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ABSTRACT

We constructed dragonfly distributional models (logistic regression mod-
els) based on occurrence records collected in the national recording scheme
of Japan. Such occurrence records have several shortcomings in that they
only record what is present and not what is absent, and sampling efforts
are highly variable among recording grid-squares (about 10x10 km). More-
over, the accuracy of logistic regression models is strongly influenced by
the presence/absence prevalence. We developed two data screening meth-
ods to select ‘reliable’ species presence/absence data sets from presence-
only species assemblage records: exclusion of grid-squares without enough
survey efforts, and exclusion of grid-squares out of temperature range in
each species. Then we tried to find out landcover-occurrence relationships
within the temperature range based on logistic regression models. We
obtained statistically significant models for 98 species among all dragon-
flies inhabiting the main four islands of Japan (128 species). Goodness-of-
fit tests showed that some landcover types significantly affected the occur-
rence of each species. Area of broad-leaved forests within a grid-square
(10x10 km) had positive effects on the occurrence of 57 species, indicating
that at least 50% of dragonflies depend on forests. Our analysis also showed
that landcover heterogeneity (Shannon-Wiener’s H’) had positive effects
on the occurrence of most species (73 among 98 species). We showed three
examples of habitat maps generated by the logistic model together with
actual occurrence records. We discussed how the model performance might
change in relevance to the data screenings we applied.
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INTRODUCTION

A crucial step in conservation is determining where animals and plant
species occur. This applies to any wildlife including dragonflies. However,
conducting complete field inventories of animal occurrences is generally in-
feasible. Then, animal-habitat models based on environmental surrogate
measures are often used to predict species occurrence, absence, or relative
abundance (review in Guisan and Zimmermann, 2000; Samways 2004). The
first step for generating animal-habitat models is to detect a correlation
between a species’ distribution and the attributes common to the habitats
that might constitute ecological requirements. Although our knowledge of
dragonfly habitat use is limited, our experience to date indicates that spe-
cies respond to the features of their habitats in a hierarchical manner, from
the biotope (e.g., woodland, marsh), through the larval habitat (e.g., pond,
stream), to the oviposition site (living macrophytes, rotting wood) (Wilder-
muth, 1994). Therefore, processes underlying habitat selection of a given
species are rather complex (Corbet, 1999). The main purpose of our analy-
ses is to detect correlations between landcover characteristics and the oc-
currence of a given species in 10 km grid-squares. Therefore, our analysis
may reflect mainly biotope level habitat preference of the species.

We used dragonfly occurrence records collected in the national record-
ing scheme (National Survey on the Natural Environment). Records report-
ed by the network of volunteer recorders provided, to some extent, compre-
hensive coverage of the country. These are immensely valuable for determin-
ing how well or not species are doing over time, as well as the extent of the
geographical ranges of species. The outcome has been the production of an
atlas (Japan Integrated Biodiversity Information System), which provides
an immediate visual overview of present geographical ranges. These types of
maps, based on information in about 10x10 km squares (about 100 km?),
have been used to analyze gross range changes of butterflies of Britain, for
example, and to predict future ranges (Hill et al, 2002), as well to determine
other landscape effects (Warren et al. 2001). However, there are shortcom-
ings with these “record maps”. Firstly, the records are accumulated in an ad
hoc manner, resulting in geographically biased records (Dennis and Hardy,
1999). Secondly the data only record what is present and not what is ab-
sent. Thirdly, they do not recognize recorder effort that can bias results
(Dennis et al., 1999). Fourthly, abundance is neglected though it gives im-
portant survival implications for populations.

We report here our recent efforts to overcome these shortcomings in-
herent to the national recording schemes. We have developed a method to
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obtain species presence/absence data sets from presence-only species as-
semblage records. Based on the data sets we tried to find out suitable sur-
rogate measures for the dragonfly-habitat models for all species. The results
were used to categorize the diversity of habitat selection in dragonflies and
to generate potential habitat maps of each species.

DATA SOURCES

Dragonfly records

Historical occurrence records of dragonflies in Japanese national re-
cording scheme between 1900 and 1999 consist of 107,717 records, which
include 205 (sub) species, though most of the records (>90%) were collect-
ed after 1980 (Biodiversity center of Japan, 2002). Each dragonfly record
includes information of species, grid code, year and month of collection or
sighting. We limited our analysis to the four main islands (Hokkaido, Hon-
shu, Shikoku and Kyushu) in order to avoid island effects (effects of small
land area and distance from mainland). The number of 10x10 km grid-
squares covering Japan’s mainland is 3,961 and the number of grid-squares
in which at least 1 species is recorded is 3,083. Therefore, one fourth of
grids have no records. The number of records at each grid-square ranges
from 0 to 1400 with an average of 18, and the number of species ranges
from 1 to 70 with an average of 7. These figures suggest that occurrence
records provide incomplete species lists for most grids, though some of
them may provide almost complete lists of species, particularly when the
number of occurrence records is large.

Historically, 148 species have been recorded within the main islands of
Japan. Among them, we used 128 inhabitants for the analysis excluding sea-
sonal migrants and apparent vagrants.

Climate data

Temperature data were obtained from “Mesh Climate Data 2000” (Ja-
pan Meteorological Business Support Center, 2002) that was released from
the Japan Meteorological Agency. This dataset includes 1x1 km grid-square
temperature data covering the whole of Japan, which was averaged for 30
years between 1970 and 1999. We calculated the average temperature for each
10x10 km mesh and used it for analysis.

Landcover data

We used a vegetation data set derived from the National Survey on
the Natural Environment (Biodiversity Center of Japan, 1999). In this
dataset, area of vegetation and land use types (about 358,200 km?) are
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described with vector data (polygon-shaped), and categorized into 326
types mainly based on the plant community structures within each poly-
gon. In order to simplify our analysis, however, we re-categorized them
into 9 landcover types: broad leaved forests including evergreen and decid-
uous forests (BLF), coniferous forests including cypress and cedar planta-
tions (CF), grassy land (GL), wetland vegetation (WL), bamboo or sasa-
plant vegetation (BS), paddy field (PF), agricultural land use other than
paddy field (AF), urban area including residential area, factories and ar-
chitecture (UR), and others. Table 1 shows the area and the proportion of
each landcover types of main lands and that of selected 361 grids (see
below). In addition, we used Shannon-Wiener’s H’ as a measure of land-
cover heterogeneity,

H =-ZXP (log, P),

where P, is a proportion of a given landcover type within a given
square-grid.

Table 1. Proportion of landcover types in Japan’s main four islands and selected grid-
squares for analysis (see text). Contingency table analysis showed that the composition
of landcover types of selected grid-squares are significantly different to that of Japan’s
main four islands (G=6730.5, P<0.001). Higher proportion of UR in selected grids
probably reflects that it is easy to approach, and lower proportions of CF and BS
reflects that recorders usually take little interest in such landcover types.

