least is associated
with, the variation of means. Although Taylor (1961) originally ad-
vocated the spatial TL, Taylor and Woiwod (1980) postulated a similar
power-law association for both the temporal and the spatial TL; “we
further conclude that the environmental effect is primarily on mean
density which, in turn controls stability through behaviour, i.e. by
movement”. Although this causal relationship is not denied by the re-
sults of this study, the Gompertz model shows another path that pro-
duces the temporal TL: environmental variability generates the varia-
bility of populations, and the asymmetric effect of population
variability above and below the equilibrium density causes the change
in the mean of population density on the natural scale.


4.3. Prevalence of the temporal TL


All simulated data sets in this study satisfied the form of the tem-
poral TL. The model parameters used by those simulations covered
most of the possible range of density dependence coefficients (1 + a1
and a2) for sustainable populations. Conversely, we conclude that most
populations that obey the Gompertz model are expected to satisfy the
form of the temporal TL if they are sustainable. Unsustainable popu-
lations may be members of a metapopulation in which local populations
repeat extinction and colonization. Since those populations may have
higher variances of population density than sustainable populations,
their slopes of the temporal TL may be steeper than slopes of sustain-
able populations if they satisfy the temporal TL.


4.4. Range of slopes


Slopes of the temporal TL in data sets generated by Parameter
combination simulation I ranged between 0.539 and 3.529 (Fig. 3A).
Relatively few (7035; 10.99%) of the time series showed 1< b<2.
Slopes became lower with the decrease of environmental variability
and the increase of density dependence coefficients (Table 1). Since
very negative values of density dependence coefficients (a1 and a2)
cause higher variability of population density (Royama, 1992; Stenseth,
1999), slopes became lower in less variable populations. In the least
variable populations in simulated data sets, for which SDj was lowest
and density dependence coefficients were located on the edge of the
stable region (Fig. 4), the mean slope was 1.000 (SD=0.392, n=36).
In these simulations, very few simulated data sets had slopes smaller
than 1 (0.05%). The variance and the mean of population density on the
original scale increase with the increase of the variability of log po-
pulations in the Gompertz model, but the rate of increase of the var-
iance is higher than that of mean. As a consequence, slopes become
steeper than one with the increase of the variability of log populations
in the Gompertz model.


The limit of the variability of populations derived from density
dependence is well defined in the Gompertz model, but the variability
of populations derived from environmental variability is theoretically
unlimited. Therefore, it is impossible to determine the steepest possible
slope of the temporal TL based on the approach of this study. In this
study, we tested effects of SD in the range between 0.05 and 2.00. The
range of slopes in this simulation was between 0.539 and 3.529
(Fig. 3A), and this range was observed when SD ranged between 0.05
and 0.95. When SD was equal to or higher than 1, the slopes narrowed
into the range between 1.890 and 2.894.


Simulations of the Gompertz model could not explain why most
observed slopes are lower than 2. However, this study clarified which
parameter combinations produced 1< b<2 (Fig. 3 and Appendix D in
Supplementary Material). When plotting that probability for each
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combination of a1 and a2, with SD between 0.05 and 1.00, a higher
probability region was found near the center of the triangle (Fig. 4),
extending upper-right. Most values of a1 and a2 of the observed popu-
lations were included in this high-probability region. In the parameter
estimates based on observed population, the range of 1 + a1 was
[−0.505, 0.718], and the range of a2 was [−0.651, 0.521] (Fig. 4).
Conversely, a low slope of the temporal TL indicates density dependent
populations with density dependence coefficients in the right upper
region of the triangle and with low environmental variability.


Taylor and Woiwod (1980) tested the temporal TL for many species
of moths (n=263), aphids (n = 97), and birds (n = 84). The mean
slope (range) of the temporal TL was 1.55 (1.05–1.98) for moths, 1.99
(1.06–2.51) for aphids, and 1.30 (0.08–1.97) for birds. Additionally,
Linnerud et al. (2013) reported slopes of the temporal TL for bird po-
pulations (n= 30). The mean slope (range) of the temporal TL was 1.49
(0.69–2.24). Samples of moths were collected in various environments
of Great Britain and birds were observed in forests, whereas aphid
samples came from open agricultural land (Taylor et al., 1980). Since
an agricultural ecosystem changes greatly between cultivation and non-
cultivation seasons, populations living there may repeat extinction and
colonization. Since aphids inhabit those habitats, they may suffer
higher environmental variability than moths, birds, and gray-sided
voles. Therefore, differences in slopes of the temporal TL may reflect
differences in features of population dynamics. This relationship be-
tween the temporal TL and features of population dynamics supports
the suggestion of Linnerud et al. (2013) that the interspecific differ-
ences in slopes of the temporal TL can mainly be explained by effects of
life history variation because environmental variability and the degree
of density dependence should reflect the life history of species.


4.5. Conclusions


This study is the first to simulate extensively the effects of the model
parameters (density dependence coefficients, environmental varia-
bility, and equilibrium density) of the Gompertz model on the temporal
TL. Based on our simulations, we have reached the following conclu-
sions:


1 Most closed populations that obey the Gompertz model without
dispersal between populations could satisfy the form of the temporal
TL if they are sustainable.


2 The variability of populations derived from environmental varia-
bility and density dependence on the log scale contributes to the
temporal TL. Those factors can explain, at least partially, why
1< b<2 in the temporal TL, without assuming the presence of
density-dependent movement.


3 Slopes of the temporal TL become steeper (b increases) with the
increase of environmental variability (SD in the Gompertz model)
and with the decrease of density dependence coefficients. When
environmental variability is low and density dependence is medium,
the probability that TL slopes fall in 1< b<2 becomes higher. But
the probability is not so high, according to Fig. 3B–D: the maximum
probability for 1 + a1 was 0.420, and the maximum for a2 was
0.424 when SD is lower than 1.


4 The slope b may indicate features of population dynamics. Most
populations that obey the Gompertz model with slopes between 1
and 2 may experience low environmental variability, and the degree
of their density dependence may be intermediate.


5 This study did not investigate unsustainable populations and whe-
ther they are consistent with a temporal TL. Theoretical and em-
pirical research attacking this question should contribute to under-
standing the range of TL slopes. In addition, extensive model
analyses on the spatial TL are also promising. Parallel empirical,
computational, and mathematical analyses of other nonlinear


population models, such as the Ricker model commonly used in
fisheries, would illuminate the robustness and generality of our
conclusions here about the Gompertz model.
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		1980		60		3		13		6		7		1		4		3		6		3		9		12		4		36		4		5		32		0		2		6		2		2		0		4		22		25		5		12		6		19		3		4		0		1		0		0		6		6		12		5		5		1		21		2		9		1		13		12		8		9		18		3		4		4		4		2		0		0		0		2		0		4		4		0		8		3		25		25		13		12		7		7		9		2		7		4		5		6		6		6		7		7		18		54		24

		

		1981		85		17		47		19		24		12		11		9		31		27		27		87		29		57		31		17		43		13		15		38		15		22		7		5		45		101		7		22		32		1		9		7		7		9		0		8		13		23		40		48		20		16		21		48		1		1		41		40		10		6		4		8		3		7		9		11		1		0		8		2		13		24		13		7		13		16		37		17		55		18		9		10		1		6		24		3		11		4		5		6		3		0		0		103		13

		

		1982		29		5		48		10		14		8		7		16		15		6		28		46		9		72		27		23		44		1		16		15		7		16		38		11		2		24		19		18		42		38		5		13		6		62		7		29		55		20		57		3		11		3		6		28		18		3		46		18		30		25		39		17		28		5		6		3		24		11		34		38		36		65		28		24		69		8		32		69		31		18		8		11		5		9		27		5		13		2		19		28		9		11		1		201		28

		

		1983		44		8		12		8		21		2		7		3		0		16		28		33		31		31		38		18		74		3		13		8		4		9		7		4		10		44		3		10		5		8		20		6		9		4		1		2		1		1		7		2		2		15		1		19		21		5		11		28		28		31		32		16		33		9		13		10		10		2		21		19		64		16		21		26		30		22		23		62		26		10		9		18		11		26		13		7		12		9		27		19		3		10		14		132		7

		

		1984		26		0		7		0		3		1		2		0		0		3		1		0		0		42		11		1		24		4		7		5		1		1		4		2		1		6		1		2		2		0		0		0		43		0		0		0		1		5		9		0		1		5		1		2		0		0		5		0		1		4		8		0		9		1		1		2		3		1		1		0		0		1		0		1		0		3		5		4		12		0		1		4		2		2		5		0		5		3		14		9		7		1		3		69		18

		

		1985		108		10		44		8		19		12		26		11		5		46		32		56		15		13		12		25		35		3		3		35		11		14		21		9		3		11		17		35		47		30		6		2		34		10		4		8		4		11		14		13		5		14		0		3		0		1		8		8		6		0		1		0		7		3		7		0		1		0		1		9		1		10		18		5		10		17		62		52		12		6		3		2		3		1		9		1		6		7		14		15		6		8		0		122		5

		

		1986		9		3		6		2		6		3		15		15		6		39		49		34		33		40		13		6		14		7		4		40		17		16		29		22		8		26		16		8		61		43		1		6		34		17		9		17		52		22		18		8		5		10		4		4		3		4		102		58		42		4		7		0		13		3		4		28		11		5		8		16		22		26		30		10		12		20		52		62		15		26		2		7		11		18		7		12		20		18		34		30		27		15		3		152		22

		

		1987		18		0		3		4		0		0		1		0		0		0		0		0		0		5		13		22		1		0		1		1		0		0		0		0		1		0		0		0		4		0		2		2		0		0		0		0		0		0		0		1		0		0		0		1		0		2		0		2		0		7		8		3		1		0		0		0		0		0		3		0		2		1		0		0		1		0		4		4		1		1		5		1		3		10		6		1		12		2		3		0		0		11		12		45		0

		

		1988		71		10		21		14		8		10		6		11		7		12		29		8		49		3		7		26		9		0		1		4		6		17		10		2		29		32		13		16		47		45		4		2		35		0		2		0		24		28		13		10		17		4		1		9		22		19		52		49		32		29		21		3		15		3		8		1		3		2		9		7		10		11		12		29		19		7		7		4		2		0		9		6		9		4		3		0		8		4		9		1		4		21		23		42		4

		

		1989		10		7		11		1		16		21		15		6		16		19		17		22		35		4		23		20		43		12		2		14		8		13		0		4		10		18		9		7		18		24		2		1		47		3		9		16		19		22		42		24		16		21		5		28		0		0		38		8		7		4		1		1		0		0		8		1		2		15		0		9		12		15		9		27		4		15		21		28		31		13		13		5		14		2		3		4		7		5		1		2		0		5		5		95		0

		

		1990		25		6		0		6		1		0		3		3		1		0		2		3		0		15		9		8		7		0		3		5		6		11		0		0		0		2		3		0		0		5		0		2		13		0		0		0		3		0		4		1		3		20		15		10		5		8		0		30		37		2		2		0		4		1		1		0		0		0		2		3		10		5		4		1		0		10		2		0		1		4		4		0		13		0		14		6		2		7		5		2		4		5		7		43		2

		

		1991		16		6		4		16		2		1		0		0		0		9		0		1		2		9		10		14		7		2		0		2		2		3		0		0		0		5		0		0		0		0		15		4		10		0		0		0		0		0		0		0		0		6		1		1		1		0		2		15		32		3		9		2		8		0		2		0		0		0		2		3		11		1		0		0		2		3		2		0		5		2		1		15		10		4		5		1		8		5		0		1		2		5		5		33		12

		

