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Summary

1. Indicators for Forest and Grassland Ecosystems

In this research, we selected trees, ground-dwelling beetles, and birds as indicators
for comprehending changes at sites with forest and grassland ecosystems scattered
throughout Japan. Trees cannot move by themselves and have a long lifespan, and are
thus considered to be indicators of long-term environmental changes, including global
warming, by monitoring the growth of their diameter, mortality rate, and seed
production. Ground-dwelling beetles, which have a low dispersal ability and short
lifespan, can be indicators of short-term environmental changes, especially changes
in the soil environment by monitoring their abundance and species composition. Birds
are highly mobile and have far broader habitats than trees and beetles. They are
adopted as indicators of climate change and environmental changes in broad areas,
by monitoring their abundance, species composition, and areas of distribution. Thus,
we can quantify production in primary and some higher trophic levels, and

decomposition in the short and long term across the whole of Japan.

2. Site Placement

Three types of sites, core (20 sites), sub-core (28 sites), and satellite sites (419 sites),
were established (Figures 1 and 2). Core and sub-core sites target natural forest
ecosystems focusing on the inter-relationships among indicators and the factors
causing variation and changes occurring in the ecosystems. Satellite sites are targeted
to detect spatial variation and chronological changes with a particular focus on bird

communities with a greater number of locations in broader areas.

3. Monitoring Methods

At the core sites, all monitoring surveys (tree censuses, litter and seed trapping,
ground-dwelling beetle surveys, and bird surveys) were conducted every year, while
at the sub-core sites, tree censuses and bird surveys were conducted once every five
years. At the satellite sites, a bird census was conducted once every five years in

cooperation with amateur researchers.



4. Detected trends of ecosystem change

We analyzed the monitored data relating to “the four major threats” in biodiversity
(National Biodiversity Strategy of Japan 2012-2020). In particular, we focused on the
effects of climate change (fourth threat), reduction and withdrawal of human
activities on nature (second threat), and alien species (third threat). We did not
conduct analyses on the effects of human activities such as development and
overexploitation (first threat) because the monitoring sites of this project were mainly
at locations that were not susceptible to the impact of development, logging, and other

human actions.
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Figure 1. Core and sub-core sites of the forest and grassland ecosystems in the Monitoring Sites
1000 Project
The forest types are shown with symbols.

* : The monitoring activities at the Nibuna-Mizusawa site were terminated by JFY2010.
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Figure 2. Satellite sites of the forest and grassland ecosystems in the Monitoring Sites 1000 Project

5. Detected Changes in Forest and Grassland Ecosystems

1) Climate change

We analyzed the impact of climate change on forest and grassland ecosystems from
the following five aspects: 1) distribution shifts of organisms, possibly to high-
latitude and high-altitude areas; 2) changes in the growth rate, abundance, and number of
species; 3) changes in the carbon cycle; 4) changes in phenology and growing period

of species; and 5) changes in seed production.

1) Distribution shifts of trees, beetles, and birds

(1) Spatial variation in the recruitment rate, mortality, and abundance of trees

along temperature regime

Tree recruitment and mortality rates were more affected by disturbances such as
typhoons than by short-term temperature fluctuations. Although it is difficult to detect
trends in population change for each tree species, some types of tree (deciduous/evergreen,
conifer/broadleaf, etc.) showed significant trends along the temperature gradient. The
populations of life-forms adapted to a warmer climate tended to increase more than
those adapted to a cooler climate (Figure 3), suggesting the existence of distribution

shifts from south to north in tree life-forms.
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Figure 3. Changes in the proportion of tree populations for each life-form among the monitoring sites
The relative rates of population change were calculated for four types of tree life-form. The differences
between the rates of population change in each life-form and community-wide are shown for each site. The
monitoring sites where one life-form class occupies more than 95% of the total were excluded. Sub-boreal
and subalpine coniferous trees include Sakhalin spruce (Picea glehnii), Yezo spruce (P. jezoensis), Sakhalin
fir (Abies sachalinensis), Veitch’s fir (4. veitchii), Maries’ fir (4. mariesii), Touhi spruce (P. jezoensis var.
hondoensis), Kometsuga hemlock (Tsuga diversifolia) and Japanese larch (Larix Kaempferi), while
temperate coniferous trees include Momi fir (4. firma), Tsuga hemlock (7. sieboldii), Japanese cedar

(Cryptomeria japonica) and Japanese cypress (Chamaecyparis obtusa). The closed black circles indicate
the lack of distribution of the life-form class.

