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Dragonfly distributional predictive models in Japan:

relevance of land cover and climatic variables

Yoshitaka Tsubaki & Nobuyuki Tsuji

National Institute for Environmental Studies, Tsukuba, 305-8506 Japan

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 km2),
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 km2) 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’ = - ΣP
i
 (log

2
 P
i
),

where P
i
 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.

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

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 km2 100.0 34,704 km2 100.0
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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

r
) to the number of records

chronologically accumulated (r). This relationship is given by

S
r
 = S

max
[1 – exp(-br)],

where S
max

, 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

r
 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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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.

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).
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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-
specificity sum maximization approach (Can-
tor et al. 1999, Manel et al. 2001) to deter-
mine threshold cut-off to predict distribution.
We also calculated overall prediction success
rate (OPS) [(a+d)/(a+b+c+d)], sensitivity
(a/a+c) and specificity (d/b+d) as accuracy
indices of predictions.

Fig. 3. Graphic representation of
discrimination performance (ROC
curve) of a model for Calopteryx
cornelia. AUC: area under the ROC
curve. We used sensitivity-specificity
sum maximization approach to
determine threshold cut-off to
predict distribution (see text).
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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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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.

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.
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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.



Dragonfly distributional predictive models in Japan: relevance of land cover ...   195

CyanMagentaYellowBlack Odonata page 195

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.

c) Orthetrum albistylum speciosum

a) Calopteryx cornelia

b) Ischnura senegalensis

Actual records
Present

Model prediction
Present
Absent

Model prediction
Present
Absent

Model prediction
Present
Absent

Actual records
Present

Actual records
Present
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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

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

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.
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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

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 (t-
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 (t-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 (t-test, 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,

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.
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