		1992		6		4		2		0		2		1		2		1		1		4		0		2		3		11		9		11		7		4		0		3		4		2		0		0		0		15		3		1		11		2		6		7		11		0		1		0		0		4		6		0		0		4		4		1		4		0		10		1		6		1		19		5		5		0		0		0		0		1		5		2		1		0		0		0		2		1		6		4		0		2		0		1		10		2		7		0		11		4		4		3		4		6		10		14		4




		year		Crb101		Crb201		Crb202		Crb203		Crb205		Crb301		Crb302		Crb303		Crb304		Crb401		Crb402		Crb403		Crb404		Crb501		Crb502		Crb503		Crb504		Crb601		Crb602		Crb603		Crb604		Crb605		Crb607		Crb701		Crb702		Crb703		Crb704		Crb705		Crb801		Crb802		Crb901		Crb902		Crb903		Crb1001		Crb1002		Crb1003		Crb1005		Crb1006		Crb1101		Crb1104		Crb1105		Crb1202		Crb1203		Crb1204		Crb1301		Crb1302		Crb1304		Crb1401		Crb1402		Crb1501		Crb1503		Crb1601		Crb1602		Crb1603		Crb1604		Crb1605		Crb1701		Crb1703		Crb1801		Crb1803		Crb1901		Crb1903		Crb1904		Crb1905		Crb1906		Crb2001		Crb2002		Crb2003		Crb2004		Crb2005		Crb2201		Crb2202		Crb2203		Crb2204		Crb2301		Crb2302		Crb2303		Crb2304		Crb2401		Crb2403		Crb2404		Crb2405		Crb2406		Crb2501		Crb2502

		

		1962		703		488		926		482		446		465		485		463		465		480		960		948		467		458		500		1000		1420		472		491		852		487		932		921		490		434		487		477		462		921		939		436		938		865		914		428		482		937		934		960		487		492		487		479		491		457		500		958		1443		978		945		971		471		1390		484		957		455		226		495		466		980		907		478		457		461		463		1178		489		493		495		959		490		965		437		440		1343		435		463		433		944		921		499		471		451		953		487

		

		1963		1245		492		991		498		488		493		500		500		490		498		975		1000		492		491		492		1000		1500		485		491		963		499		494		997		498		486		500		495		499		991		995		494		947		954		990		491		498		995		1000		998		500		496		492		500		500		489		491		733		1486		963		991		977		927		1458		497		989		486		500		744		499		1000		975		498		496		498		495		1489		498		498		496		997		498		988		495		497		1202		498		487		485		988		732		498		495		484		993		495

		

		1964		1682		486		935		496		473		474		465		494		466		488		942		960		458		486		477		967		1500		482		486		848		486		975		957		496		489		492		466		480		938		958		460		960		944		909		451		488		937		846		943		483		476		498		483		486		484		488		462		1489		1485		744		999		441		1463		481		984		483		500		727		945		992		956		464		487		396		473		1176		477		491		491		977		242		984		484		485		1239		469		487		479		980		719		484		478		484		971		491

		

		1965		1495		499		500		500		500		495		495		494		473		500		950		976		485		484		500		984		1499		489		496		936		489		974		991		497		469		495		484		498		991		995		488		984		961		736		492		493		1000		970		999		500		499		500		500		499		484		500		496		1458		1232		726		999		459		1488		488		983		495		479		749		956		990		967		473		500		500		480		1485		492		490		500		977		468		969		464		489		1458		479		457		478		986		941		477		473		481		967		490

		

		1966		1990		494		983		500		454		476		480		493		474		493		982		976		480		471		499		992		1494		453		484		952		466		497		983		477		422		471		481		473		982		941		455		956		923		968		488		489		1000		973		934		494		482		496		498		496		461		500		941		1441		1452		994		982		462		1479		483		970		492		471		1000		938		500		973		463		494		500		479		1498		499		497		497		990		485		924		488		471		975		451		478		470		970		931		426		468		485		980		494

		

		1967		1965		494		906		500		494		488		487		484		467		481		981		958		432		490		486		487		952		464		457		805		453		492		964		458		466		498		437		475		979		945		468		941		948		950		500		488		957		959		1406		468		499		488		472		478		460		500		874		1469		1495		962		1424		420		1489		475		954		499		494		1000		965		497		980		480		483		493		475		1490		493		489		480		965		470		925		436		432		977		447		468		460		973		916		432		485		448		979		477

		

		1968		1497		499		497		500		498		498		494		498		500		500		993		980		485		497		492		496		1490		489		499		981		496		500		988		498		490		500		484		494		1000		1000		498		977		1456		995		498		494		998		990		982		497		490		497		496		498		464		498		986		1489		1495		977		967		474		1462		487		992		499		480		490		490		493		933		491		486		500		493		1444		494		988		495		998		496		984		488		497		993		490		487		490		985		994		494		495		494		1000		499

		

		1969		1467		925		1893		990		887		988		884		984		941		498		1936		1423		962		990		961		919		1933		959		959		1945		899		972		1472		910		882		1443		881		945		1454		1368		989		1824		2304		1821		935		961		1730		1914		1896		938		968		997		976		992		954		997		1949		2904		2427		1452		1919		707		2162		483		1924		733		972		943		963		967		1897		943		931		488		964		1236		971		1887		971		1973		494		1676		943		483		1986		486		492		491		1677		1697		475		491		956		1983		488

		

		1970		749		241		746		499		469		500		245		248		247		240		485		676		240		686		478		250		997		491		475		947		191		246		487		701		432		927		687		237		470		487		448		936		944		723		248		248		718		479		954		467		499		249		249		244		467		459		928		1230		1229		724		480		440		1175		500		730		478		484		722		493		495		975		493		493		482		493		963		495		720		491		976		476		937		482		475		929		244		224		244		910		709		240		231		226		989		234

		

		1971		750		488		491		496		495		246		248		483		246		245		746		724		247		733		492		241		995		482		473		950		464		493		464		474		682		696		414		237		486		239		482		918		888		899		446		465		662		699		898		439		474		248		247		236		428		467		921		1179		1187		740		722		456		1192		487		723		473		424		700		485		496		929		440		451		479		455		467		232		472		482		456		486		983		238		243		981		250		238		248		1206		1184		482		229		475		990		247

		

		1972		747		235		473		478		484		249		240		499		250		249		494		728		246		750		495		248		984		250		493		735		487		247		480		478		714		735		493		245		498		250		481		930		952		993		492		496		744		738		729		250		496		250		248		240		424		461		968		1218		1230		487		963		486		723		481		493		489		486		729		496		495		923		474		482		490		472		486		246		489		493		483		459		704		239		224		724		232		246		245		468		479		245		226		248		995		249

		

		1973		744		245		485		478		497		250		244		494		242		498		491		731		236		748		495		248		997		489		476		976		494		244		498		498		688		744		484		197		496		239		235		955		928		967		460		486		717		728		972		489		495		239		246		246		460		477		949		716		1183		731		963		241		972		242		498		497		476		465		477		497		927		467		492		491		476		477		246		493		483		492		496		489		494		234		748		246		249		246		493		482		245		237		246		999		250

		

		1974		736		248		497		499		247		246		240		492		249		497		976		721		241		729		432		236		984		477		492		945		472		242		461		230		887		730		227		230		491		440		242		940		937		1193		467		487		694		736		917		237		494		250		247		248		438		396		987		959		985		732		926		244		945		230		457		468		484		459		484		242		980		496		486		494		485		474		472		245		248		487		465		721		462		431		468		221		243		233		938		654		223		234		225		956		247

		

		1975		735		234		478		247		237		243		237		250		241		497		983		741		250		735		246		241		983		250		488		739		473		244		488		250		996		994		246		244		495		475		246		987		985		994		494		490		708		727		958		239		494		250		248		250		487		452		970		487		481		735		966		241		955		248		471		489		480		418		490		246		987		492		492		495		492		490		244		250		241		496		494		707		478		488		490		248		247		236		965		725		242		244		498		995		250

		

		1976		729		234		496		244		231		238		241		238		241		481		935		707		249		496		487		249		992		237		468		732		484		246		441		230		981		965		227		230		491		699		248		941		972		686		473		474		474		692		911		243		247		497		249		249		470		424		929		486		465		718		933		239		858		249		469		466		467		403		460		242		917		450		451		475		458		456		240		249		230		485		457		659		464		454		462		234		237		241		723		481		242		243		245		979		247

		

		1977		441		134		286		142		150		147		148		140		148		300		572		585		149		300		300		142		596		140		280		288		144		296		291		147		446		593		142		138		299		446		149		590		441		440		146		147		294		295		283		150		149		300		300		150		285		296		587		293		294		448		592		147		588		141		296		295		286		287		284		148		596		282		297		300		294		298		150		148		148		296		288		437		292		281		285		148		148		148		292		292		147		150		138		600		149

		

		1978		714		136		423		133		143		144		145		139		148		297		429		578		149		299		287		132		594		133		133		276		141		278		272		145		440		450		146		286		295		443		147		566		418		282		147		130		289		284		283		150		298		300		300		150		257		245		571		429		413		300		548		143		571		134		292		288		293		289		273		144		433		277		287		282		298		295		150		150		150		279		283		415		288		274		287		144		149		145		274		292		149		142		145		592		147

		

		1979		733		140		435		145		138		142		130		146		138		296		428		576		140		298		300		141		582		132		144		298		150		294		277		147		286		579		138		267		293		435		150		407		395		278		146		139		288		292		286		150		149		298		298		150		138		146		289		439		445		298		585		150		411		139		280		140		300		275		297		143		285		282		278		284		284		298		142		281		134		276		287		291		293		287		273		147		148		146		290		288		143		144		146		583		147

		

		1980		737		137		426		142		135		145		133		143		136		287		387		544		126		297		290		144		439		145		147		291		147		280		128		145		281		525		128		259		282		421		144		268		277		260		138		127		281		288		284		141		137		149		150		150		134		138		266		399		425		294		557		136		426		140		285		141		286		293		264		121		282		276		285		283		278		290		126		295		132		279		287		292		283		293		265		143		143		149		276		289		138		142		143		585		142

		

		1981		717		140		441		146		144		135		136		142		140		287		368		524		148		278		289		147		443		146		143		280		144		265		144		140		270		593		145		271		290		283		144		289		294		275		145		136		297		290		257		150		143		150		150		149		144		139		292		426		423		297		283		128		391		148		284		140		288		300		281		143		263		289		272		281		290		276		136		294		142		292		266		278		294		279		267		143		144		144		274		279		146		129		141		573		132

		

		1982		734		147		444		143		133		139		144		143		139		288		407		567		285		283		282		148		263		141		139		273		138		272		136		144		134		282		143		128		288		275		147		275		284		274		132		150		296		283		272		140		149		150		150		148		137		125		296		424		403		291		276		141		375		141		258		138		266		300		227		141		264		300		272		287		286		299		144		289		134		294		274		271		270		287		258		144		138		131		274		287		143		133		145		576		139

		

		1983		740		139		434		146		130		140		136		140		143		292		412		536		264		300		297		146		401		143		138		279		134		269		282		140		131		279		146		139		278		263		140		282		431		265		134		149		280		284		274		139		120		150		150		148		126		133		271		412		398		295		265		140		393		137		265		131		279		300		254		144		286		292		277		284		286		291		128		294		145		294		283		277		278		297		277		143		145		147		284		297		148		136		139		591		140

		

		1984		745		149		446		150		150		147		147		146		148		297		445		594		298		150		299		148		292		145		150		287		144		271		286		148		148		294		148		146		298		292		149		298		432		298		149		150		295		283		272		140		136		150		149		146		145		144		282		432		440		299		287		148		415		144		291		140		295		292		295		148		286		295		291		296		296		298		150		299		150		300		293		292		273		290		276		147		142		142		289		298		145		136		136		596		149

		

		1985		735		139		444		150		146		129		134		129		120		292		423		527		408		145		288		141		296		134		144		253		139		262		275		147		123		277		143		142		290		241		147		282		421		277		121		136		220		262		244		128		133		150		145		147		118		128		288		292		372		300		281		143		376		135		268		144		110		147		272		137		243		286		276		283		266		291		147		297		150		279		281		252		269		270		269		140		150		133		276		283		131		144		142		583		142

		

		1986		745		141		450		150		144		136		145		142		138		294		419		560		437		137		296		147		298		118		132		258		145		255		282		146		139		284		141		148		275		245		142		247		424		271		118		150		284		271		275		138		122		150		149		150		107		98		265		373		390		299		281		148		313		133		264		120		122		133		256		144		257		254		268		276		278		281		143		300		141		281		277		241		274		246		271		132		133		133		271		290		133		138		141		581		136

		

		1987		593		147		442		147		147		150		143		150		150		298		448		449		450		150		150		283		291		145		147		294		150		300		298		149		149		300		148		147		299		300		150		280		433		150		150		150		299		294		300		150		149		150		150		149		150		150		300		440		445		298		289		149		300		150		300		150		148		150		150		148		296		294		298		299		290		299		150		300		150		298		283		293		295		297		298		150		148		150		300		300		146		143		141		596		149

		