Land cover type Area in main islands % Area in selected 361 grids %

BLF 123,397 31.6 10,054 29.0
CF 106,639 27.3 6,860 19.8
GL 23,130 5.9 1,339 3.9
WL 3,396 0.9 404 1.2
BS 21,174 5.4 488 1.4
PF 42,345 10.8 5,848 16.9
AF 28,007 7.1 3,048 8.8
UR 20,841 5.3 5,281 15.2
others 21,850 5.6 1,383 4.0
Total 390,779 km? 100.0 34,704 km? 100.0

Abbreviations: BLF, broad leaved forests including evergreen and deciduous forests;
CF, coniferous forests including cypress and cedar plantations; GL, grassy land; WL,
wetland vegetation; BS, bamboo or sasa-plant vegetation; AF, agricultural land use
other than paddy field; PF, paddy field; UR, urban area including residential area,
factories and architecture
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ANALYTICAL PROCEDURE

Temperature range of each species

At a broad scale, the main controlling factors of species’ geographic
ranges are probably climatic conditions (temperature). It is not meaningful
to analyze the relationship between landcover types and species occurrence
where temperature conditions are not suitable. Therefore, we estimated tem-
perature limits of a given species based on the annual average temperatures
of all grid-squares where the species was recorded. As a rule, the temperature
range of each species was defined as the range where 95% of grids are includ-
ed. Therefore, minimum and maximum temperature were at 2.5% and 97.5%
points respectively. This procedure is probably effective in excluding latitudi-
nal and altitudinal outliers of the distribution. In cases where the target
species occurs further south from the main islands, maximum temperature
was defined separately as the highest temperature within the main islands
(17.8°C). The results of temperature range estimation are shown in Appendix
Table 1. It should be noted that the occurrence probability might vary even
within the temperature range of each species.

Selection of grid-squares for analysis

It is expected that the more occurrence records of any species we have
within a grid-square, the more its species list will become complete. Let’s sup-
pose that we make several inventory efforts over the years within a grid-square.
During the first inventory we may obtain a list of some proportion of species
living within this grid-square. In the next inventory we may add some new
species into this list, but the list of new species is likely to be smaller than the
previous one. The list of new species will become gradually smaller as we repeat
this procedure (Fig. 1). The relationship is often described using a negative
exponential function relating the number of species (S) to the number of records
chronologically accumulated (7). This relationship is given by

S =5 [1— exp(-br)],

where S, the asymptote, is the estimated total number of species in a
given grid-square and b is a fitted constant that controls the shape of curve
(e.g., Gotelli and Colwell 2001; Lobo & Martin-Peira 2002; Colwell et al.
2004). The curvilinear function was fitted by the quasi-Newton method using
Mathematica (v.5.1). We also calculated the 95% confident interval of S and
determined the adequacy of records in each grid-square. Where the number of
species recorded was within the confidence interval, we assumed that the
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Fig. 1. A typical relationship between the cumulative number of dragonfly records
and the cumulative number of dragonfly species in a grid. As the species list becomes
larger, new species are less likely to be added in the list. Number of species present
in the grid was estimated by fitting a negative exponential equation (see text).

records made up an almost complete species list. As a result, we selected 361
grids for analysis.

The selected grids cover about 10% of the whole area, and the propor-
tion of each land cover type in the selected grids was roughly the same as that
of whole land area except for UR, CF and BS (Table 1). Contingency table
analysis showed that the composition of landcover types of selected grid-
squares was significantly different to that of Japan’s main four islands
(G=7369.4, P<0.001). Higher proportion of UR in selected grids is probably
due to the easiness of approaches, and lower proportions of CF and BS re-
flects that dragonfly recorders usually take little interest in such landcover
types. This kind of bias is difficult to avoid when we deal with records report-
ed by the network of volunteer recorders. The ability of the model to detect
the effects of UR may be stronger and that of CF or BS may be weaker than
other variables. Therefore we should be careful in interpreting the results.
However, some preliminary analyses reducing the number of UR-rich grid-
squares showed that such effects were not large.

The selection of grids reduced the number of species for statistical anal-
ysis, because some species are recorded only once or less among the selected
grids. We therefore excluded these species and consequently we analyzed 126
out of 128 species.
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Construction of logistic models and evaluation

Using the selected datasets of 361 grid-squares, we analyzed the effects
of landcover type on the occurrence of each dragonfly species using multiple
logistic regression models coupled with a stepwise variable selection proce-
dure (JMP v.6.0, SAS). Because logistic regressions results tend to be influ-
enced by extreme prevalence scores, it is necessary to use the same number of
presence and absence records. As this condition is not generally satisfied even
if we excluded grid-squares out of temperature range, we used weighing meth-
ods suggested by King and Zeng (2000) using the prevalence value calculated
in the later section.

The discrimination ability of logistic regression models was quantified by
calculating statistics from a confusion matrix of predictions and observations
(Fig. 2) (e.g., Edwards et al. 1996; Boone and Krohn 1999). A species was
predicted to be present or absent at a grid-square based on whether the pre-
dicted probability for the grid is higher or lower than a specified threshold
probability. We used the relative operating characteristic (ROC) curve (Field-
ing and Bell 1997; Manel et al. 1999; Guisan 2002) to find out a suitable
threshold probability. An ROC curve is a plot of the specificity and false posi-
tive values of sensitivity obtained by considering a large number of threshold
probability values. We show the ROC plot of a logistic model for Calopteryx
cornelia as an example (Fig. 3). For a given threshold, sensitivity is the propor-
tion of occupied grids correctly classified by
the model as occupied. We used sensitivity- Calopteryz cornelia
specificity sum maximization approach (Can-
tor et al. 1999, Manel et al. 2001) to deter-

mine threshold cut-off to predict distribution. 42}0‘8
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A more universal accuracy measure should describe the accuracy of the
whole model and not just its performance for a given threshold value. One
such measure is the area under the ROC curve. The area under this curve
(AUC), expressed as a proportion of the area yielded by a model with perfect
accuracy, provides a measure of discrimination ability. This area is equivalent
to the Mann-Whitney-Wilcoxon statistic (Hanley and McNeil 1982), and ranges
between 0.5 and 1.0, with 0.5 indicating discrimination performances equiva-
lent to a random model and 1.0 indicating complete discrimination for occu-
pied and unoccupied grids.

RESULTS

Prevalence of species

Among selected grid-squares, we classed them within and out of the
range of temperature conditions for a given species. Appendix Table also
shows the total number of grids within the temperature range for each drag-
onfly among selected grids (Nt), and the number of grids in which the drag-
onfly was actually observed (Np). Np/Nt ratio is the positive prevalence of
species. Np/Nt value ranged between 0.0 and 0.9, indicating a wide spectrum
in prevalence among species.

Model performances

Fig. 4a shows the frequency distribution of AUC. Pearce and Ferrier
(2000) provide guidelines for interpreting the 0.5-1 ranges. They suggest that
values greater than 0.9 indicate an excellent level of discrimination. Values
between 0.7 and 0.9 indicate a reasonable level of discrimination, while values
between 0.5 and 0.7 indicate poor to marginal discrimination ability. Based
on this criteria, models for 73 species among 98 species showed acceptable
(AUC greater than 0.7) levels of discrimination, while models for 25 species
showed poor levels of discrimination.

Fig. 4b,c and d show frequency distributions of OPS, sensitivity and
specificity, respectively. Average OPS was 0.697 (+ 0.066 s.d.). Average sen-
sitivity and specificity were 0.744 (£ 0.101 s.d.) and 0.666 (£ 0.101 s.d.),
respectively.

Effects of landcover type on dragonflies

Results of model evaluations are summarized in Appendix table. We
could obtain 98 statistically significant models among 128 dragonfly species.

As results of goodness-of-fit tests, we could identify which landcover
types explain and how strongly each landcover type (positively or negatively)
is associated with the occurrence of each species, as well as to assess the
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Fig. 4. Discriminative performance of logistic models applied to 98 dragonfly species.
Model-building data: grid-squares out of species temperature range were excluded
from 361 well-surveyed grid-squares. (a) Frequency distribution of area under ROC
curve (AUC), (b) Overall prediction success (OPS), (c) Sensitivity, and (d) Specificity.

temperature effects on it (Table 2 and 3). We will briefly describe general
features of these parameters

Temperature had positive effects (P<<0.05) on 55 species out of 98 spe-
cies, while on 24 species it had a negative effect, indicating that most of
dragonflies prefer warmer climate conditions. For the remaining 19 species
temperature had no significant effect. These species may have alternative
responses to temperature conditions, including unimodal or uniform effects of
temperature, or it is merely due to small sample size.