(i1) Change in the abundance of wide distributing ground-dwelling beetles along

temperature gradients

For five out of the eight widely distributed species of ground-dwelling beetles, we
found an increasing trend in the number of individuals captured in colder areas, while

two species showed a declining trend in their numbers in warmer areas. Both trends

4.



indicated the distribution shifts from south to north. Since these species do not have
a high ability to fly, they should be effective indicators of the slow-going impacts of

climate change on ecosystems.

(iii)  Shifts and expansions of bird distribution to high-latitude or high-altitude

arcas

The distribution of the Ryukyu minivet (Pericrocotus divaricatus tegimae) was
limited to the southern part of Kyushu in the 1980s, although we confirmed that their
distribution had expanded to northern areas during the past 30 years (Figure 4).
Meanwhile, we found a declining trend in the distribution area of the related ashy

minivet (Pericrocotus divaricatus divaricatus) in the 1990s.

Winter distribution in the SUFV_G‘Y FeSU|F of the
1980s Monitoring Sites

1000 Project

R R
o ©0
.\jru, “’.
S e '2.; -
3‘. .cn‘#
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* ] 1 2008-2012
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L 4 °

Figure 4. Changes in distribution of Pericrocotus divaricatus tegimae
The record from the 1980s refers to the distribution of Pericrocotus divaricatus. However, as it
shows the distribution during the wintering period, it may indicate the distribution of

Pericrocotus divaricatus tegimae, the subspecies that spends the winter in Japan.



2) Changes in growth rate, abundance, and the number of species

(1) Relationship between the growth rate of trees and temperature of a single

year

We obtained results for 51 species out of the 62 species analyzed. The relationship
between the diameter growth and the annual average temperature differed among tree
species; there were positive correlations for 14 species, negative correlations for four
species, and an inverted U-shaped relationship (indicating optimal temperature) for

eight species, and there were significant correlations for 25 species.

(i1) Change in abundance of ground-dwelling beetle

We analyzed the change in abundance at the levels of genus and family, and the trends
were different among taxa. We observed a declining trend for the genus Pterostichus
(which are often dominant in cold climates) and an increasing trend for the genus
Synuchus (which are often dominant in warm climates). Both of these trends were

common for the periods 2005-2011 and 2012-2017.

(iii)  Change in abundance of bird species

Monitoring surveys conducted during the breeding season found increasing trends in
abundance for the Narcissus flycatcher (Ficedula narcissina) and red-billed leiothrix
(Leiothrix lutea, alien species), and declining trends for the meadow bunting
(Emberiza cioides) and Japanese white-eye (Zesterops japonica), which prefer forest
edges and bright forests (Tables 1 and 2). While their correlation with temperature
change and other factors was not clear, there could be general trends of succession
from relatively open vegetation types to forests, which has been proceeding all over

Japan in recent decades.



Tablel. Top 10 species that the increased most during the breeding season at forest sites (N=319site)

Speci Rank of change rate of Increase (+) or decrease (-) in number of
pecies - A
appearance ratio observed individuals
Narcissus Flycatcher
1 +10.66% + P<0.05* N=250
Ficedula narcissina
Japanese Green Pigeon
2 +6.58% N.S. P=0.06 N=132
Treron sieboldii
Red-billed Leiothrix
3 +5.96% + P<0.01* N=118
Leiothrix lutea
Great Spotted Woodpecker
4 +5.33% N.S. P=0.86 N=139
Dendrocopos major
Eastern Crowned Leaf Warbler
5 +5.33% N.S. P=0.95 N=176
Phylloscopus coronatus
White-backed Woodpecker
6 +4.08% + P<0.01* N=41
Dendrocopos leucotos
Eurasian Jay
7 +4.08% + P<0.01* N=204
Garrulus glandarius
Oriental Cuckoo
8 +3.76% + P<0.01* N=126
Cuculus optatus
Oriental Turtle Dove
9 +3.13% N.S. P=0.85 N=250
Streptopelia orientalis
Japanese Paradise Flycatcher
) 10 +3.13% N.S. P=0.96 N=103
Terpsiphone atrocaudata