		1988		557		142		299		146		144		129		121		134		115		123		427		346		439		146		148		261		282		122		144		188		111		230		117		131		127		264		113		141		282		232		143		147		361		144		130		117		270		249		238		143		142		150		146		150		112		134		218		348		377		256		259		145		243		143		273		134		100		91		131		123		137		290		282		289		268		280		139		297		144		141		268		279		274		138		132		132		138		138		286		141		135		119		123		579		140

		

		1989		600		149		300		148		149		142		146		142		147		124		414		444		441		148		144		291		282		144		106		140		141		147		143		139		140		294		149		149		300		291		147		147		263		144		144		150		295		295		294		145		145		150		150		150		147		287		294		434		290		139		291		148		279		150		291		144		142		141		145		148		150		290		287		265		284		150		141		300		150		149		288		289		291		142		143		142		145		143		136		143		148		145		145		588		146

		

		1990		587		143		287		148		134		143		143		143		143		146		145		144		143		144		144		256		271		124		124		139		148		148		135		143		135		275		135		147		291		273		137		129		247		119		134		144		134		142		279		139		135		148		150		150		114		263		245		374		240		130		278		141		252		150		298		146		131		149		145		150		145		292		283		265		281		294		147		150		150		149		134		295		295		147		128		143		132		135		149		139		144		145		145		588		118

		

		1991		450		139		295		142		139		137		140		129		126		141		147		146		148		150		140		281		294		136		139		140		146		145		148		136		137		287		136		140		300		296		132		141		283		143		130		147		136		148		267		146		144		150		150		150		128		291		284		387		425		143		288		150		280		133		280		136		146		148		148		150		146		142		285		140		261		274		148		149		142		146		141		126		298		135		142		148		140		141		148		146		146		143		144		589		137

		

		1992		448		147		299		146		146		148		149		148		145		147		149		149		150		150		150		299		291		126		132		145		148		148		140		141		145		274		142		144		287		278		148		125		283		136		136		129		148		144		280		144		143		150		148		150		139		287		280		362		417		145		288		144		278		132		272		136		149		148		143		150		150		149		292		147		297		292		141		149		150		150		146		147		293		147		140		146		141		147		148		147		145		150		150		283		142




		year		Crb101		Crb201		Crb202		Crb203		Crb205		Crb301		Crb302		Crb303		Crb304		Crb401		Crb402		Crb403		Crb404		Crb501		Crb502		Crb503		Crb504		Crb601		Crb602		Crb603		Crb604		Crb605		Crb607		Crb701		Crb702		Crb703		Crb704		Crb705		Crb801		Crb802		Crb901		Crb902		Crb903		Crb1001		Crb1002		Crb1003		Crb1005		Crb1006		Crb1101		Crb1104		Crb1105		Crb1202		Crb1203		Crb1204		Crb1301		Crb1302		Crb1304		Crb1401		Crb1402		Crb1501		Crb1503		Crb1601		Crb1602		Crb1603		Crb1604		Crb1605		Crb1701		Crb1703		Crb1801		Crb1803		Crb1901		Crb1903		Crb1904		Crb1905		Crb1906		Crb2001		Crb2002		Crb2003		Crb2004		Crb2005		Crb2201		Crb2202		Crb2203		Crb2204		Crb2301		Crb2302		Crb2303		Crb2304		Crb2401		Crb2403		Crb2404		Crb2405		Crb2406		Crb2501		Crb2502

		

		1962		-2.424651565		-3.5872096		-3.208417459		-2.145589908		-3.068935384		-4.742450854		-5.742846833		-2.36402625		-4.220966145		-3.831169208		-3.377026915		-3.104466176		-2.849971967		-2.830808676		-2.023435839		-2.942184982		-3.417044336		-2.590637408		-2.1286931		-3.307488545		-3.608381443		-4.460220717		-4.603416709		-3.009376584		-3.963019573		-3.9048173		-4.037960259		-3.190445185		-3.031780645		-4.501183078		-2.012576783		-3.01264915		-3.077504525		-4.506638189		-3.849923719		-3.834048695		-2.542675283		-2.237599083		-2.893214363		-1.693070417		-2.967618318		-2.891406808		-2.609916179		-2.595331383		-2.710954224		-3.188041839		-3.307040869		-2.918280022		-3.464391963		-2.724271658		-3.013479544		-3.806484425		-2.417039083		-3.401188849		-2.412583564		-2.552216434		-3.060073226		-3.626930379		-3.659825166		-2.52275525		-3.391509694		-2.878182177		-2.790382883		-4.091484201		-3.230514164		-3.027660676		-2.446477793		-2.919539246		-1.77191989		-1.893817667		-2.786726342		-3.041475583		-3.385773395		-3.228783122		-2.719111419		-3.425991571		-3.117438349		-2.967846841		-3.299682187		-2.895184113		-3.420704402		-3.028396458		-3.356765568		-2.793565128		-3.514040363

		

		1963		-2.816181246		-3.047776406		-5.513276667		-3.935720933		-4.373761928		-4.701129262		-5.607410267		-4.662647703		-4.581512851		-4.073076315		-5.186980942		-4.71033985		-5.723610442		-1.4118938		-1.934446352		-3.43865832		-3.463343275		-4.381594963		-3.107359755		-2.90579234		-5.0843495		-5.277797667		-3.494082357		-4.194504417		-3.61109731		-3.08329802		-3.892839116		-2.816829685		-4.08811419		-5.355775583		-4.195726225		-3.528111131		-4.391044267		-3.809884711		-4.500204227		-5.316824167		-4.718900867		-4.958397417		-5.679111667		-5.234925667		-5.558868167		-3.118011317		-5.136859954		-4.286663856		-2.451599812		-4.26512253		-4.75547475		-3.547429451		-3.393562283		-4.367658088		-4.609535668		-2.914866367		-3.700171813		-3.569781589		-2.641101752		-2.79484551		-3.166236361		-3.660442103		-3.94604258		-3.757168173		-4.434934603		-4.716887441		-4.556452463		-4.59224595		-4.6078599		-5.707945		-4.831944333		-4.718211508		-3.869536758		-4.636789142		-5.623494975		-4.725563258		-5.199929843		-5.453283098		-3.419316357		-3.97294866		-3.565396009		-3.659098338		-4.096977332		-2.26990517		-2.825345137		-2.433167119		-4.209558467		-4.415353888		-3.815924113

		

		1964		-2.822507965		-3.273147518		-2.937400179		-3.13295415		-3.816548968		-2.868172917		-3.084452879		-4.784843058		-3.078636035		-3.157974552		-4.247803693		-2.753420692		-2.793155083		-1.379919251		-2.201550796		-4.346477083		-3.152387969		-2.271984583		-2.596969949		-2.672490788		-2.353892417		-2.899992653		-2.155172517		-2.281274158		-2.905015954		-1.848544583		-2.1396277		-2.585713446		-2.639048		-2.138134167		-2.146906983		-2.479492851		-2.096244833		-2.3048097		-2.0411675		-2.193906833		-1.0101175		-1.599282		-2.028657358		-2.071613667		-3.254278611		-2.646747852		-2.08168925		-3.283033563		-3.183161246		-4.612678423		-2.28688525		-3.210017969		-3.346160858		-2.815190275		-3.973022264		-2.02727325		-3.109021458		-3.189594374		-2.960290369		-3.168798927		-2.935933693		-2.552835		-2.809997425		-4.781891917		-3.906906638		-3.519698296		-2.941631964		-4.033527367		-2.896322918		-2.237121333		-3.365486496		-2.530516592		-1.900076463		-2.704993842		-3.713012658		-3.551522196		-3.249816062		-3.254972991		-4.086256573		-2.332859417		-2.262096133		-3.642158494		-3.186129631		-3.242289322		-2.27004235		-2.837389132		-2.252741733		-2.635092712		-2.636906964

		

		1965		-3.243070855		-3.506851511		-2.90256006		-2.659975003		-2.920460246		-3.339058392		-3.344839793		-2.905506932		-2.370312333		-2.660067065		-3.361623516		-3.394343965		-4.566836454		-2.874435231		-2.555465334		-3.19362733		-2.785762376		-3.58670661		-3.185621881		-3.194712909		-3.622946688		-3.466512309		-3.486573931		-2.142784342		-4.301296754		-3.350152554		-2.245385833		-2.387093792		-4.331251383		-2.221129417		-3.702281557		-4.213267942		-3.963465323		-3.769147336		-4.742497083		-3.505250325		-2.300226417		-3.429991922		-2.59845995		-3.573276761		-3.48889649		-2.099134467		-2.034658083		-1.643293167		-4.123576346		-2.496338683		-3.258142704		-3.799483048		-3.433237505		-3.04518036		-4.994242333		-3.367365308		-4.021259812		-3.764841938		-3.484200629		-4.122111941		-2.846407455		-3.168471706		-4.185278081		-4.315907106		-4.623551417		-4.072520986		-2.668742833		-0.981565		-3.761714008		-2.492156083		-3.906995135		-3.97658734		-1.848761442		-2.369944167		-4.07192556		-3.938705086		-5.135606396		-5.630498967		-3.216064015		-4.374894712		-3.497339152		-3.515891847		-3.809336796		-2.642367574		-3.593238386		-3.220929872		-2.292044118		-2.557627558		-2.564261038

		

		1966		-3.154929872		-3.055766129		-3.777692936		-2.575421514		-2.672246444		-6.075034008		-4.449820443		-4.384265703		-5.11699361		-4.139326694		-3.862485603		-3.280061281		-4.607878686		-3.0737419		-3.672706083		-4.597145213		-3.479586467		-4.713831968		-3.230201895		-3.230703529		-4.319869449		-3.448811004		-4.119103015		-5.143612402		-3.725256887		-3.376645693		-4.554168083		-4.17943662		-4.569863617		-5.759640583		-3.540771698		-2.43202777		-4.568550198		-4.25841058		-4.48763812		-3.401609819		-2.200096667		-3.400446079		-3.203033706		-3.807536664		-4.891925742		-2.707971392		-5.007240608		-4.389155917		-5.371382854		-3.650149389		-3.225245489		-3.605459532		-4.260499589		-4.54506951		-4.547774808		-4.878856795		-4.014330466		-4.481152935		-3.269645845		-2.362522806		-3.530999255		-3.766890708		-5.512525208		-4.978067175		-4.78346501		-5.215565917		-5.841803075		-3.76738979		-5.01042865		-4.203192667		-5.122663		-5.714128583		-3.255709384		-6.384309167		-5.272914787		-4.487606761		-5.441295739		-4.589064624		-3.596383608		-5.46246825		-4.808886417		-3.523870081		-4.800871177		-3.698427086		-4.717218667		-2.644835677		-2.403634825		-2.934878118		-3.857149014

		

		1967		-2.242870392		-2.57664405		-3.51946061		-2.816787375		-1.86163075		-3.287327362		-4.653907665		-4.4638104		-4.04720434		-3.263538191		-3.926848037		-3.324452677		-2.313640667		-2.173204585		-2.129834093		-2.283271609		-1.71939225		-3.013192863		-2.207359638		-1.889973167		-3.309064756		-2.985561288		-3.405661034		-1.850331167		-1.24616975		-1.335013583		-3.505436177		-4.94799625		-2.547575755		-2.546205917		-3.582485788		-2.674044911		-2.864647791		-4.407311794		-3.04187225		-2.61277675		-1.723213083		-2.016982333		-2.71778968		-2.737271527		-3.072653837		-1.86727		-2.106772775		-2.845339821		-3.298896117		-2.792915933		-1.9609295		-3.688256189		-3.781902181		-4.677129858		-4.086166502		-4.871415954		-3.898826234		-4.520621559		-3.436518936		-4.976634092		-2.735724032		-3.21004071		-3.147611158		-5.579514483		-3.285913264		-3.92023848		-3.086842298		-0.902988333		-4.207181383		-3.865469718		-4.29576145		-4.266648333		-2.358545835		-3.857629346		-4.338943079		-4.123505694		-5.246152149		-5.593317003		-4.456520558		-3.263456121		-5.09492175		-4.070908378		-4.281171243		-2.944796087		-2.802869791		-3.014403974		-2.206426632		-2.592140899		-3.167244837

		