Broad leaved forests (BLF) had positive effects (preference) on 57 out of
98 species, and negative effects (avoidance) on 8 species. All Calopterygidae
preferred BLF, and most of Aeshnidae, Gomphidae and Corduliidae also pre-
ferred BLF. On the other hand, the preference to BLF is variable within
Coenagrionidae and Libellulidae.

Coniferous forests (CF) had positive effects on 43 species and negative
effects on 26 species. All Calopterygidae preferred CF, and most of Gomphidae
also preferred CF. Most of species that showed preference to CF also pre-
ferred BLF (39 out of 43 species). These results probably indicate that forest
dragonflies generally prefer BLF to CF, but only a few of them show clear
distinction between BLF and CF.

Grassy land (GL) had positive and negative effects on 6 and 18 species
respectively, and it had no significant effects on 74 species, suggesting that
this kind of habitat was not a critical habitat for most dragonfly species.
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Wetland vegetation (WL) had positive and negative effects on 23 and 18
species respectively, and it had no significant effects on 57 species. Most of
Coenagrionidae, Corduliidae and Libellulidae preferred WL, while some Ca-
lopterygidae, Lestidae, Aeshnidae and Gomphidae avoided WL.

Bamboo vegetation (BS) had positive and negative effects on 5 and 21
species respectively, and no significant effects on 72 species. No odonate fam-
ily showed consistent preference or avoidance to BS, however, BS was gener-
ally avoided by most dragonfly species.

Paddy field (PF) had positive and negative effects on 49 and 8 species
respectively. Most of Lestidae, Coenagrionidae, Aeshnidae, Corduliidae and
Libellulidae showed preference to PF, reflecting that paddy fields are im-
portant habitat for various dragonfly species. However, some Gomphidae
avoided PF.

Agricultural field (AF) excluding paddy field had positive and negative
effects on 9 and 31 species respectively. No particular dragonfly family showed
consistent preference or avoidance to AF.

Urban area (UR) had positive and negative effects on 52 and 6 species
respectively. This was an unexpected result to us, however this result might
reflect that UR area usually consisted of small but various types of landcover:
i.e., private gardens with small ponds, cemetery parks, parks with ponds,
small forests, school grounds. Sampling bias toward UR might increased the
number of significant results, but it is still apparent that many dragonflies are
inhabitants of urban areas.

Landcover heterogeneity (H’) had positive effects on 73 species. Although
one species showed a marginally significant negative effect (Epitheca bimacu-
lata sibirica), the results suggest that dragonflies generally require multiple
landcover types within about 10x10 km size of habitat.

Generation of habitat maps

Based on logistic models constructed using presence/absence data from
361 selected square-grids, together with landcover data for the whole area
(3961 grids), we could extrapolate occurrence probabilities even for grid-
squares without any dragonfly records. We show predicted habitat maps for
three species in Fig. 5: Calopteryx cornelia, Ischnura senegalensis and Orth-
etrum albistylum speciosum, which are representatives of three different levels
of prevalence (Np/Nt = 0.405, 0.572, 0.963, respectively). Dark squares in
each predicted habitat map represent occurrence probability higher than the
threshold cut-off. A grid map of occurrence records is shown immediately to
the right of the predicted map. Even on the commonest species (O. a. specio-
sum), it is suggested that there are many grids in which the species is expect-
ed to occur but not recorded yet.
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Fig. 5. Habitat maps predicted for three dragonflies: (a) Calopteryx cornelia, (b)
Ischnura senegalensis and (c) Orthetrum albistylum speciosum. Dark squares in each
predicted habitat map represent grids with occurrence probability higher than the
threshold cut-off estimated (see Fig. 2). Grid maps of occurrence records are shown

immediately to the right of the predicted maps.
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DISCUSSION

Predicting species distributions is an important step for environmental
conservation and biodiversity management. For this purpose, many modeling
techniques to predict species presence/absence have been developed (e.g.,
Fielding and Bell 1997, Mantel et al. 1999, Austin 2002). Model prediction is
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Fig. 6. Frequency distributions
of positive prevalence estimat-
ed for 98 dragonfly species. (a)
pseudo positive prevalence
without any data screening (all
the available presence-absence
information). (b) positive prev-
alence calculated using 361
well-surveyed grid-squares. (c)
positive prevalence calculated
using well-surveyed grid-
squares excluding grids out of
distributional temperature
range for each species.

largely influenced by the prevalence of model-
building data, and several researchers tested the
effects of the prevalence on assessing indices for
model performance (e.g., King and Zeng 2000;
Liu et al 2005). However, there are some more
practical problems before building models.

Any wildlife distributional predictive mod-
els require an accurate presence/absence
dataset. However, it is not always easy to ob-
tain a high quality model-building data. One of
the serious problems in obtaining an accurate
presence/absence data comes from characteris-
tics of “absence” records. Absence records are
almost always less reliable than present records,
because we can be confident about the pres-
ence of species if we observed one or more indi-
viduals within a local area but we are generally
less confident about absence even if we did not
see any individual during many times of sur-
veys within the same area. Reliability of ab-
sence records is expected to increase only by
increasing survey efforts, although perfect con-
fidence of absence will not be obtained practi-
cally. We believe that the method used here is
an efficient way to select well-surveyed square-
grids. Fig. 6a shows the frequency distribution
of pseudo-positive prevalence for all the avail-
able presence-absence information (without any
data screening). While Fig. 6b shows the fre-
quency distributions of positive prevalence for
well-surveyed square-grids without considering
upper and lower temperature limits of each spe-
cies. It is apparent that model building with-
out any data screening is misleading. Therefore
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the inclusion of poorly surveyed grids into model-building data always lead
to underestimation of positive prevalence.

Several accuracy indices derived from a confusion matrix are usually
used to assess the model prediction (for example, OPS (operational sex-ra-
tio), Sensitivity, Specificity). However, some values are sensitive to prevalence
(p). For example, OPS is affected by the prevalence since OPS = p - sensitiv-
ity — (1-p) - specificity (Ruttiman 1994), where sensitivity is the ratio of
correctly predicted positive cases to the total number of positive cases and
specificity is the ratio of correctly predicted negative cases of the total num-
ber of negative cases. Liu et al. (2005) examined the effects of prevalence of
model-building data on indices of model predictive ability (including OPS,
sensitivity, and specificity) in relation to threshold determining approaches
(including sensitivity-specificity sum maximization approach that is used in
this study). They confirmed that OPS is highly sensitive to very low or very
high prevalence, while sensitivity and specificity are less sensitive to preva-
lence when sensitivity-specificity sum maximization approach was used.