Table2. Top 10 species that decreased the most during the breeding season at forest sites

Species Rank of change rate of Increase (+) or decrease (-) in number of
P appearance ratio observed individuals
Meadow Bunting
1 -5.96% - P<0.01* N=201
Emberiza cioides
Lesser Cuckoo
2 -5.64% - P<0.01* N=179
Cuculus poliocephalus
Japanese White-eye
3 -4.39% - P<0.05* N=234
Zosterops japonicus
Bull-headed Shrike
4 -4.08% - P<0.05* N=52
Lanius bucephalus
Eurasian Wren
5 -3.15% N.S. P=0.06 N=124
Troglodytes troglodytes
Marsh Tit
6 -3.15% - P<0.01* N=28
Poecile palustris
Carrion Crow
7 -2.82% N.S. P=0.07 N=146
Corvus corone
Eurasian Nuthatch
8 -2.82% N.S. P=0.35 N=96
Sitta europaea
Japanese Leaf Warbler
9 -2.51% N.S. P=0.19 N=39
Phylloscopus xanthodryas
White Wagtail
10 -2.19% N.S. P=0.19 N=33
Motacilla alba




3) Change in the carbon cycle

) Above-ground biomass

There was a significant correlation between annual change in above-ground biomass
and temperature anomalies in the year: there was a tendency that the higher the
average annual temperature during the observed period, the greater the growth of

above-ground biomass (Figure 5).
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Figure 5. Relationship between the relative rate of change in aboveground biomass and temperature
anomaly of each year

The black line is the regression line obtained by the linear mixed model.

(i1) Litter production and accumulated leaf litter
There was a significant correlation between litter production and an increase in

above-ground biomass, which is calculated by summing up the growth of individual

trees. Also, the forests in the areas with a higher mean annual temperature tended to
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have a greater net primary production (i.e. the total of litter production and an
increase in above-ground biomass) (Figure 6). On the other hand, there was no
significant correlation between the annual change in temperature and litter production,
accumulated leaf litter, carbon concentration in soil, or the rate of cellulose
decomposition. It was acknowledged that these were largely influenced by disruptions

such as typhoons in the short term.

Pearson's r = 0.664
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Figure 6. Relationship between litter production and above-ground biomass production by
individual growth (left), and that between total net primary production and mean annual
temperature (right)

4) Changes in phenology and growing period of species
(1) Relationship between temperature and time of defoliation

There was a correlation between the time of defoliation and the mean annual
temperature of the year for the surveyed sites. It was observed that the higher the
temperatures in the summer, the later the time of defoliation in the autumn in the
evergreen coniferous forests, coniferous and broadleaved mixed forests, and
deciduous broadleaved forests. Meanwhile, there was no clear correlation between
the timing of defoliation in spring and temperature changes in the evergreen
coniferous forests and evergreen broadleaved forests, where most trees shed their old

leaves in early summer (Figure 7).
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Each point represents an estimated date of leaf fall peak. The regression line for a significant relationship
between covariates detected by the linear mixed model is shown as a solid line, and the non-significant

case is shown as a dashed line.

(i1) Temperature and annual change in seed falling time

As well as the results obtained during the period 2007-2014, there was a tendency
that the higher the temperature, the later the time of seed falling for trees in the

genera Quercus, Acer, and Betula (Figure 8).

Quercus spp.
P<0.05, y=4.05x+228.57
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Figure 8. Relationship between the date of peak seed fall for the genus Quercus and mean annual
temperatures
Each point represents the estimated date of peak seed fall, and the solid line represents the regression line

estimated by the linear mixed model.
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(iii)  Seasonal and annual change in the singing frequency of birds