		1968		-3.328979715		-5.459366917		-4.772118105		-3.693184088		-5.255502833		-4.251842839		-5.872983175		-3.231412034		-4.875534322		-2.796775936		-4.737800683		-4.328327483		-5.060651328		-2.262958003		-2.3835658		-3.644154708		-2.817299583		-4.267377771		-5.283064417		-3.516339011		-4.589106583		-4.095103336		-4.118951443		-4.247288407		-2.783463653		-2.444352474		-3.951461788		-4.341935533		-4.181756335		-4.770648528		-3.628011455		-3.630738508		-2.821551916		-3.776554909		-5.572211505		-3.837508693		-4.926969592		-4.678057417		-2.872966176		-4.932643658		-2.667097867		-2.056566476		-1.42954375		-1.095691333		-4.106000053		-3.920226782		-3.766122847		-3.57689107		-3.290588957		-4.808798333		-4.697742068		-3.395339833		-3.277466179		-3.778338652		-3.42385243		-4.519753921		-4.163426994		-3.553760448		-5.956930942		-4.274117707		-2.975184815		-2.333490167		-3.206800368		-0.525525		-2.147592083		-1.788789167		-2.273023055		-2.294665958		-1.775407704		-2.230766917		-4.33262961		-5.135364783		-3.866564767		-5.333159662		-4.008878336		-4.596032648		-4.8759846		-4.605509608		-4.424363333		-4.104178375		-5.36297825		-3.670312784		-3.392741603		-3.832908786		-4.162455908

		

		1969		-2.009740772		-1.999596417		-1.98387825		-2.442005883		-1.65364925		-4.352769323		-3.157164125		-2.705757757		-4.07839917		-3.332154842		-3.615133331		-2.915755042		-3.322943195		-2.297477506		-3.597073083		-3.266581938		-1.9260512		-2.692086167		-5.786300917		-3.609983695		-3.184520626		-3.21036612		-2.192411417		-2.44632815		-2.632711134		-3.157620108		-2.772542427		-2.677913423		-3.623742287		-3.494191195		-3.017188496		-2.795709634		-2.018772917		-2.489569708		-3.159419333		-3.251930091		-2.5723973		-2.577709342		-2.533130195		-2.480165525		-1.95265375		-2.804906977		-2.063417		-2.517863338		-2.249636833		-2.9811057		-1.946554		-2.6691365		-3.82516438		-3.29200755		-2.671969102		-3.0974486		-3.362483161		-3.69343487		-2.892240072		-3.490219874		-2.003680348		-2.638539017		-3.37397235		-4.069729348		-2.523059167		-2.297785333		-2.166537417		-1.942734583		-2.615527292		-2.989694018		-2.776421362		-1.895032833		-1.694732749		-3.684045501		-2.598167492		-2.559212067		-3.539675138		-3.367991023		-3.853501245		-3.338801963		-4.006904874		-3.422528181		-2.893330704		-2.883611086		-2.263747683		-2.543370399		-2.506982079		-3.550750484		-3.668157916

		

		1970		-2.00857125		-1.760629583		-1.963307516		-4.313694625		-1.700699		-3.132775238		-2.164873833		-1.510834583		-3.403045594		-3.809890342		-2.82385087		-2.07468475		-3.735876814		-3.193974368		-2.778507908		-1.998750493		-2.705024292		-3.503241577		-4.148329559		-4.098762408		-1.670359583		-2.881269022		-2.255848825		-2.933865907		-2.619909048		-2.615425982		-3.649596283		-4.470919866		-3.738734167		-4.11346699		-3.84679333		-2.789646338		-2.965397268		-2.93696706		-3.388749323		-3.909929494		-2.725255226		-1.739068833		-3.756724625		-4.683640481		-4.035449764		-2.683215987		-2.655872407		-3.233295182		-4.752269498		-5.857242134		-3.529195104		-3.877260635		-3.882854821		-3.551146157		-4.068892568		-4.918340785		-3.287495329		-5.149959088		-4.089235229		-4.161255466		-3.407869813		-2.58213045		-3.985690122		-3.024508795		-4.659546608		-4.516966358		-6.51526375		-4.217749296		-4.11628813		-3.531174772		-2.64942739		-4.447705883		-2.876457678		-3.146061363		-2.764764499		-3.224408982		-3.791445198		-4.747692767		-2.183319267		-2.349909333		-2.771717292		-1.892623033		-2.643505664		-2.38111926		-2.656126866		-1.845468583		-1.622533192		-3.100213595		-1.907260108

		

		1971		-2.589410298		-4.852301833		-2.030442558		-2.469496448		-2.881467247		-3.304579713		-2.740374433		-2.172420558		-4.266116132		-3.446436279		-3.14192188		-2.347934833		-3.462877965		-0.808267417		-1.529797242		-2.231252866		-2.04033285		-5.515222333		-3.121229318		-3.21747224		-2.34624075		-3.869114603		-2.235046765		-1.857913258		-1.97739675		-1.561145917		-2.220784667		-2.07240005		-2.3325995		-2.914129133		-3.945099539		-2.997463116		-2.11814475		-2.09535825		-2.899256167		-3.829075796		-3.072966915		-2.115196417		-1.646123417		-3.18574174		-2.263648333		-2.762825516		-2.979005982		-2.57910614		-6.528318917		-3.700046395		-2.28427865		-2.41184825		-3.141552173		-3.406636058		-3.39103201		-5.359385183		-3.878156379		-3.349078968		-3.053442003		-5.189091475		-2.352671473		-4.359246395		-5.358612341		-5.1367505		-3.134486105		-2.567940808		-3.454565131		-2.850009467		-3.456593975		-4.099683923		-2.314534767		-2.418928309		-2.07113442		-3.858075761		-2.497684573		-3.638939381		-3.851664489		-5.178960501		-3.064030888		-3.200562479		-4.465589773		-3.178669335		-3.226416614		-3.044297266		-3.771104687		-2.789993302		-2.069499583		-3.096601513		-2.887274933

		

		1972		-2.116217815		-2.363559233		-2.095660842		-3.451346567		-2.035246958		-3.62309666		-3.522559381		-3.320732809		-5.124473973		-3.686037039		-3.279435377		-3.519152482		-5.157367196		-0.93719825		-1.934904212		-2.835243916		-1.8634087		-3.746960141		-2.339588134		-3.151940703		-3.337602796		-3.563769298		-3.904523336		-3.166922598		-2.603368308		-2.705363694		-4.2092814		-4.036199093		-4.984587417		-4.426394698		-2.450341192		-2.432720971		-3.945800273		-3.358508543		-6.84967475		-4.353956782		-4.644036779		-3.508776996		-2.814857768		-2.809807458		-4.401444929		-2.679273777		-2.052960208		-2.580557278		-2.496737042		-2.220901475		-4.03769845		-3.815893883		-3.921242399		-2.730750463		-3.267817023		-4.980333635		-3.023544411		-3.737144139		-2.659784765		-4.37861893		-3.790105282		-4.920907125		-5.052448441		-3.392406668		-2.48338315		-1.3946475		-2.170179667		-3.700983696		-3.050318168		-2.875256935		-1.278515742		-2.601592954		-0.905490917		-1.6490175		-1.911971167		-2.699285692		-3.351798032		-3.28784386		-2.398760433		-4.726002199		-2.538093006		-1.789563833		-2.190704981		-2.144427836		-2.527879098		-3.26234144		-2.66461581		-2.91829187		-3.001669198

		

		1973		-2.760103385		-2.441243916		-2.259379813		-2.997470783		-3.0461918		-5.238203963		-4.031416472		-2.886453282		-2.46531925		-3.764934797		-3.159802629		-3.227607141		-4.267930301		-1.853085483		-1.953129208		-2.785675938		-2.664616879		-4.171547543		-2.343298505		-3.561023473		-3.651440157		-3.481731389		-5.341326948		-3.565764761		-3.333558702		-2.432672118		-3.15199151		-2.54557495		-4.967261774		-3.672033839		-3.330000216		-3.122750829		-3.638880579		-2.287507275		-2.654188		-2.232113167		-2.814174457		-2.330513417		-1.927024333		-2.755556447		-2.14461025		-2.577024587		-1.973037433		-1.935289808		-2.173819817		-1.996081583		-2.22732045		-2.535132		-2.616198233		-2.598106558		-3.008436949		-3.17119079		-3.139783853		-3.319839445		-2.415926488		-4.190052369		-3.41715834		-2.837390092		-3.838697869		-3.413895917		-1.798140583		-3.2376002		-1.8327925		-3.278074406		-2.746061979		-2.011653917		-2.108784191		-1.182580833		-2.086490984		-1.984507917		-3.298784824		-3.432515949		-3.307999631		-2.629438925		-4.474699975		-4.972847326		-1.925271516		-4.056893659		-2.769711679		-3.183282614		-2.982672006		-3.632984264		-2.824783172		-4.810964368		-4.059374586

		

		1974		-3.50352524		-3.697774198		-4.070795296		-4.648520533		-4.027375405		-6.47865055		-3.081950218		-2.534311229		-3.293122782		-3.656771227		-3.220565763		-3.517052518		-3.631914971		-2.074855949		-1.720289788		-3.819352062		-3.206974089		-4.88784667		-3.530889375		-2.929594078		-2.795942378		-2.828555341		-3.004465515		-4.02836413		-2.425396053		-2.503961511		-1.92997725		-2.409777361		-3.795925115		-3.71403949		-3.428260753		-3.63065761		-3.29694702		-4.204315425		-3.656356211		-4.368584171		-2.453717567		-3.576766589		-3.132331162		-3.008326183		-3.799519701		-1.721326167		-2.995131285		-3.159147454		-3.808952112		-2.43282675		-3.576126319		-4.982441083		-4.33413847		-3.381531746		-2.549206192		-3.600274188		-3.009555278		-3.287895449		-1.424983223		-2.764079083		-4.003945336		-3.186888908		-3.422028306		-3.764528373		-3.13374973		-6.280791917		-4.847991596		-6.071291078		-4.374185715		-3.792030245		-2.748198862		-5.162539367		-3.836708842		-3.473101728		-2.4540389		-3.031819276		-2.673868203		-2.1600605		-1.5047495		-3.117420776		-1.58590265		-1.434874583		-1.912652708		-2.695895902		-1.268742583		-2.326515269		-1.908889		-2.512841048		-3.334382768

		

		1975		-3.080726941		-4.486420602		-4.156418003		-3.786263438		-3.989656521		-6.381920317		-5.470821867		-3.821696748		-6.067385975		-3.853049726		-3.606123357		-5.505741583		-5.654822083		-2.146654437		-2.825889653		-3.314898555		-3.824451733		-5.073121693		-3.546184914		-4.37601075		-3.232706845		-4.113020563		-5.721921667		-4.995306452		-5.755846983		-4.567764083		-4.976305667		-5.054594692		-6.0321075		-5.552545858		-4.214877205		-5.46566175		-4.632001092		-7.172452167		-6.639436733		-6.47752725		-5.630110583		-5.057692917		-5.203285583		-3.598700255		-4.555566926		-2.830311363		-3.854050501		-4.325683114		-6.441599833		-6.801682275		-3.482091934		-5.155332833		-5.281210083		-3.302026295		-4.486184672		-5.371359067		-4.03951099		-4.294161917		-5.383342725		-4.682059317		-5.981741917		-4.389383944		-6.201944025		-5.10960653		-5.039410425		-5.855528333		-6.5786165		-6.983540242		-5.253433542		-5.34141425		-2.084152583		-5.208513367		-1.988976614		-4.192228859		-5.337454939		-3.672911058		-5.390500493		-6.114212132		-4.790969667		-5.012348514		-3.911092599		-4.620945117		-4.189812298		-3.813137863		-4.025790243		-3.663264635		-3.491690335		-3.095211114		-4.45647251

		