Our second data screening procedure was to discard meaningless records
from model-building data by establishing upper and lower temperature limits,
which aimed to balance the numbers of presence and absence records as much
as it is possible. We will now examine the effects of this data screening on AUC
and on three indices of model performance (OPS, sensitivity and specificity).
Fig. 7 shows frequency distributions of AUC, OPS, sensitivity and specificity of
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Fig. 7. Discriminative performance of logistic models applied to 98 dragonfly species.
Model-building data: 361 well-surveyed grid-squares. (a) Frequency distribution of
area under ROC curve (AUC), (b) Overall prediction success (OPS), (c) Sensitivity,
and (d) Specificity.
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well-surveyed grids when upper and lower temperature limits were not taken
into account. Average AUC was 0.773 (£ 0.076 s.d.), which was slightly larger
than that of well-surveyed grids with establishments of temperature limits (Fig.
4; 0.754 £ 0.068 s.d.), but there was no significant difference between them (%
test, P=0.09). Average OPS was 0.701 (+ 0.082 s.d.) that was almost the same
as Fig. 4b, and there was no difference between them (#test, P=0.730). Aver-
age sensitivity of Fig. 7c was 0.786 (£ 0.121 s.d.) and was significantly larger
than that of Fig. 4c (t-test, P=0.009). Average specificity of Fig. 7d was 0.661
(£ 0.118 s.d.) and was not different to that of Fig.4d (ttest, P=0.769). In
conclusion, the exclusion of grid-squares out of species temperature range did
not generally increase the model predictive ability measured as OPS, sensitivity
or specificity. However, the effect of the establishment of temperature range
was variable from species to species. This may be because this treatment re-
duced the size of model-building data. The difference in sensitivity between
models with and without temperature limitations was negatively correlated
with the difference in specificity between models (Fig. 8). Therefore, it is a
matter of choice which model-building data we should use in the conservation
practice. For example, if a model is used to find grids likely be present, a model-
building data that gives high sensitivity may be preferred. On the other hand,
if a model is used to find grids likely be absent, a model-building data that gives
high specificity may be preferred.

We have shown that relatively simple logistic models have the ability to
describe habitat preferences and produce habitat maps for dragonfly species
after careful data screening. The logistic regression models we used for the
analysis were successful in describing landcover-habitat relationships for 98
species, with acceptable levels of model performance for 73 species. However,
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Fig. 8. Relationship between the increases (or decreases) in sensitivity and specificity

caused by the exclusion of grid-squares out of species temperature range from model-
building data.
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we still have 25 species with poor levels of model performance and some more
species not analyzed properly. One way to improve the model performance is
to increase the number of reliable gird-squares. However, it is not always an
efficient procedure, because most species have a small geographic range. It
might be useful to change the grid size, for example from 10km (as used here)
to 1 km or smaller, and make sampling in a more confined area. Cowley et al.
(1999) found, by mapping at the fine scale, British butterflies to be declining
faster than conventional coarse-scale maps suggested.

We have not used river data for our analyses, because digital cartogra-
phy of the small (first order) streams is not available at this moment. This
means that we assumed there are no 10 km grids without streams. Although
this is generally correct, it is not always the case. Incorporation of river data
may improve our predictions particularly for stream dwelling dragonflies (mainly
Calopterygidae and Gomphidae).

By analyzing habitat relational models independently on all species, we
can give insight to habitat preference of species in a quantitative manner, as
well as rank species according to their sensitivities to environmental change.
When models for all (or most) species are constructed, the difference in species
composition between a list predicted from the models and a list from actual
records would be useful as an indicator of environmental conditions of the grid.

ACKNOWLEDGEMENTS

We thank Kaoru Imaizumi-Jonathan and Chihiro Kato for their help
with data collection, analysis, and modeling. Comments by two anonymous
reviewers improved this paper very much. This work was partly supported by
the Global Environment Research Fund of the Ministry of the Environment
of Japan.

REFERENCES

Avustin, M.P. 2002. Spatial prediction of species distribution: an interface between
ecological theory and statistical modeling. Ecological Modelling 157:101-118.

BiopiversiTy CENTER OF JAPAN. 1999. The national survey on the natural
environment: Vegetation map. CD-version. Ministry of the Environment,
Japan (in Japanese)

BiopiversiTy CENTER OF JAPAN. 2002. The national survey on the natural
environment: Report of the distributional survey of Japanese animals
(Dragonflies). Ministry of the Environment, Japan (in Japanese)

BoonE R. B. & Kroany W. B. 1999. Modeling the occurrence of bird species: are
the errors predictable? FEcological Applications 9: 835-848.



200 Yoshitaka Tsubaki & Nobuyuki Tsuji

CanTOR, S.B., Sun, C.C., TorTtoLERO-LUNA, G., RicuarDs-KorTuM, R. & Forren, M.
1999. A comparison of C/B ratios from studies using receiver operating
characteristic curve analysis. Journal of Clinical Epidemiology, 52: 885-892.

CorBET P. S. 1999. Dragonflies, behaviour and ecology of Odonata. Harley Books,
Essex.

Cowrey, M. J. R., Tromas, C. D., TrHomas, J. A. & WaRrreN, M. S. 1999. Flight
areas of British butterflies: assessing species status and decline. Proceedings
of the Royal Society of London, B 266: 1587-92.

Dennts, R. L. H. & Harpy, P. B. 1999. Targeting squares for survey: predicting
species richness and incidence of species for a butterfly atlas. Global Ecology
and Biogeography Letters 8: 443-454.

Dexnnts, R. L. H., Srarks, T. H. & Harpy, P. B. 1999. Bias in butterfly
distribution maps: the effects of sampling efforts. Journal of Insect
Conservation 3: 33-42.

Epwarps T. C., Desarer E.T., FosTeER D. & Moisex G.G. 1996. Adequacy of
wildlife habitat relation models for estimating spatial distribution of
terrestrial vertebarates. Conservation Biology 10: 263-270.

Freromwve A. H. & Bewn J. F. 1997. A review of methods for the assessment of
prediction errors in conservation presence/absence models. Environmental
Conservation 24: 38-49.

GoterL N.J. & Corwrerr R.K. 2001. Quantifying biodiversity: procedures and
pitfalls in the measurement and comparison of species richness. Ecology
Letters 4: 379-391.

Comwrrr, R. K., C. X. Mao & J. Crang. 2004. Interpolating, extrapolating, and
comparing incidence-based species accumulation curves. Ecology 85: 2717-
2727.

Gursan A. 2002. Semiquantitative response models for predicting the spatial
distribution of plant species. In: Scott, J.M., Heglund, P.j., Samson F.,
Haufler, J. Morrison M., Raphael M. & Wall B. (eds.), Predicting species
occurrences: issues of accuracy and scale, pp. 315-334, Island Press, Covelo,
California.

Guisan, A. & ZniMeERMANN, N. E. 2000. Predictive habitat distribution models in
ecology. FEcological Modelling 135: 147-186.

Hantey, J.A. & McNEm, B.J. 1982. The meaning and use of the area under
receiver operating characteristic (ROC) curve. Radiology 143: 29-36.

Hmr, J. K., Tromas, C. D., Fox, R., TeELrEr, M. G., WiLLis, S. G., AsHER, J. &
HuntrEY, B. 2002. Responses of butterflies to twentieth century climate
warming: implications for future ranges. Proceedings of the Royal Society of
London, B 269: 2163-2171.

JAPAN METEOROLOGICAL BUSINESS SUPPORT CENTER. 2002. Mesh climatic data of
Japan. CD version. Japan Meteorological Agency.

Kixe, G. & Zexc, L. 2000. Logistic regression in rare events data. The Global
Burden of Disease 2000 in Aging Populations, Research Paper No. 2.

L C., Berry, P.M., Dawson, T.P. & Pearson R.G. 2005. Selecting thresholds of
occurrence in the prediction of species distributions. Ecography 28: 385-/393.



Dragonfly distributional predictive models in Japan: relevance of land cover ... 201

Logo, J.M. & MAaRTIN-PIERA, F. 2002. Searching for a predictive model for species
richness of Ibeerian dung beetle based on spatial and environmental variables.
Conservation Biology 16: 158-173.