We analyzed the correlation between temperature and the period when the Narcissus
flycatcher sang actively and the date when the varied tit (Parus varius) fledged. It
was observed that the higher the average temperature in April, the earlier the
Narcissus flycatcher started singing (Figure 9), while the greater the cumulative

temperature up to the end of April, the earlier the varied tits left their nests.
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Figure 9. Relationship between the period of active singing in Narcissus flycatcher (Ficedula

narcissina) and the average temperature in April

5) Changes in seed production

(1) Annual change and synchrony in the seed production of major tree species
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Of the tree species in the Fagaceae and Betulaceae families, we mainly analyzed 11
species whose information we could obtain in a sufficient amount at multiple sites
(Figure 10). There was a tendency of synchronous seed production for the same
species among the sites in broad areas and also among distantly related species at the
same monitoring site. Further elucidation on synchrony in annual seed production and

climate factors is expected by continuing the monitoring.
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6) Summary of changes caused by climate change

This project could confirm some temporal changes in forest and grassland ecosystems
(abundance of life-form groups and ground-dwelling beetles) in response to rising
temperature. In subarctic and subalpine forests, the proportions of subarctic and
subalpine coniferous trees declined, while that of deciduous broadleaved trees
increased. In forests in transitional zones of cool-temperate and warm-temperate
zones, the proportion of deciduous broadleaved trees declined, while those of
evergreen broadleaved trees and temperate coniferous trees rose. In addition, the
Pterostichus beetle, which is dominant in cool-temperate forests, decreased, while
the Synuchus beetle, which is dominant in warmer forests, increased. All of these
trends suggest the existence of distributional shifts from south to north as the

temperature rises.

Some correlations between temperature and ecosystem function or phenology were
found by analyses on variations among monitoring sites: (i) change in aboveground
biomass; (ii) period of falling leaves and seeds; and (iii) breeding period of birds. It
also became clear that extreme meteorological events, such as typhoons, had
substantial impacts on ecosystem functions, the recruitment rate and mortality rate of
trees, and the amount of litter supply. The roles and effects of both slow-going
processes and extreme events in climate change should be elucidated by further

monitoring.

2) Impacts on ecosystems due to changes in human activities on nature

Analyses were conducted on three aspects: changes in damage by forest pests and
diseases, effects of expanding distribution of the sika deer (Cervus nippon), and
change in the vegetation environment, all of which have been induced by changes in

human-nature interaction in recent decades.

1) Change in damage by forest pests and diseases

Some forest pests and diseases have been increasing, and this is said to be mainly
caused by the decline in forest management. In addition to the analyses on the

monitoring data, we conducted a questionnaire survey for the participants of

monitoring on the situation of damage caused by forest pests and diseases.
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(1) Situation in core and sub-core sites

During the period 1970-2016, 20 sites (approximately 40% of the total) experienced

significant damage caused by forest pests and diseases and by pine and oak wilt

diseases (Table 3). Of these, 11 sites responded that such damage had a noticeable

impact on the ecosystem. This damage in the third period of monitoring (2013-2016)

were relatively smaller than that in the second period (2008-2012). Thus, the changes

occurring in the third period are more of a recovery than a damaging process.

Table 3. Outbreaks of forest pests and diseases observed in and around the core and sub-core sites

based on a questionnaire survey among the participants in the monitoring sites

Onset year Pine wilt Oak wilt Outbreak of leaf-feeding insects
Aichi-akazu**
1970-1989 | Kamigamo*
Miyajima
Kasuya
Kosado*
1990-2002 Mt. Tsukuba Kosado*
11y k%
2003-2007 o
(the 1% period) Tafilsamo
Kasugayama
Ashoro (gypsy moth, Lymantria
dispar; larch sawfly, Pristiphora
erichsonii)
Kanumazawa Tomakomai (larch sawfly, Pristiphora
2008-2012 . K'fma'rnegawa erichsonii)** '
nd . Amami Aichi-akazu ** Kanamegawa (a beech-feeding leaf
(the 2" period) Yakushima- beetle, Chujoa uetsukii)**
shoyojyurin** Mt. Takahara (a beech-feeding sawfly,
Fagineura crenativora)**
Yona (an alder-feeding leaf beetle,
Linaeidea formosana)
2013-2016 Tano Tomakomai (rosy gypsy moth,
(the 3™ period) - Lymantria mathura)**
Aobayama
Unknown Sadayama Aobayama
Shiiba

Underlined: Impacts on ecosystems are significant.

*Observed in monitoring plots. **Occurred in monitoring plots during the monitoring period.