		1976		-1.997926668		-2.975119363		-2.866259387		-2.626478552		-2.245191536		-3.777533597		-4.204459116		-3.014983384		-4.43399527		-3.537329451		-4.851460133		-4.008874491		-5.298837023		-1.607070227		-1.770914445		-2.771288284		-2.258567694		-2.796321392		-2.835607366		-3.627880943		-4.041753063		-4.333569122		-3.834586634		-1.985512092		-2.23587855		-2.11688775		-2.956805916		-3.405566209		-2.84944169		-3.607027359		-4.144687215		-3.6620004		-4.235224622		-2.965419505		-3.920662935		-3.267686768		-4.090965547		-3.391262133		-2.618502476		-1.469316083		-2.540009392		-2.832446499		-3.227885238		-1.775911942		-5.007334663		-7.24597895		-2.835305158		-3.248052093		-3.639706265		-3.119868262		-3.191020497		-5.483302833		-4.531726167		-2.662064778		-2.886576167		-2.636987084		-3.781125621		-3.892033387		-4.349636208		-3.254268938		-3.170776298		-3.567432897		-2.828955417		-4.462705793		-3.974946038		-1.980298		-2.094056295		-1.597617083		-2.430559363		-2.4933325		-3.444119626		-2.937670836		-2.639198758		-3.250173509		-3.266803459		-3.205051973		-1.44690475		-3.304505861		-2.323700024		-3.630123618		-3.784666918		-1.791454833		-2.716408624		-1.611791529		-3.138384252

		

		1977		-2.672193802		-2.051751167		-3.528358767		-4.146310336		-1.767328083		-0.945039167		-1.865846		-2.271395842		-2.284188083		-2.362047667		-2.015162333		-2.542393667		-2.273865333		-1.672019169		-1.466710923		-2.39745474		-2.371730678		-2.512233917		-2.658129604		-2.382250858		-1.378743833		-2.200552833		-2.113853508		-2.830663313		-2.369475167		-2.166665732		-1.40930725		-1.087989917		-3.276975602		-2.919509333		-4.389057537		-3.584919929		-3.776519092		-3.672916335		-3.739495458		-2.304056917		-3.493746723		-2.706562642		-3.022902815		-2.744220354		-3.674147168		-2.033252553		-1.708995583		-0.942710833		-5.375645206		-6.447385744		-3.784575552		-3.684206228		-3.141567774		-3.449751272		-3.175063048		-4.658876942		-3.42653733		-3.074608062		-4.796960532		-2.938467647		-4.460921937		-3.439915536		-3.572202758		-1.873641917		-4.026695162		-2.532077058		-2.710866714		-3.423431968		-3.174646398		-2.27894075		-2.93065901		-2.474528242		-2.855447389		-2.379251583		-3.860499557		-3.973950478		-3.717167207		-3.481162613		-3.057361586		-5.462663103		-2.032908726		-2.874131618		-2.65896013		-2.832040618		-2.553442868		-2.254919505		-1.910327825		-2.15002828		-2.435656234

		

		1978		-1.639857848		-1.385336667		-2.481957573		-0.97948225		-2.664661019		-0.837318333		-2.113617667		-2.554686404		-1.466685		-2.46651055		-1.503500833		-1.938099333		-2.013228833		-1.786637926		-0.781543917		-1.685843933		-2.428823606		-2.189457917		-1.88207179		-1.855185917		-0.669658333		-1.734886583		-2.132591667		-1.631029283		-2.423645742		-1.570342167		-1.815592		-1.608049908		-2.669941237		-2.58469875		-1.773823458		-1.524864667		-2.25703445		-1.29549475		-2.639309333		-1.4143125		-2.680623108		-2.569807133		-2.039619833		-0.991879167		-1.715795833		-2.744667978		-1.339615917		-1.089681667		-3.167207186		-2.228516367		-2.071752083		-1.4118175		-1.76889525		-2.107767917		-1.049620833		-3.866341567		-2.491670917		-2.750150005		-2.869881698		-3.036633972		-2.893249216		-2.139068092		-1.6715275		-1.412136083		-1.719482833		-2.08279125		-2.892564473		-2.734632357		-2.102142		-2.793296888		-3.920638385		-2.844569683		-2.10183592		-5.058070342		-2.978990958		-2.176711333		-3.576118604		-2.085209		-1.071834167		-1.827301333		-1.82956155		-1.801893333		-1.832694767		-1.575312267		-2.0282146		-1.712477183		-2.611845756		-0.816931167		-0.195520417

		

		1979		-2.234144628		-5.210247958		-3.231301121		-2.470261673		-3.5772987		-4.167317941		-4.267778785		-3.892645312		-5.283393922		-4.683188567		-4.193855861		-5.7812685		-4.69696412		-2.848863279		-2.505515183		-2.819367144		-2.66531191		-4.788213363		-4.274290125		-4.62281675		-4.772328775		-5.283790667		-5.420072225		-4.611941276		-4.009896638		-4.743877167		-3.742166737		-3.974301105		-4.335111285		-4.064528259		-2.205555292		-3.501422792		-5.739831333		-6.237662242		-5.605051937		-3.832284719		-4.88325402		-5.126903167		-4.688511599		-5.563309308		-5.323110058		-4.09415		-3.674673755		-5.281042333		-4.935646132		-2.814695059		-5.008412167		-5.1549414		-4.794826333		-2.885687277		-3.625123426		-4.244094187		-3.384289136		-2.822372086		-3.896460143		-3.345919065		-6.021390183		-4.040095467		-4.986776158		-3.912888049		-5.809150833		-3.320998042		-3.194464638		-3.511960957		-4.191516498		-3.940990344		-2.54171632		-3.346948989		-2.753764996		-4.255239171		-2.930633638		-3.175974305		-4.281377017		-2.842170758		-4.128368208		-3.76082879		-2.765334082		-3.071558896		-5.04005495		-3.233232856		-4.13059539		-3.745753397		-3.753662176		-2.553459644		-2.443111493

		

		1980		-2.437846612		-3.787520911		-3.466133455		-3.222248844		-3.003533738		-5.157307679		-3.698852221		-3.889158234		-3.539203046		-4.207182953		-3.851508794		-3.862629411		-3.731948919		-1.995658974		-3.798516		-3.159810493		-2.548192445		-5.259084592		-4.117453742		-3.961990793		-4.338714487		-4.710037592		-5.831318998		-3.577692267		-2.519311672		-3.014020483		-3.445298357		-3.098331907		-3.936409593		-3.110950523		-3.806592243		-4.075018246		-5.637105658		-5.781736458		-5.621288621		-6.182571358		-3.880443663		-3.869754601		-3.206924245		-3.409445		-3.445995768		-3.814385685		-1.872742733		-4.32536961		-2.72872869		-5.030046497		-3.024680876		-3.51114002		-3.952395526		-3.566853867		-3.439409976		-4.01894656		-4.490596203		-3.424373552		-4.139753613		-4.155383045		-5.671515815		-6.061439208		-6.492009558		-4.448942036		-6.145716292		-4.285832052		-4.386769288		-6.186315192		-3.704179958		-4.257154391		-1.446959417		-2.433148101		-2.234693525		-3.137558377		-3.67984669		-3.643495535		-3.520440067		-4.919437048		-3.57443362		-3.79465521		-3.25718898		-3.22488454		-3.715657994		-3.744574679		-2.973703523		-2.964612138		-2.057308101		-2.265414412		-1.60747085

		

		1981		-2.032407392		-2.039272417		-2.152065833		-2.006494683		-1.68280425		-2.460981417		-2.573303383		-2.7630978		-1.3179175		-2.308053583		-2.604789575		-1.640211667		-1.492585		-1.379622078		-2.179172097		-2.126838017		-2.244347976		-2.439730575		-2.270531493		-1.901253083		-2.195073667		-2.444257833		-3.068021269		-3.412956349		-1.65246675		-1.603607167		-3.025459559		-2.465791799		-2.116183083		-5.49213191		-2.809093705		-3.740900656		-3.752174955		-3.431889683		-5.417364232		-2.885898479		-3.132300526		-2.473943833		-1.732997583		-0.7967425		-1.90467625		-2.25990142		-1.88784775		-0.800295		-5.039746018		-5.045791646		-1.872386917		-2.310415417		-3.753383689		-3.829192628		-4.126143074		-2.898265158		-4.486651067		-3.082848549		-3.476811527		-2.568802538		-5.380682215		-5.744249812		-3.674112424		-4.232876503		-3.029353407		-2.456084758		-3.089794072		-3.756237609		-3.108775624		-2.864548515		-1.015748833		-2.831932082		-0.510621417		-2.768759343		-3.415285438		-3.337847977		-4.861474948		-3.92066535		-2.381625279		-4.023918637		-2.558106039		-3.504088708		-3.924603675		-3.717428362		-3.882034991		-4.144212667		-4.336403225		-1.522485342		-2.27717089

		

		1982		-3.17009774		-3.379008072		-2.14175045		-2.739152884		-2.19759047		-2.8494078		-3.052397311		-2.16615415		-2.210811917		-3.781027313		-2.63483175		-2.435738417		-3.584699695		-1.118121098		-2.22835134		-1.824045492		-1.651599095		-4.610941773		-2.0806995		-2.805186598		-2.907096354		-2.767086736		-0.999218333		-2.606542128		-4.093497178		-2.412906718		-1.939697917		-1.867632158		-1.799928667		-1.86354		-3.505832352		-3.1168942		-3.842453182		-1.23923		-2.92462025		-1.4606875		-1.5042925		-2.615022302		-1.37709875		-3.862022523		-2.646551561		-3.282854192		-3.24528155		-1.44787725		-1.977546008		-3.852490673		-1.746747417		-3.191751687		-2.564910042		-2.42437025		-1.86792675		-2.01042525		-2.608867475		-3.445776995		-3.891269078		-3.900980652		-2.413807375		-3.38610088		-1.7726475		-1.05318		-1.864026167		-1.310995833		-2.203359417		-2.419948333		-1.180814167		-3.498618119		-1.289563583		-1.180777		-1.244079075		-2.76262955		-3.611158804		-3.280279889		-4.014979225		-3.506746642		-2.227349036		-3.473976944		-2.343684778		-3.906394999		-2.666677651		-2.302793741		-2.800993822		-2.519928885		-4.089433892		-0.63943425		-1.436709317

		

		1983		-2.753544992		-2.927918685		-3.58390917		-2.892918336		-1.74801015		-4.540268765		-3.200125358		-3.843479216		-5.964573783		-2.966181804		-2.682782775		-2.781543333		-2.0704115		-2.140890731		-1.961100542		-2.031000066		-1.519712008		-3.960077463		-2.338799179		-3.781099871		-3.659819908		-3.567229791		-3.734720306		-3.586010442		-2.581277548		-1.727669667		-3.885397448		-2.680046577		-4.107259659		-3.500441352		-1.914190525		-3.90299394		-3.842871134		-4.290129774		-4.798463263		-4.495149468		-5.236913339		-5.103135589		-3.710159679		-4.217582097		-4.116800119		-2.390899584		-4.667458083		-2.021009483		-1.669965833		-3.433822328		-3.230297184		-2.644584167		-2.623583667		-2.211899583		-2.042115243		-2.214301333		-2.47493535		-2.933391818		-3.059695213		-2.658729488		-3.428690031		-4.734426852		-2.495479667		-1.97650475		-1.2713025		-2.954447183		-2.570617333		-2.337322333		-2.209416		-2.610403941		-1.591341461		-1.346221667		-1.572083209		-3.421966151		-3.554267101		-2.7829127		-3.369560991		-2.404686417		-3.072806869		-3.080268447		-2.485531394		-2.822059385		-2.312734026		-2.741849973		-3.859485784		-2.642427358		-2.262686915		-1.251224267		-2.949946446

		

		1984		-3.311076616		-4.652636276		-4.074930401		-4.7115794		-3.756320353		-4.787245862		-4.174454385		-4.851405249		-5.758698973		-4.751272225		-5.500621833		-6.110284917		-6.247400617		-1.01826595		-3.156515874		-3.936265109		-2.40516509		-3.712799492		-3.089501188		-4.087247628		-4.556308712		-4.803915417		-4.292678527		-4.134746591		-4.609420132		-3.807013316		-4.601408571		-4.149535816		-4.989262573		-6.687859542		-4.865373742		-5.303349		-2.244335508		-6.561233947		-6.078943208		-6.101953145		-5.3305314		-4.053688183		-3.450378556		-5.260830898		-4.572408865		-3.124460586		-4.852497334		-4.085825474		-5.820911648		-5.949843465		-4.006917114		-5.6844735		-5.376694083		-4.17569048		-3.589842881		-5.035251907		-3.832692832		-4.235527762		-4.983535092		-4.027227086		-4.412983323		-5.44272782		-5.604435383		-5.404775545		-6.005196192		-5.271445392		-6.4160231		-5.433238907		-5.585792997		-4.360258974		-3.113714031		-4.2884263		-2.461408447		-5.620110583		-4.990281074		-4.136679147		-4.55742321		-4.869735416		-3.91997421		-5.366453472		-3.271276085		-3.736830707		-2.979864069		-3.422801482		-3.020606413		-3.930741708		-3.549569129		-2.01386651		-2.024451818