MaNTEL, S., D1as, J.-M. & OrmEeROD, S.J. 1999. Comparing discrimination analysis,
neural networks and logistic regression for predicting species distributions: a
case study with a Himalayan river bird. Ecological Modelling 120: 337-347.

ManTEL, S., Wirniams, H.C. & OrMmEROD, S.J. 2001. Evaluating presence-absence
models in ecology: the need to account for prevalence. Journal of Applied
Ecology 38: 921-931.

PEaRrcE, J. L. & FERRIER, S. 2000. Evaluating the predictive performance of
habitat models developed using logistic regression. Ecological Modeling 133:
225-245.

Rurrtivan, U.E. 1994. Statistical approaches to development and validation of
predictive instruments. Critical Care Clinics 10: 19-35.

Samways M. J. 2004. Insect diversity conservation. Cambridge University Press,
Cambridge.

Warren, M. S., Hir, J. K., TrOMAS, J. A.; et al. 2001. Rapid responses of British
butterflies to opposing forces of climate and habitat change. Nature 414:
65-69.

WiLpeErMuTH 1994. Habitatselektion bei Libellen. Advances in Odonatology 6:
223-257.



202 Yoshitaka Tsubaki & Nobuyuki Tsuji

’ ’ ’ ’ ' ’ ’ : 1666°0 ¢€0°0 T 1€ voo€e9el  ve LY suvbiaa suvbz)a vinuiyosy 9¢
6818°0  ¢889'0  ¥wL'0 LIT €g €¢  VOT  0L5°0 9180 10000~ @LS°0 OLT  L6T €€¢ T10CT SLT V11 SISUBIDEUIS DANUYIST 54
81490 0LPL'0 8190 9 1¢ 8L 9VT  L8F'0  €8L°0 T000°0= 0.Lg0 €8  L0€ L8T 0091 €91 601 wngnibi, w0ty Ve

winunnfiynfii
000°T 610°0 ¢ S01 9T clLS 8L 971 WNINUDIND UOLIHDLIZY) €¢
91€9°0 €S0 v0L0 L6 88 9¢ 96 9140  LI80 T000°0= T9T°0 v VLo 16 G6¢T <91 ¢'el wnoruoddiu woLibvLizy) [44
6€47°0  T80L°0 €690 T€T 19 €8 69 0870 0650 10000~ 6FPS°0 G8T  LEE 19F 7PeE€ec 991 L4 WRINUD]IUL UOLUIDLIZ) 1¢

’ ’ ’ ’ ' ’ ’ ’ | 000°T &v0'0 €1 01€ ¢E SGP8T €91 L°0T 195041 UOLIGDUOLIO ] 0T
crrL0 769590 90L°0 1i% 1€ 99 ¢61 G¥S0 6990 T1000°0> 8IE0 ¢l 08e 84T 60€C 6'9T €8 uoruaRs UOLLVUOLIO P 61
L¥9L°0 0000°T  L8L0O 6 0 0c G9 9090 8L8°0 TO000= 9600 6 76 ¥e 8¢S 9LT LVI avzfiio punuaf suuausoLly  depruoLsenao)) 81

’ ’ ’ ’ ’ ’ ! L66'0 €500 0T 06T 1T GLL 09T 8Tl s15U90fi§07 D120 L1
cTe’’0 G4re0 6990 80T 06 g¢  yel @890 GR9'0 TO00D'0O= TLG0 86T  LPE LSV ¢vse T9T 99 vppuuD 0.02doyH 91

’ ’ ’ ’ ' ’ ’ ’ ' 000°T  8S0°0 ¥ 69 YL 89€T €¢l 94 Dupobnya SUUBUNID] ] g1
09¢9°0  TLG8°0 6790 Ve 14 g6 69T  L0P'0  ¥0O80 TO00°0= 6600 8¢ 8¢ L8 Ge8T ¥'4T 86 wyDSDS DIIVUOf SUUIUINID] ] FePIPTULDUIAIR[] FT
IP19°0  €8L9°0  9€9°0 8L L€ €6 8PI  80S°0 €L9°0 T1000°0> €c€'0 GIT 96¢  9¥c  8EEE VLT LT vosipavd vwsadulis €1
€0€5°0  ¢eIL’0  T¥9'0  9vl 69 9 0L CLV0 9890 T000°0= 8090 S0 L& €S Lyee S'LT  L'L snutiba.ad sajsajopuy ¢l
T1€9°0  PCSL'0  80L°0  8GT 4 i LLTLVO 9€L°0 TO000=> €€9°0 O0Tc  ce€ L8y 60cc 09T LA sypLodwidy 3537 1T
veL’0  ¢S19'0  €0L°0 LT 9T 08 0T¢ €gVh0 ¢E€L0 T000°0= cO0T0 €6 €ce 99 €EET 6'9T 88 snowuodvl sajsa7] 0T

’ ’ ’ ’ ’ ’ : : : 000°T 0S¢0 g 0¢ ¢l 66  TL 91 svliip $37597 6
0TLS0  09€L°0 6890 6 €€ T0T  GE€T  9.9°0 0690 T0O000~ GESO €61 19¢  6¢v  pece €91 T€ Dsuods §2)597 ovpnsoT g

’ ’ ’ ’ ’ ’ ’ ’ | 7L6'0 G500 8T 8¢E ¥y 80€c 19T 06 1ovay §959)0prdny sepruous )

’ ’ ’ ’ ! : ! 000°T €10°0 ¥ 8I€ 0¢ 9€0¢ 89T 001 SIADINID. §2159)0Prdnfa] “epodesopy 9
TL89°0 6¢vL0  €IL°0  ¥OT 9€ 16 CIT eSO 6440 TO000= ©TI9¥P'0 OFl €0€ LV 6L9C TST 67 SIS0 SIDUN g
01690  L86L°0 TvL'0 €CI 1€ g¢ €¢I €6V°0  88L°0 TO00'0= P¥IV'0 VAT cet  ¢4e  geeT €91 L8 vsoun.d sWwupy ¥
LCLLO0 96880 96L°0 CIT €C Gy €91 6850  GER'0 100070~ GOP'O  GET €e6 90¢ 091¢ 19T 8L 01109 Tfii2)d0jny) €
8€49°0  6VIL'0 G690 84T €9 9€ 89  86¥V'0  6IL°0 T000°0= 0890 Tgc  Gc& 009 89T ¥I9T 96 D030 Thisa}dopn) 4
L26£9°0  89GL°0 €890 8C 6 96 69T  PI9¥'0  69L°0 T000°0=- €TI0 Le  ¢0E  €ET  G¥Iic 99T 88 vowodnl whiwajdomy  sepisimeydore) [

L1 91 13 S 4 SN I SR 4 S 1§ o1 6 8 L 9 g 4 € 14 I sopads Aqrurey oN
(soxenbs-pri3 196¢)
soxenbs prid ueder jo spuefst
S[OPOUI JTJISO] JO DIWBULIOJIOJ 19¢ poId[as anoj ureAl
Ayoyoads

- LT SANATYISUDS - QT (9JRI UOIYRDIISSRID 1001100) YD) - ¢ ‘oanisod oniy - F1 ‘oaresou ose] - ¢] ‘oanisod as[e] - g 0A1eSoU NIy - [T ‘uonnquisip 1o1paid 03 Jo-md poyseay ], - O
{(pAmMD DOY WPUN BOIY) DOV - 6 {1591 1J-JO-ssaupoos Jo g - 8 IN/AN * 9oudesdrd 9a1soJ - L ‘AN ‘SpI0oor i sarenbs-pus jo maqumy - 9 (N ‘9Suer omjendurd) unpim sorenbs
-PUIS JO QUMY - G {PIOOAI T 4SBI] e [IM sorenbs-pus jo wqumy - § ofuet amjeodurd) unjm sorenbs-pus jo mqumy - ¢ ) amjerodus) oysny - g Hrur] amieduro) mof - |

‘uede Jo Spue[SI INOJ UTeW SUIYIQRYUL

seads AfjuoSelp gz 10] s[epour o1)s130] jo eoueuLIOjIod puR ‘SPIOdSI [RUOIINGLIISIP M 9SO} JO Ioquunu pue ‘()xXo) 09s)
serenbs-plIs 19¢ pejos[es Suowe dguel arnjseradure) urym serenbs-puis jo mequnu ‘wede Jo SPUR[ST INOJ UIRUW UMM 9SURI
amjeradure) uryim serenbs-pris Jo Ioquunu ‘SpIodal [RUOHINJLISIP seolods wolj pajeunr)ss asuerl armjeioduwe], *o[qe) xipuaddy



203

relevance of land cover ...

Dragonfly distributional predictive models in Japan

120L°0  ©8SL'0  VEL'O SET a4 44 66 €670 06L°0 T0000= €990 &8I €ce 84y 08LT ¥9T L6 sdouavjous sniyduobvisy [4Y
€999°0  ¥8¥9°0 1990 69 149 P8 L9T  G¥PS'0  ¥L9°0 T000°0= 9920 16 ¢t 961 gGcoe 991  9'€ SLMI01s0d. snayduior) 19
: : : : : ’ . : . 000°T LT0°0 ¥ 0€e 0T 6¢0T €91 O€l sngvpnuuD snan)fiyg 09

: : : : ’ . : €60 0700 €1 yee SIS A A ) B N snunfiobvu sn.njliyg 64

. . : . ' : ’ . " 6E8¢0 1200 L vEE 0z 8¢S TI9T €8 SngDIN20. SnAn)fipg 8¢
€979°0  10€9°0  ¢¥9°0 9¥ LT €8 T9T 9290 1690 T000°0= 8ET0O €L L0€ LIC Vo6 991 VG wyovows snydwiobosiuyy sepriduion L
0009°0  66€L°0 €990 99T 8¢ 24 7S P69°0 6290 T000°0> T¥L9'0 €CC 166 G0G Gg0T ©9T 88 smwusvfoubiu snyprospfolbi zouy 9¢
T2EL'0  TESR'0  €E€8°0  ¥We 44 qr Iy TILV0 0980 T0000=> 9€8°0 98¢  ¢he €LL 89Tc 991 T'L snapnl’ adouayiwd Touy qq
GECr'0  Gee8’0  GL9°0 86 ¢ €11 €8 LZP'0  679°0 T000°0= 8LE'OD 61T GIe  €ee  8LLT G91 ¢0T UIDUL DULYOSIDIIDUY 12
: : : : : ’ . ’ ’ 000°'T ¥00°0 T €9¢ ¢ Lve 9¢T 0°¢T Dapudsvl DUYISIVIIVUT €9

: : . : : ’ . : . LTL°0 9110 ve  L0g 19 9¢ve 6€1 99 DUDYIUOS DITIUL DUYSIY 49

: : : : : ’ . : . T€L0 0920 g 0c ¢l 98 T'L 61 DO1OLDNE DIILDGNE DUYSIY 14
€090 0PL8°0 60L0 TIT 91 29 6L €L£0 16L°0 T000°0= ¥LVP'O Lgl 89¢ €0F 0¢6Cc 9¥I 6C vavpfo.ubr vuysaty 0¢
96990 LV6S'0  FELO 89 8 €¢ 00T  TIPEO0  OP80 TO00°0= CEE0 9L 6¢c  V0E €68¢ TVI €T D2oUNL VPIUNL VUYSIY 67
vrey0  LeLL°0 9190 90T 1€ 06 88  ¢SP'0  6.9°0 T000°0> GEV'O LET GI¢  T1.T  6LLT €91 €01 DU UL DUGDYUDIfO ] 8
68050 0LI8'0 9990 gcl 8C €8 98 8PP0 L69°0 T000°0= GLV'O €91 ¢ce  6cE 6987 L9186 vowodl ypuILULiD Ly
1965°0  89€L0  6V9°0 41 a1 ¢8 12T 6L7°0 8690 T1000°0> LTc0 L8 162 ¢6  LVOT €91 8CI D423dosiun D2qapYydouyIsay 9
€0PL°0 0099°0  9TL°0 99 ve 09 TLT E¥s0  TLL0 T000°0> €OE0 00T €6 0LT 69cc T91 L8 vwbysibuo) vigapydouyosay 1
L29L°0  SOTL0  6€L°0 80T a4 ¢y GET GES'0  08L°0 TO00'0= C9v'0  cSt 6ce 066 G0cc 091 ¢'% LU DUYISIDUD]J 144
¢0T9°'0  0L08°0  ¥L9°0 ¢6 44 ¢6 P v0S0  0€L°0 TO00'0= 92€0  VIT 0¢€ ¢ve @881 /9T 96 )y V10 1914
L219°0 06990 9€9°0 96 Ly 6L G¢I  v0S'0  6.9°0 TO00°0= OIV'0 @Cvl gpe  06¢  T119¢ €91 69 iafiud vuyssavoby) orPIIYsAy g
TI8L'0  ¥P6V'0  C0L0 144 v TG @81 18%°0 T0L0 TO000> 9,20 68 cce 09¢ cove 991 VL wafisd whi)dfivng oepLmeldsd 1y
€989°0  TL6L0  60L°0 qq ! 6L CLT 8LV0 V080 T0000= 9120 69  0ce €1€ ¢01e Per €V sagsaadns rqapydordsy  epuqoydody (o
. : : : : ’ . ’ : 000°T 09T°0 €1 18 0¢ ¢6ec 1Cl  6'C Ds0Lds DIUUIIYIN 6¢

: : : : : ’ . . 000°'T ¢&cco 4 6 o066 ¢¢ g€ ALY DUALOLYIIiLT 8¢

: : : : : ’ . : . 000°T €710 4 14t a1 8.LL T9 91 oYy uorLlvus0)) L6

. . : : . ’ . . 000'T G290 a1 Ve €g 1901 9L L1 WNINAUL0DD UOLLIDUDOY) 9¢
66¢8°0  0098°0  8€E]°0 54 L g¢c ¢cl  8EV'0 0160 T000°0= ¥SC'0 0¢  L6T VLT 6T8¢ L€ Ve wWngpjoIUn] UOLGDUIO) qe
PEIL'0  98¢6°0  GSL°0 9¢ 4 g€ 88  08€0  GE€8°0 TO000> G8T°0 8C 161 68 9¥9¢ TET  G¢ M) UOLIHDUIOY) 129
¢068°0 L9160  T68°0 1T T L 6IC T890 VE60 ¢l Ly00 ¢l 86T ¢ 0991 09T 00T wnsouiv)d uora) €e
SIPL'0  LE09°0 9290 66 9 Ly GET  ¢PS'0  0€L0 T000°0= ¥LVPO P91 gpe  91€ 169¢ 091 89 wnonydfiboidn) w0113 ce
POVL'0  VLLYO  LTLO [44 02 19  ¥PLT  8¢%'0 0840 T000°0= 6020 ¢9  L6c cel 9691 691 PVIT WNIDIUYTIS UOIALT) 1€
09650  T€T9°0  €09°0 78 €9 08 8IT ¥0S0 6€9'0 T0O00'0= 60V'0 LET Gee 9L 19v¢ 091 GL 1p10gats UoL3Y) 0€
0L69°0 ¥P99°0  0L9°0 96T 66 02 9y ¢6¥'0  0€L°0 TO00°0= LIRO 96T 19¢ Lol 6V9¢ V91 9'C WNLOWDIDI WNLOWD]DD UOLILI) 6¢
. : : : : ’ : : . 120S°0 08¢0 €T 8 L8 19€¢ 0Cl 60 WD 3]Va.L0q DUV DU 8¢
65¢9°0  0P89°0  9.9°0  TLT 6L [43 19  I8¥'0 GIL0 T000°0> 68L°0 0S¢ €€ 88¢ €L 69T  T'L DOUDISD DUNUYIST LC
LT 91 ST it €1 4} T 0T 6 8 L 9 < 4 € 4 T sarads Aqrurey oN