		

		1985		-1.791435325		-2.541791643		-2.25372905		-2.916541668		-1.9751358		-2.393214167		-1.5251325		-2.50558006		-3.08819585		-1.74344725		-2.538841068		-2.15182975		-3.301386403		-2.234245264		-3.094411913		-1.648952892		-2.072205571		-3.854473785		-3.801977908		-1.882737833		-2.499226688		-2.874669967		-2.519858022		-2.859076766		-3.716247574		-3.161165794		-2.0422975		-1.176712167		-1.678223583		-1.976284167		-3.209777386		-4.771049892		-2.454446683		-3.363123463		-3.50534832		-2.799540008		-3.99986817		-3.131351638		-2.813746203		-2.225695357		-3.280285723		-2.334614713		-5.307942267		-3.788290378		-5.549769304		-4.941830149		-3.582062415		-3.547352338		-4.049385707		-5.30226775		-4.938365117		-6.241162925		-3.915057477		-3.948105758		-3.75781494		-5.264139352		-4.651929428		-5.161505493		-5.448832868		-2.79071731		-5.171831165		-3.365654853		-2.704031535		-4.133386775		-3.339442812		-2.804484097		-0.360260167		-1.575487667		-2.470766726		-3.767367669		-4.45698547		-4.490235895		-4.359153769		-5.219824494		-3.374029045		-4.680428862		-3.14828213		-3.027456913		-2.979862169		-2.930421088		-3.24762416		-2.885736785		-4.468772892		-1.341756167		-3.406432618

		

		1986		-4.156463167		-3.584215643		-4.232180029		-4.035874862		-3.156666373		-3.969029136		-2.268997917		-2.26539085		-3.223163648		-1.951443		-2.059191583		-2.7437934		-2.52829025		-0.989757892		-3.024600816		-3.115366176		-3.034383611		-2.911085583		-3.712522834		-1.760335667		-2.116493333		-2.776042608		-2.220113092		-1.816152492		-2.900428843		-2.319981408		-2.143935167		-2.952455209		-1.2941225		-1.578169167		-4.397211812		-3.893227084		-2.48354865		-2.748888633		-2.617301083		-2.099736167		-1.533818833		-2.473582383		-2.685230173		-2.873852922		-3.237831732		-2.673215096		-3.819223901		-3.577742995		-3.70040373		-3.405206702		-0.492566667		-1.720849		-2.146439333		-4.398024698		-3.728832016		-5.517283814		-3.269368664		-4.090726067		-4.268078727		-1.316819942		-2.509039853		-3.56781962		-3.55707699		-2.16919545		-2.421631883		-2.2402855		-2.106925167		-3.397176327		-3.155523938		-2.5899649		-0.607011		-1.36735475		-2.208599412		-2.292433833		-4.708259455		-3.621101618		-3.312788741		-2.61290195		-3.620349648		-2.396433333		-1.838924867		-2.00676575		-2.011777108		-2.256114079		-1.443660083		-2.225550887		-3.657503207		-1.057129417		-1.743044238

		

		1987		-3.405452941		-4.76961695		-4.714165892		-3.565916423		-4.874249648		-5.808429644		-4.730896753		-4.539737272		-5.658910023		-6.147657917		-5.778222783		-5.880672667		-6.637409833		-3.125803947		-2.415167021		-2.495426433		-4.381143082		-5.227562603		-4.622867631		-4.876125583		-4.903050067		-5.258618183		-5.893133033		-5.241473503		-4.607930421		-5.071598333		-5.137068583		-5.246651065		-4.359916811		-7.305642667		-4.049739727		-4.692884764		-5.753140667		-6.035403215		-6.192216199		-5.825036675		-5.972437167		-5.688081667		-5.361856917		-4.806646317		-5.29766893		-4.171271042		-5.325869175		-4.373089324		-5.877755583		-4.328412678		-6.117983		-5.2788655		-5.736158417		-3.605703026		-3.596343699		-3.976166604		-4.396314096		-5.086453498		-5.274951583		-5.688556908		-5.434214264		-5.154844612		-3.865800357		-5.196919711		-4.774492423		-4.866656801		-6.13040735		-6.068981475		-4.910420101		-5.157107083		-3.366970367		-4.295855813		-4.191250775		-5.043937624		-4.041676656		-4.886347373		-4.376217928		-3.444879068		-3.822647948		-4.653955815		-2.471166332		-3.991574107		-4.394660658		-4.93059825		-5.08822955		-2.591239353		-2.417347915		-2.481032397		-4.977630083

		

		1988		-1.968361691		-2.624255801		-2.652217038		-2.352299067		-2.885518317		-2.573954267		-3.177274482		-2.605677707		-2.92621138		-2.342315617		-2.684816532		-3.773095235		-2.106917		-3.529636475		-2.82690864		-2.271842842		-3.367780966		-5.054675543		-4.629815065		-3.895801855		-3.079937058		-2.745429328		-2.546120117		-4.19430953		-1.2919815		-2.0020575		-2.182138118		-2.129450493		-1.6535535		-1.479543333		-3.612323522		-4.295285338		-2.274852583		-6.050622017		-4.317993734		-5.293921688		-2.374899733		-2.118152667		-2.887821312		-2.674217168		-2.093368083		-3.440054673		-4.703671837		-2.788914756		-1.472742917		-1.892709		-1.192082917		-1.850917417		-2.429827833		-2.161803833		-2.509785504		-3.847666064		-2.896491265		-4.332431176		-3.703857069		-4.66191384		-3.777017403		-3.838591098		-2.795362333		-2.985248309		-2.702299612		-3.361899407		-3.170113501		-2.233632667		-2.647467		-3.693349011		-2.943012201		-4.253683355		-3.94041422		-5.11131565		-3.472602207		-3.931274217		-3.46962841		-3.681960766		-3.627744167		-5.265076042		-2.837630911		-3.426140621		-3.440712719		-4.390313759		-3.429097312		-1.69592075		-1.580543792		-2.534750306		-3.546360564

		

		1989		-3.925868683		-3.057232728		-3.336705431		-4.341094918		-2.181213468		-1.820624167		-2.2362215		-3.100771138		-2.150258583		-1.794750083		-3.160935061		-2.944716888		-2.48022625		-3.317418971		-1.772087913		-2.646458807		-1.805711025		-2.498668975		-4.039901106		-2.212814975		-2.794639808		-2.4315323		-5.68332045		-3.720911842		-2.673411268		-2.707388973		-2.705913667		-3.034480145		-2.794894433		-2.457720167		-4.014441013		-4.593824204		-1.558830333		-4.014638381		-2.780818042		-2.153624083		-2.723574387		-2.525438669		-1.802706083		-1.6686695		-2.184136017		-1.894871755		-3.437523512		-1.484906583		-5.923425716		-6.128073839		-1.942780083		-4.081500425		-3.81505428		-3.421358825		-4.968682958		-4.819463886		-4.603343592		-5.534959509		-3.796437862		-5.407365496		-4.67246488		-2.258189083		-5.432934915		-2.819395718		-2.518383963		-2.93680855		-3.388580649		-2.218704083		-4.16085267		-2.231954167		-1.854049233		-2.304239358		-1.417735625		-2.398961042		-3.181374601		-3.968764916		-3.126426693		-4.331161104		-3.781082673		-3.561611516		-3.043829784		-3.380661303		-4.670323803		-4.134120732		-5.019073575		-3.251789431		-3.241863228		-1.673665508		-4.950524905

		

		1990		-3.122794852		-3.245423156		-5.3178093		-3.240716356		-4.265443794		-5.399051828		-3.900434178		-3.848532704		-4.713507339		-5.272065		-4.162124671		-3.794260415		-5.721746678		-2.221064466		-2.635813433		-3.35985738		-3.459383571		-5.067925518		-3.988213173		-3.137870596		-3.234671953		-2.741877434		-6.094756989		-5.578264533		-5.253535188		-4.423018617		-3.695350908		-5.301108117		-5.9872395		-4.064691251		-4.718902831		-4.120562246		-2.948624607		-5.720638231		-5.473619955		-4.857471611		-3.840212841		-5.11409199		-4.072932358		-4.638110877		-3.834557085		-1.932569208		-2.300637033		-2.660406784		-3.218268999		-3.607872348		-5.201197667		-2.4902115		-1.7922895		-4.054752725		-4.68450409		-5.396194293		-4.026504257		-5.2269999		-5.271156392		-6.006125125		-5.880745318		-5.160752406		-4.526712237		-3.947527706		-2.690470466		-3.987872176		-4.184281576		-5.462104857		-5.603821583		-3.284141294		-3.94886181		-5.29853675		-4.2578864		-3.484787343		-3.687051782		-5.253406478		-3.177557531		-5.415865392		-2.22301337		-3.2063484		-3.848985507		-3.010198793		-3.499466296		-4.098930037		-3.537988752		-3.255605343		-3.049723256		-2.556968432		-3.972419088

		

		1991		-3.301283782		-3.167836231		-4.348821458		-2.162294233		-4.090071141		-5.455996215		-5.42952904		-4.934443801		-5.927296923		-2.770307094		-5.147306606		-4.618412498		-4.265892485		-2.69598798		-2.603803216		-2.966746358		-3.637485688		-4.241525684		-5.286646283		-4.131995892		-4.114654724		-4.021763354		-6.269784725		-5.599236645		-5.417334467		-3.845422083		-4.750778383		-5.440004986		-6.023665833		-5.687299417		-2.204374933		-3.670783187		-3.35919879		-6.350558391		-5.558790467		-5.917738041		-5.476567608		-5.067689232		-5.33798455		-5.224514493		-5.167888983		-3.122438745		-4.502547454		-4.669879858		-4.834209292		-6.540423692		-4.423776116		-3.23425652		-2.556429083		-4.001007169		-3.510294091		-4.468221742		-3.540014267		-5.855577958		-4.857136283		-6.205725885		-6.116292475		-5.846968688		-4.293577521		-4.013820798		-2.62715329		-4.955138331		-5.942424567		-6.625857012		-4.77033018		-4.338115638		-4.092537923		-5.638813083		-3.343075713		-4.309508908		-4.576264029		-2.194556058		-3.435794053		-3.666095178		-3.404652266		-4.748258854		-2.884868957		-3.377275385		-5.101992601		-4.374048395		-4.19282157		-3.25015595		-3.270292545		-2.817976929		-2.492571271

		

		1992		-4.039270342		-3.571824324		-4.739090683		-4.830570213		-4.042505753		-4.895552921		-4.377127669		-4.545811007		-4.679195707		-3.414170481		-5.026256809		-4.175483291		-3.921629309		-2.530475739		-2.729621771		-3.250819006		-3.623579827		-3.512184453		-5.487412625		-3.71145109		-3.612933013		-4.180223931		-6.03253615		-5.759206783		-5.476349829		-2.837168765		-3.68209031		-4.657690383		-3.255879387		-4.659364424		-3.276665511		-2.974733076		-3.262657118		-6.136239483		-4.693776123		-5.251681991		-5.529536258		-3.519738707		-3.751787278		-5.271050042		-5.086095124		-3.463675442		-3.681634036		-4.606967692		-3.654614134		-6.769006967		-3.24515742		-5.253436917		-4.291769403		-4.378515867		-2.730114031		-3.482229113		-3.871628062		-5.801121383		-5.932568067		-6.366309458		-6.296079842		-4.924838445		-3.473504938		-4.285164874		-4.801652951		-5.383293142		-5.992547658		-6.57010734		-4.747671793		-4.720038242		-3.208137704		-3.628867664		-4.782396833		-4.187517204		-5.034563183		-4.715817596		-3.431255962		-4.341890787		-3.047198751		-5.333312625		-2.561292339		-3.561480346		-3.690555961		-3.876833883		-3.592757749		-3.15666805		-2.692789359		-2.957193233		-3.574432081




		Population Code		a1		a2		SD

		

		Crb101		-0.947046		0.215787591		0.763748917

		

		Crb201		-1.353533917		-0.469926077		1.008516667

		

		Crb202		-0.739115092		-0.027290427		1.07725825

		

		Crb203		-1.1988245		0.086073625		1.009108917

		