(soxenbs-pri3 196¢)

S[OPOWI JTJISO[ JO SIURULIOJISJ

saxenbs pris8
19¢ pa1od[es

wedep jo spuefst
Inojy urejA

‘ponunyuoy) ‘siqe) xipuaddy



204 Yoshitaka Tsubaki & Nobuyuki Tsuji

998G°0  €0L9°0 6290 el 09  FL COT €6F°0 €890 T000°0> F0S0 @8T  19¢ €IF FIEE 0LT 9T wuwnsv vwmovwiponb vmypqry 16
: : : : : : : : : ¥ev0 0200 [ 9  8LG CLT 9FIT vunssyupbo)a suuayjorifiq 96
TL6G0  8ET90  L09°0  9TT €L 8¢ 98 FGS0  I€9°0 T0000> 89S0 681 €€ €FF  SPIc 99T ¢ vgsvbliyond suwiyjorii QEPIMIPAIT 6
1999°0  FPFO0 ¥99°0 6 9T  €0T  90¢ 62S0 L1890 T0000> LgT'0  GF ¥GE L6 GLEE FI9T  6F DIDAD]I DUOJYI0IDUIOG 76
GLTL0  6LTL0 8TL0 8 IT 68 92¢ FES'0  FLLO T0000> OTT0 66  ¥S& €2¢ 99%¢ 6'GT  9°¢€ DIUIDIPLILL DLOJYIOIDULOG €6
9ET9°0  TGEL0  TL90 €2l GF 89 80T  90S0  989°0 T000°0> 88F0 89T FFE 09F €108 96T TF WPWIN DAOYIOPULOS 6
: : : : : : : : : 000T FIE0 1T ¢ e T6ST  F6 L0 159V DUOJYP0IDUIOG 16
©91L0°0  60F°0 6 e 0F 6801 FL 9T vowodnl viopy0wU0G 06
© 0000 0 0 € 0or L0 TT- SLUJS2AID DAOJYI0IVUIOG 68
TLG8°0  L999°0 0080 i 4 ¢ Tl T1¢E0  CI80  69F0°0 0080 9 0z 1¢  ¥6 TL 6T DIUDUD DUOPIOJIULOG 88
00680 8F06'0  ¥€9°0 6T z e 9% 6PE0 €080 T0000> 9660 1% L9 9Tee L1113 SISUINUD DIUID DIYNPLO,) 18
L918°0  89€L°0  8F80  TT 4 6 79 TG0 GER'0 T0000> L0G0 6T 6 O €che Tl 9 DoLIqls DIDNIDWLq VIRYNRAE 98
1L69°0  89TL0  FOLO 18 @& €9 GPT @IS0 LGL0 T0000> @S0 €IT 128 L6 T.8T €9T 66 DpubmuL DY [
900L°0 €¢FL°0  €2L0 FRT 0S¢ 0S¢ LTT  T€S0  L8L°0 T000°0> LESO F6T  19¢ €IS 9.6¢ @91 9T vusbwdwn vusbujdwn viuovpy 78
0L59°0 08160  LL90 TG Z G681 0IF0  9¥80 T10000> LL00 € 008 8 FFST LCT 10T wowvp VLoV €8
€08G0  ©E8L'0  T69°0 LT 6F 6% ¥ 89F°0  €69°0 T000°0> 890 9%z 6F& 8LF 9SFC ©9T  8'G  suvbo suvbopp vuupvypydody oepIIpPIo) 78
GE69°0  8GEL°0 6TL°0 06c 6L 6T  €F  TTS0  8€L°0 T000°0> 880 66T  19¢ 8€6  €8F¢ TIT 9T uploqars uapsvbojouy 18
: : : : : : : : : 000T 9600 OT 9.6 @€ GSPT €LT T°¢l smouuniq snouuniq snyduwoboiop)) oeprisesompio) (8
TPIC0  @CPR0 6990 T€T ¥ 98 16 LEF0O TIL'0 T0000> 1970 GGT  @€e 00€ 88T¢ T9T G sngvan] snajduiobouronulg 6L
86¢9°0 TLSR0 €L9°0  &F LoLL 1€ FIFO I6L0 100000> T61°0 67 LSc @01 80eT T'LT 93T wowgad snydwobouoy 8L
TESL0 G80L0  82L0  TFT 8% 68 GIT 990  98L°0 T1000°0> LSS0 661  LS&  FSC 019% 09T 9%G aVpAqID SNIP1OgILS LL
1999°0  00SL°0 G690 I8 L& 0L OFT €S0 68L°0 T0000> OFE0 80T  8T€ 89¢ LG6T LCT 16 §195001pLIta. snyduwoboydfiug 9.
GGTL'0  602L0 LILO @9 ¥ 99 99T 690 88L°0 T10000> 0L&0 98  8I& @6 9305 LST 16 sipraa. smyduwobouoyin )
G9L9°0  0GL8'0  90L0  aF 9 88 F8T TYF0  GER0 T0000> 0ST'0  8F  03€ SFT 9616 LGT L8 snvquijoavlf snydwobours i
snupnfiynfii
000'T G200 4 26 6 €FC LT LTI snupnfiyniia snydwoboyfiyg €L
9890 GIS80  T0L0 98 ST 8L &L  69F0 99L°0 T10000> €Z€0 TOT  IT1& 9.6 2L9LT 8GT 86 wynzns snydwobo)firg oL
90680 TI¥9'0  L080 &F  €¢  9¢ <0z TIP9°0  808°0 T000°0> EIE0  C9 908 &gl C89T 6'GT  LOT wwnbo snyduiobiyf, 1L
T8€9°0  6£9L°0 ©L90 G LT gl LgT  FIS0  €PL0 T000°0> 9960 gL  T.¢ 8€T 88TT 6'GT TCT snadn.iaqur sniyduiobig 0L
GE0L'0  00SL0 €890  FS 8T 6¢  OFT  18S0 6920 10000> LI€0 06 ¥8¢ ¥9¢ 1965 SFI 9% sndwmppws snyduiobig, 69
FIG9°0 90880 G0L0  6¢ 8 9L gFT 8EF0 F6L0 T0000> S€C0 L9  G8C CFT  @6ET 8'GT GTT 1aquy snauay sniyduobig, 89
TLFS0 9L98°0 €90 6S 6 96 9TT 9€F°0 €FL°0 T0000> 9FC0 89 9. V8¢ VoSt S8FI  G¢C snovunf snyuoT 19
1028°0  89¢L°0 0180 ¥ ¢ Gz FIT 9850 SPR0 T0000> 0gI°0 6T  8GT 86 LglE €€ 9T  SHUDMIOUL SNUDMIOUL STIPLD(] 99
1999°0 96980 00L0  6F 8 g6 F8T 6970 6080 T0000> TLI°0 LS  €8€ 90T 198 9CT LG vwmilnf snapunq Q9
GTOL'0  8968°0 LLL°0 €IT €1 09 TPT  0EF0  8P80 T000°0> G8€'0 92T  Lg& C€F ¢lge L'GT 9L SNUDU STAPIAD (T 79
08L6°0 T€2L0 1190 LF 8T @6 9zl 66F0 L0L0O T0000> 080 S9 €8¢ 91T 9¥eT €91 0%l wafiad snydwobvisy €9
L1 91 [<3 S 2 S SR 4 SR A § (1) 8 6 8 L 9 S i4 ¢ 4 1 soroads Aqrurey oN

S[epour JI}ISO[ JO IURULIOJIDJ

soxenbs prid
T9€ Pad9[as

(soarenbs-pris 196¢)

Jnoj ureyA

ENQNH Jo spuefst

‘ponunjuo)) *s[qe) xipuaddy



205

relevance of land cover ...