		Crb205		-0.92565275		-0.143415675		1.146667

		

		Crb301		-0.683254817		-0.450606683		1.478374417

		

		Crb302		-0.729752785		-0.342423398		1.190573333

		

		Crb303		-0.690797408		-0.283066859		1.013479083

		

		Crb304		-0.922230058		-0.594549534		1.295133167

		

		Crb401		-1.4951325		-0.565670918		0.87418575

		

		Crb402		-1.012950008		-0.307546234		1.133008583

		

		Crb403		-1.057615167		-0.422022562		1.196378833

		

		Crb404		-1.309295833		-0.255597873		1.42605175

		

		Crb501		-0.69905813		-0.022849839		0.81157625

		

		Crb502		-0.747953		-0.175382611		0.751028583

		

		Crb503		-0.896464667		0.211485301		0.847218667

		

		Crb504		-0.670196842		0.02199799		0.774436833

		

		Crb601		-1.12579875		-0.182371374		1.18316275

		

		Crb602		-0.363516948		-0.197610156		1.0913185

		

		Crb603		-1.056579583		-0.650739967		0.754152333

		

		Crb604		-1.02804475		-0.433863269		1.027231667

		

		Crb605		-1.131172		-0.56033238		0.805336333

		

		Crb607		-0.755004558		-0.121681583		1.67545825

		

		Crb701		-0.896325758		0.198128416		1.410043167

		

		Crb702		-0.883113717		0.035896632		1.4084425

		

		Crb703		-1.169622417		-0.258336989		1.05029375

		

		Crb704		-1.181535917		-0.434796318		1.060022917

		

		Crb705		-0.851687575		-0.213174916		1.4009515

		

		Crb801		-0.937060833		-0.253307427		1.431332917

		

		Crb802		-1.505107167		-0.485371248		1.374995333

		

		Crb901		-1.100303667		0.093391538		0.965311583

		

		Crb902		-0.69241255		0.116820181		0.975265167

		

		Crb903		-0.86851775		-0.086262095		1.236783

		

		Crb1001		-0.798634517		-0.23777269		1.79949075

		

		Crb1002		-1.298715833		-0.370216243		1.444079917

		

		Crb1003		-0.982404167		-0.549846442		1.386529

		

		Crb1005		-1.042291417		-0.115047156		1.5565675

		

		Crb1006		-1.1257455		-0.258889128		1.261835

		

		Crb1101		-1.065375083		-0.289070664		1.135778583

		

		Crb1104		-1.124306333		-0.115259675		1.47573925

		

		Crb1105		-1.118359		-0.144805932		1.251957333

		

		Crb1202		-0.782748799		-0.287165434		0.7007975

		

		Crb1203		-0.660459549		0.015141316		1.31993275

		

		Crb1204		-0.759768667		-0.538252925		1.192021833

		

		Crb1301		-1.132209958		-0.044712828		1.697412667

		

		Crb1302		-0.760318397		-0.112399777		1.843168667

		

		Crb1304		-1.462723167		-0.227718938		1.204737

		

		Crb1401		-1.442391417		-0.160418021		1.122443167

		

		Crb1402		-1.244818333		-0.189735795		1.077338417

		

		Crb1501		-0.537655972		-0.270776699		0.840473167

		

		Crb1503		-0.81212525		-0.000974286		1.07947

		

		Crb1601		-0.282313924		-0.552547336		0.935248667

		

		Crb1602		-0.939141417		-0.260919918		0.671353

		

		Crb1603		-0.590557158		0.45476728		0.831192333

		

		Crb1604		-0.797923283		0.5208684		1.06268325

		

		Crb1605		-0.799419247		0.43895438		1.362506083

		

		Crb1701		-0.727053599		0.351211704		1.387356917

		

		Crb1703		-0.620260195		-0.292071331		1.191233083

		

		Crb1801		-1.001726667		-0.400102535		1.311621833

		

		Crb1803		-0.823359217		-0.247868167		1.308352333

		

		Crb1901		-0.910080667		-0.290505712		1.457589

		

		Crb1903		-0.61630729		-0.489031587		1.216039583

		

		Crb1904		-1.114137		-0.414147164		1.571419667

		

		Crb1905		-0.597778273		-0.113093263		1.875756667

		

		Crb1906		-0.796511968		-0.26773243		1.187176917

		

		Crb2001		-1.18433		-0.552384558		0.879626

		

		Crb2002		-0.480495273		-0.050829506		1.13276225

		

		Crb2003		-0.83298525		-0.224815669		1.536100833

		

		Crb2004		-0.775998692		0.080440323		1.11942025

		

		Crb2005		-1.029897167		-0.413904675		1.182475667

		

		Crb2201		-0.694965992		0.248857743		0.953674667

		

		Crb2202		-1.043301833		0.324345594		0.879488417

		

		Crb2203		-0.946262108		0.222486157		0.889753167

		

		Crb2204		-0.948362683		-0.024596058		1.306596583

		

		Crb2301		-1.147122667		0.064404206		0.96978375

		

		Crb2302		-1.219527667		-0.224770583		1.189313333

		

		Crb2303		-0.621683842		0.105925594		1.023139333

		

		Crb2304		-1.093683333		0.174285098		0.90984025

		

		Crb2401		-0.865833567		0.335963564		1.032496167

		

		Crb2403		-0.750698875		0.083297704		0.872902917

		

		Crb2404		-1.1363945		0.142179386		1.131305833

		

		Crb2405		-1.010679333		0.005857708		0.779124083

		

		Crb2406		-0.891457108		-0.153766395		0.888585

		

		Crb2501		-0.647260725		0.334761296		0.866113833

		

		Crb2502		-0.822399575		0.35285925		1.124376083




Appendix A: Density estimation

Population density (number of voles captured per 150 trap-nights) was estimated for each year and location based on a state-space model by using WinBUGS version 1.4.3 (Spiegelhalter et al. 2003, http://www.mrc-bsu.cam.ac.uk/software/bugs/). For the present paper, we developed new codes for WinBUGS (Appendix B) taking the constraints of trapping into consideration. In addition, other species of rodents (Apodemus argenteus, A. speciosus, and other minor species) than the target species (Myodes rufocanus) occupied some proportion of caught rodents, and thus those traps should not be considered as effective traps. Therefore we subtracted the number of catches with non-target species from the number of trap-nights.

Although both mean and variance were significantly higher for the Bayesian estimates with the limitations of trapping than the Bayesian estimates without considering the limitations (Fig. A1; the mean with the trap limitation: 8.83; the mean without the trap limitation: 7.75, t - test, t = 4.251, P < 2  10–5; the variance with the trap limitation: 113.4; the variance without the trap limitation: 59.2, F - test, F = 0.522, P < 2  10–5), the variance increased faster than the mean. 
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Appendix Figure A1. A comparison of density estimates (the number of voles per 150 trap-nights) between the estimates with the limitations of trapping (y-axis) and those without considering the limitations (x-axis). The red line represents y = x, while the blue curve is a quadratic regression of the estimated density allowing for the limitations of trapping against the estimated density without considering the limitations: y = 0.012 ( 0.0004)  x2 + 0.954 (  0.014)  x + 0.044 ( 0.83), where SEs of coefficients and intercept are given in parentheses; Adjusted R2 = 0.949.

Therefore, the slope of TL became steeper for both the temporal and spatial TL (Fig. A2). The temporal TL was: log10(temporal variance) = 1.943 ( 0.143)  log10(temporal mean) + 0.063 ( 0.133), t = 13.576, P < 2  1016, Adjusted R2 = 0.686, while the spatial TL was: log10(spatial variance) = 1.579 ( 0.136)  log10(spatial mean) + 0.376 ( 0.125), t = 11.573, P < 2  1012, Adjusted R2 = 0.816. 
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Appendix Figure A2. Tests of the temporal and the spatial TL for observed population density, taking account of the constraints of the trapping method.  (A) The temporal TL and (B) the spatial TL. The solid line represents the least-squares linear regression of log10(variance) as a function of log10(mean).  The curved dotted line is the least-squares quadratic regression. See the text for detailed information. 



Quadratic regression revealed no statistically significant evidence of nonlinearity for both temporal and spatial relationships. The temporal relationship was: log10(temporal variance) = –0.902 ( 0.613)  log10(temporal mean)2 + 3.653 ( 1.171)  log10(temporal mean) – 0.722 ( 0.550), t = 1.471, P = 0.143 for the quadratic term; the spatial relationship was: log10(spatial variance) = 0.245 ( 0.598)  log10(spatial mean)2 + 1.171 ( 0.841)  log10(spatial mean) + 0.530 ( 0.337), t = 0.492, P = 0.627 for the quadratic term. 

Cohen and Saitoh (2016) used Bayesian estimates of population density without considering the trap limitation or the interference from other rodent species. Their estimated temporal and the spatial TL were: log10(temporal variance) = 1.613 ( 0.141)  log10(temporal mean) + 0.217 ( 0.124), t = 11.422, P < 2  1016, Adjusted R2 = 0.607; log10(spatial variance) = 1.430 ( 0.132)  log10(spatial mean) + 0.339 ( 0.114), t = 10.831, P < 2  1011, Adjusted R2 = 0.795. They did not find any statistically significant evidence of nonlinearity for both temporal and spatial relationships.


Appendix B: WinBUGS codes for a Bayesian analysis of counts and trapping effort

# x[t]: natural logarithm of the estimated density of voles in year t per one trap-night.

# See main text of Saitoh and Cohen, Ecological Modeling, for further details.

# f[t]: observed abundance of voles in year t

# Tef[t]: the amount of trapping effort in year t (the number of traps  the number of nights

#  for trapping, minus number of traps occupied by rodents other than Myodes rufocanus)

# N: the length of the study period (31 years)

# a1: density dependence coefficient for one-year lag with initial value = 0

# a2: density dependence coefficient for two-year lag with initial value = 0

# xsigma: estimated standard deviation of the error term

# xalpha represents measurement error for each survey





model

{



	x[1] ~ dnorm(0,1)

	x[2] ~ dnorm(0,1)



	for (i in 3:N){

		muX[i] <- (1+a1)*x[i-1]+a2*x[i-2]

		x[i] ~ dnorm(muX[i],xtau)

	}



	for (i in 1:N){

		f[i] ~ dbin(prob[i], Tef[i])

		prob[i] <- 1/(1 + exp(-(xalpha + x[i])))

	}



	a1 ~ dnorm(0,0.0001)

	a2 ~ dnorm(0,0.0001)



	xalpha ~ dnorm(0,0.00001)

	xsigma <- 1/sqrt(xtau)

	xtau ~ dgamma(0.001,0.001)



}






Appendix C: Parameter estimation

	Since we modified the Bayesian estimates of population density compared to those of Cohen and Saitoh (2016), we re-estimated the parameters of the Gompertz model (a1,j, a2,j, SDj) .Our new estimates y of the parameters were approximately linearly related to our previous (Cohen and Saitoh 2016) estimates x (Fig. C). For a1,j, y = 0.934 (  0.028)  x – 0.049 ( 0.027), Adjusted R2 = 0.929; for a2,j, y = 0.893 (  0.018)  x – 0.022 ( 0.006), Adjusted R2 = 0.966; for SDj, y = 1.041 (  0.029)  x – 0.072 ( 0.031), Adjusted R2 = 0.939. The coefficients of density dependence were slightly smaller, and the variance of environmental variability was slightly larger, in the new estimates than in the old.
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Appendix Figure C. A comparison of the coefficients of the Gompertz model (a1,j and a2,j) between the current estimates (y-axis) and those in Cohen and Saitoh (2016) (x-axis). The red line represents y = x, while the green line is given by a linear regression of the estimated coefficients (a1,j or a2,j) allowing for the limitations of trapping against those without considering the limitations.


Appendix D: Environmental variability and density dependence producing the prevailing TL slopes (1 < b < 2)

To study the effects of environmental variability and density dependence on the slope b of the temporal Taylor’s law (TL), Parameter combination simulation I used various combinations of the three model parameters (SD, [1 + a1], and a2) in the triangular prism (the blue zone in Fig. D) in 64,000 data sets (see the main text). Each dataset consisted of 85 time series spanning 31 years, and the temporal TL was tested. The parameter combinations that produced data sets with the prevailing TL slopes (1 < b < 2) are shown by red crosses. The number of those data sets were 7,035 (11.0%), and they were distributed in a limited region (Fig D). When SD was low, simulated data sets showed higher probabilities that their slopes fell in the prevailing range. Density dependence coefficients ([1 + a1] and a2) showed a similar pattern. In the middle of the parameter range, higher probabilities were observed.
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Appendix Figure D. The effects of environmental variability (SD) and density dependence (a1 and a2) on the slope b of the temporal Taylor’s law (TL). Parameter combination simulation I used various combinations of the three model parameters (SD, [1 + a1], and a2) in the triangular prism (the blue zone in Fig. D) in 64,000 data sets (see the main text). The parameter combinations that produced data sets with the prevailing TL slopes (1 < b < 2) are shown by red crosses. 


Appendix E: Effects of environmental variability and density dependence on the slope b

In Parameter combination simulation I, the 32,000 data sets with lower environmental variability [SD = 0.05-1.00] covered the variation of the slope b. Effects of the model parameters and their products on the slope b were analyzed by a multiple regression analysis with slope b as a response variable and with the model parameters and their interactions as explanatory variables (Table 1 summarizes the results). 
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Appendix Figure E. Effects of density dependence (a1 and a2), environmental variability (SD), and their products on the slope b of the temporal Taylor’s law using data sets generated by Parameter combination simulation I (see the main text). Each open circle represents the slope and an independent variable value of one of the 32,000 simulated data sets.








Appendix F: Probability that model parameters produced slopes with 1 < b < 2 

Parameter combination simulation II used various combinations of the four model parameters (equilibrium density, [1 + a1], a2, and SD) to generate 512,000 data sets (see the main text). Fig. F shows the probability that each of the four model parameters of the Gompertz model produced slopes of the temporal TL in 1 < b < 2.

 [image: ][image: ]



[bookmark: _GoBack]Appendix Figure F. The probability that each of the four model parameters of the Gompertz model produced slopes of the temporal TL in 1 < b < 2. (A) The probability that a slope fell in 1 < b < 2 for 16 equilibrium densities, which were given as the mean density to the Gompertz model. (B) The probability that a slope fell in 1 < b < 2 for 40 values of the density dependence coefficient with 1-year lag (1 + a1) between -2 and +2. (C) The probability that a slope fell in 1 < b < 2 for 20 values of the density dependence coefficient with 2-year lag (a2) between -1 and +1. (D) The probability that a slope fell in 1 < b < 2 for 10 values of the environmental variability parameter (SD) between 0.1 and 1.0. 




Appendix G: Analysis of temporal Taylor's law in Gompertz model

We apply the standard theory of a second-order autoregressive process (Box and Jenkins 1970, pp. 58-63) to the Gompertz model, Eq. 2 in the main text. The expectation (long-run mean)  of xt,j -   is 0 by construction. Let , dropping the subscript j that labels each population for temporary convenience. The theoretical formula for the variance  in the limit of large time is (Box and Jenkins 1970, p. 62, (3.2.28))



Since the Gompertz model assumes normally distributed environmental fluctuations et,j (the error term in Eq. 2 in the main text), the process on the loge scale is normally distributed. Therefore population density on the original scale of measurement is lognormally distributed with modeled mean



and modeled variance



Tippett and Cohen (2016, supplementary materials) pointed out three cases. First, if μ is changing and σ2 is fixed, Taylor's law holds exactly with b = 2. Second, if μ is fixed and σ2 is changing, then the variance is not exactly a power law function of the mean but for different values of σ2, Taylor’s law holds to excellent approximation with exponent 4. Third, if when μ changes, σ2 also changes according to σ2 = μ, then Taylor’s law holds not exactly but approximately with b = 2 + 2/3. Tippett and Cohen (2016) provided numerical illustrations of these three cases.

Now we consider a more general case that does not appear to have been analyzed before. We do not claim that this case, or any case considered by Tippett and Cohen (2016), is a realistic description of our data, but only that it may be useful for theoretical insight. Suppose . Then



Also, using an approximation that is valid when ,



Thus, Taylor's law will hold with slope b if, under the above approximation,



In the limit when  (which would mean that the error term has variance 0, or that the process is deterministic), b = 2. When , which is the third case considered by Tippett and Cohen (2016), . In the limit as , which is the second case considered by Tippett and Cohen (2016). Solving this equation for r in terms of b gives



For all positive values of , it follows that . This result is consistent with the Fundamental simulations I of the Gompertz model reported in this paper, but is not consistent with the majority of empirically observed cases of Taylor's law, including the vole data analyzed here. Thus some adjustments or modifications of the Gompertz model or of the assumption of independence between populations are required if its predicted slope of the temporal Taylor's law is to accord with observations.





-10-



image20.emf





0.5




1.0




1.5




2.0




2.5




3.0
O




bs
er




ve
d 




lo
g 




  (
Te




m
po




ra
l V




ar
ia




nc
e)




0.5 1.0 1.5
Observed log   (Temporal Mean)




0.5




1.0




1.5




2.0




2.5




3.0




0.5 1.0 1.5




O
bs




er
ve




d 
lo




g 
  (




Sp
at




ia
l V




ar
ia




nc
e)




Observed log   (Spatial Mean)10




10




10




10




y = 0.063 + 1.943 x y = 0.376 + 1.579 x
















image3.tiff



image30.tiff



image4.emf



image40.emf



image5.tiff



image50.tiff



image6.emf





-2 -1 0 1 2




-1.0 -0.5 0.0 0.5 1.0




1 + a1




a2




Equilibrium density




(A)




Pr
ob




ab
ilit




y




(B)




(C)




Pr
ob




ab
ilit




y
Pr




ob
ab




ilit
y




SD




(D)
Pr




ob
ab




ilit
y




0 100 200 300 400 500




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.35




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.35




0.0 0.2 0.4 0.6 0.8 1.0




0.0




0.1




0.2




0.3




0.4




0.5




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.35
















image7.emf





-2 -1 0 1 2




-1.0 -0.5 0.0 0.5 1.0




1 + a1




a2




Mean




(A)




Pr
ob




ab
ilit




y




(B)




(C)




Pr
ob




ab
ilit




y
Pr




ob
ab




ilit
y




SD




(D)
Pr




ob
ab




ilit
y




0 100 200 300 400 500




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.0 0.2 0.4 0.6 0.8 1.0




0.0




0.1




0.2




0.3




0.4




0.5
















image60.emf





-2 -1 0 1 2




-1.0 -0.5 0.0 0.5 1.0




1 + a1




a2




Equilibrium density




(A)




Pr
ob




ab
ilit




y




(B)




(C)




Pr
ob




ab
ilit




y
Pr




ob
ab




ilit
y




SD




(D)
Pr




ob
ab




ilit
y




0 100 200 300 400 500




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.35




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.35




0.0 0.2 0.4 0.6 0.8 1.0




0.0




0.1




0.2




0.3




0.4




0.5




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.35
















image70.emf





-2 -1 0 1 2




-1.0 -0.5 0.0 0.5 1.0




1 + a1




a2




Mean




(A)




Pr
ob




ab
ilit




y




(B)




(C)




Pr
ob




ab
ilit




y
Pr




ob
ab




ilit
y




SD




(D)
Pr




ob
ab




ilit
y




0 100 200 300 400 500




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.00




0.05




0.10




0.15




0.20




0.25




0.30




0.0 0.2 0.4 0.6 0.8 1.0




0.0




0.1




0.2




0.3




0.4




0.5
















image1.emf





0 20 40 60 80 100




0




50




100




150




Estimates without constraints




Es
tim




at
es




 w
ith




 c
on




st
ra




in
ts
















image2.emf





0.5




1.0




1.5




2.0




2.5




3.0
O




bs
er




ve
d 




lo
g 




  (
Te




m
po




ra
l V




ar
ia




nc
e)




0.5 1.0 1.5
Observed log   (Temporal Mean)




0.5




1.0




1.5




2.0




2.5




3.0




0.5 1.0 1.5




O
bs




er
ve




d 
lo




g 
  (




Sp
at




ia
l V




ar
ia




nc
e)




Observed log   (Spatial Mean)10




10




10




10




y = 0.063 + 1.943 x y = 0.376 + 1.579 x

















Takashi Saitoh and Joel E. Cohen

Environmental variability and density dependence in the temporal Taylor's law



Raw data, parameter estimates, and WinBUGS codes for Bayesian analysis



[bookmark: anchorAuthors][bookmark: anchorFilelist]A list of Appendices

Appendix A: Density estimation 

Appendix B: WinBUGS codes for a Bayesian analysis of counts and trapping effort 

Appendix C: Parameter estimation 

Appendix D: Environmental variability and density dependence producing the prevailing TL slopes (1 < b < 2) 

Appendix E: Effects of environmental variability and density dependence on the slope b 

Appendix F: Probability that model parameters produced slopes with 1 < b < 2 

Appendix G: Analysis of temporal Taylor's law in Gompertz model

[bookmark: _GoBack]The above 7 appendices are available in AppendicesA-G.docx

Appendix H: Raw data on vole abundance (Appendix_H.csv)

Appendix I: Raw data on the number of effective traps (Appendix_I.csv)

Appendix J: Bayesian estimates of vole density (Appendix_J.csv)

Appendix K: Bayesian estimates of the Gompertz parameters (Appendix_K.csv)



[bookmark: anchorDescription]Description

Appendix A: Density estimation 

Population density (number of voles captured per 150 trap-nights) was estimated for each year and location based on a state-space model by using WinBUGS version 1.4.3, taking the constraints of trapping methods and effects of non-target species into consideration. Density estimates were compared between the present study and our previous one (Cohen and Saitoh 2016).



Appendix B: WinBUGS codes for Bayesian analysis of counts and trapping effort

WinBUGS code is provided. This code takes into consideration the constraints of trapping methods and the effects of non-target species.



Appendix C: Parameter estimation 

Parameters (a1, a2, and SD) in the Gompertz model were estimated using WinBUGS version 1.4.3 (see Appendix B for the codes), and they were compared between the present study and our previous one (Cohen and Saitoh 2016).



Appendix D: Environmental variability and density dependence producing the prevailing TL slopes (1 < b < 2)

Based on Parameter combination simulation I, the parameter combinations that produced data sets with the prevailing temporal TL slopes (1 < b < 2) are shown.



Appendix E: Effects of environmental variability and density dependence on the slope b

Based on Parameter combination simulation I, effects of the model parameters and their products on the slope b were analyzed by a multiple regression analysis with slope b as a response variable and with the model parameters and their interactions as explanatory variables (see Table 1 in the main text). Those effects are illustrated in this panel.



Appendix F: Probability that model parameters produced slopes with 1 < b < 2

Based on Parameter combination simulation II, probabilities that produced the prevailing temporal TL slopes (1 < b < 2) are shown for each of the four model parameters (equilibrium density, [1 + a1], a2, and SD) of the Gompertz model.  See Table 2 in the main text for the summary of the results of multiple regression analyses of the effects of mean density, density dependence (a1 and a2), and environmental variability (SD) on the slope b of the temporal Taylor’s law.



Appendix G: Analysis of temporal Taylor's law in Gompertz model

Mathematical relationship between mean and variance in the Gompertz model was examined based on the standard theory of a second-order autoregressive process.



Appendix H: Raw data on vole abundance 

The total numbers of trapped voles, in a T × N matrix with T = 31 rows, one for each year t = 1962, 1964, …, 1992, and N = 85 columns j = 1, 2, …, 85, are given for each population (Crb###). The amount of trapping effort varied among years and populations (see Appendix I).



Appendix I: Raw data on the number of effective traps

The number of effective trap-nights, in a T × N matrix with T = 31 rows, one for each year t = 1962, 1964, …, 1992, and N = 85 columns j = 1, 2, …, 85, are given for each population (Crb###). The number of traps occupied by non-target species was subtracted from the total number of trap-nights.



Appendix J: Estimates of vole density

Bayesian estimates of the density for each population at each survey and location using WinBUGS. The natural logarithm of densities per one trap-night, in a T × N matrix with T = 31 rows, one for each year t = 1962, 1964, …, 1992, and N = 85 columns j = 1, 2, …, 85, are given for each population (Crb###). 



Appendix K: Bayesian estimates of the Gompertz parameters 

The Bayesian estimate of a1,j, the Bayesian estimate of a2,j, and the Bayesian estimate of the standard deviation SDj of the normal error term in the Gompertz model are given for each population at each year and location.