Dragonfly distributional predictive models in Japan

8L08°0 €SEL0 0080 ST 6 V¢ Leg 6990 GE’0 T000°0> S0T°0  FE  CIE €8 CE6T FLI FOT DAL DIUDL], 8¢1
FPITL0  IP69°0 ©0L0 S8IT ¢  €F 90T €pS°0  8LL0 T0000> €850 0L  61€ 9¢€ 0LLT €91 00T nsowbunf suuaiyjoliyy Lel
8GE8°0  THIY0  F990 TI9T 66  IT 9 F090 L080 T0000> C6L0 09  LgE 88¢ €9LT €91 6 DIDUOZ SNUDYJOPNIS ] 92T
: : : : : : : : : 000'T  80€°0 i €1 688G 6°C  GE WUl DIPIULLIIUL DIUNLLLOINIT A
1€66°0  0008°0  0.8°0 8 4 T ¢l 0990 8060 €000 SEF0 0T €¢ LS 6801 L €0 SUDJUILO DIGNP DIULALLLOINDT vel
GG0L°0  ©EE90  TOL0 6T  OT 98 90 IS0  F9L0 T0000> 0600 65 1ge  8F L¥Ic 09T ¢6 duLtoftun wn.adwlig €el
8ELC°0 G89L0  FEY0 €8 St FOT  OFT  GLFO @690 T00000> L0EO 80T  @SE€ 8I¢ S6IE 09T LF WNJ0II0.L) Wn.LpdUliG ool
%8990 16890 ©L90 @8 L& GL  LPT  6IS0  FTLO T00000> 6FE0 61T TPE  0%€  G8GE FIT gL wmsowads wnsorads win.pduilig 1ot
8190 L9160 9290  TII T oIT 8LT 690 1680 T0000> 0F00 oI  @0& €& 8SIc SST 16 wingomIvUL winLaduilis 0e1
TL19°0  LPPL0 6890  G& @l 98 LET €6F°0 T€L0 T0000> CLT'0 LV 69 @8 9gel 6'ST ¢al ool wm.padulig 61T
9L19°0  F1090 T190 68 65 8L 98T 6IS0 &F90 T10000> 0gF0 SPT  ©SE €L6 ©00& G9T  €C  wnuynwu vyornq wn.uadulis 811
P890 919L°0 SPL0 ¥Ie L9 ¥e &S 9FF0 1640 T00000> L8LO I8¢ LGE  GL8 9F9¢ 09T 9T wngposnfur wmn.gadulis LTT
FECL0 00650 6990 S8IT @8  9¢ OIT @S0  FOL0 T0000> 8L60 00c 9% €€F ©esc ¥9T  9°¢ 1514 wnppdwlig 911
: : : : : : : : : 000'T €€0 0T € 6V OFPT 06 90 ovupp wnijodwlig GTT
000°T ¥ET0 4 €1 Tl 7.9 09 6T wnjosan)f wnjosav)f wn.padulis jans

6£€9°0  €109°0 6190 S6 €9 L9 9IT 6.0  L99°0 T0000> €9%°0 8ST  TPE FSE ¥RSE 09T L9 wnpnaand win.yaduilis [
T60L°0  TSE90  LL90  F6 PG LG GET 90S°0  8IL0 T0000> O0EF0  SPT  FRE  GIE  86%¢ C¢9T 0L yyouny wn.igadulis 4R
9090 €9TL°0 €690 <oz 08 1€ 8% 1090 TgL0 T0000> 1I8L0 8¢ 196 638 G9S¢ P91 9C  wnonotd wmdnord wn.uadulis 11T
8EF9°0  S0LL0 1990 L& IT 60T L6T 6€F0 8FL0 T0000> 9610  8F  FGE €ET GLEE 99T  8F soprojuur wngvorys win.yaduilis 01T
LV09°0  899L°0 LVL'O Tve WL LT 9% €Th0  9PL0 T000°0> 0880 91¢  69€ 690T 88SC 6'ST 9T suanbasf wn.padwlig 60T
TeIC0  LIFPL0 2690 106 0L T&  FE  SFPO 6990 T00000> FO80 TLG  LEE  0€L 8106 €91 6L wnupamp wn.gadufis 80T
€LPS0  9PLL0  TP90  OTT & 16 OIT  9SF0  00L0 T0000> FIFO bl  €p€  8FF 001€ 9GT  9¢ wmwp wnuvpuowapsd wnppdulis L0T
69L8°0  T66L0  LPL0 €0 IS €€ ¢ PEPO  ©ol0 T00000> C€9L°0  FGG  GEE  F09 6881 GI9T 6’8 QDUUDLDUL DHUDS SUUNYI0I0L) 901
00PL°0  L€9L°0 €SL°0 66T  €F 66 TIT 86F0 GIR0 T0000> 8FG0 8T &t €L& 911 ¥9T 68 uovyd DU G0T
6VPP0  €€I8°0  FES0 19 PTOIST 16l SPP0 - L99°0 T000°0> 9150  GL  LPE V0T 9L8% €91 9 vovwlbilid vfiydouunr 70T
€029°0  6ISL0 82L°0 €0 L9 0& 6% LLVO  €0L°0 T0000> 08L0 0Lc  9FE  FTL OVEC TOT 99 DWuDW UD)nbUDLL) WnaYl0) €01
GGPL'0  SSF90 LL90 GST 98 8¢ @8  6FS0  OPL0 T0000> 9890 0Fc  0SE€  TIF9  60S¢ €91 6°C¢ wmoruodnl wnmuodvl wmn.gaypi0) 201
€669°0 G980 0.L8°0 86C  oF id 6 98¢0 6980 T0000> €96°0 OFE  €G€ GEIT 60FE QLT @' wnsowads wnlipsiqp wnijayi0) 10T
: : : : : : : : : © 0000 0 19¢ 1 T €FT €V swsuavulvlinu sdopoood wm.gay.u0) 00T

: 000'T  L00°0 G S0¢  PI G0ST SLT 01T DUGDS DULGDS WNLIDYJLO) 66

€990 GTI0 8890  6€ 6 8L €ST  gSF'0  LLL0 T0000> ©LT'0  8F 6L 06T €L6T 891 9%l vupbup vy)1PqQUYT 86
L1 91 [ S 2 SN SR 4 S A § 01 6 8 L 9 [ i4 4 4 I sorods Aqrurey oN

S[oPOWI JTJISO[ JO SIURULIOJISJ

saxenbs prid
19¢ P3109[es

(sexenbs-prad 196¢)

moj ure[y

uedep jo spuefst

‘ponunyuoy) ‘siqe) xipuaddy



206 Yoshitaka Tsubaki & Nobuyuki Tsuji