(i1) Case analysis at Aichi-akazu site

The monitoring data at Aichi-akazu site provided a good example of recovery after

oak wilt. The oak wilt that had been happening since 2010 had reduced the above-

ground biomass of the forest by approximately 10% by 2014 (Figure 11). It recovered
to 95% of the level recorded in 2010 by 2017. This result means that half of the

damaged above-ground biomass recovered in the following seven years.
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It is interesting that the recovery process also affected the ground-dwelling beetles.
After the oak wilt in 2010, the abundance of ground-dwelling beetles increased
noticeably by 2015 when it reached approximately nine times more than the level
recorded before the oak wilt (Figure 12), suggesting that the tree damage by pests
had supplied much litter, which provided a rich habitat and food environment for
beetles and soil animals. This trend had ended by 2016 and the abundance of ground-
dwelling beetles in 2016 and 2017 returned to the level recorded before the oak wilt.
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Figure 11. Changes in the above-ground Figure 12. Changes in the annual catches
biomass of trees in the Aichi-akazu monitoring (means * SE) of ground-dwelling beetles in the
plot Aichi-akazu monitoring plot

Thus, the damaging and recovery processes of pests occurred very quickly. Further
monitoring data are necessary to confirm if such quick processes commonly occur in

other forests.

2) Expanding population and distribution of the sika deer

The expanding distribution and growing density of the sika deer and the resulting
damage to agriculture and forestry have become problems throughout Japan in recent
decades. The overpopulation of sika deer is thought to be caused by several human-
induced factors, such as the declining number of hunters, increase of concentrated

single-species plantations in particular decades, and reduced management of human-
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dominated landscapes. In the same manner as the analysis of damage from forest pests
and diseases, we conducted a questionnaire survey among monitoring participants on
the impact of the sika deer at core and sub-core sites and analyzed this in connection

with the monitoring results.

(1) Impact on tree community

According to the questionnaire survey, sika deer were thought to inhabit 26 monitoring sites
(54% of the total 48 sites). At 13 sites, the impact of the sika deer was classified as
“noticeable” or “somewhat noticeable”. Trees at the sites with impacts of sika deer
suffered serious damage such as bark stripping (Figure 13). Most sites which had deer
impact in the second period of the monitoring (2008-2012) still had marked impacts
in the third period (2013-2017).
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Figure 13. Temporal change in the number of Machilus japonica stems whose barks are often
stripped by sika deer
The number of stems decreased at Ichinomata and Aya sites where the impact of sika deer was

confirmed, while it slightly increased at Yona site where there were no sika deer.

(i1) Impact of sika deer on the bird community
The sika deer has been affecting some particular types of bird communities which
utilize bush vegetation continuously since the second period of monitoring (Figures

14 and 15), because the deer browsing reduced the bush or forest floor vegetation. In
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addition, the impact on brood-parasitic birds that depended on these bird species was
also suggested. This trend among the birds was not confirmed at the sites where the
sika deer did not have a noticeable impact (Figure 16). The Japanese robin (Luscinia
akahige) was not included as an example because it was not confirmed at the sites

without noticeable deer impacts.
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Figure 14. The trends of population indices for six bird species that use bushes for feeding
and/or nesting sites at Qoyamazawa
Shaded areas show confidence intervals. The population index is presented with 2010 as the base year (=1).
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3) Vegetational succession in abandoned areas.

Reduced management and/or abandonment have facilitated a transition from human
managed ecosystems, such as grasslands that used to be pastures or thatch fields (e.g.
Miscanthus sinensis communities) into forests. We analyzed how these successional changes
affected the bird communities, in particular on the Narcissus flycatcher and large-
billed crow (Corvus macrorhynchos), which experienced the greatest change in
abundance according to the data on birds obtained at satellite sites. However, they

did not show any clear trend.

4) Summary of changes in biological interactions due to the reduction and

withdrawal of human activities on nature

We analyzed how the second threat (change in agricultural or forestry management)
affects forest and grassland ecosystems through three viewpoints: 1) damage from
forest pests and diseases; 2) larger distribution and growing density of sika deer; and
3) vegetational succession by reduced management. We partially detected the
damaging and recovery processes by forest pests and diseases. The impact of sika
deer had been recognized continuously since the 2000s, and it has become even more
serious now. As for the impact of vegetational succession, the recent analysis did not
suggest any clear trend concerning bird communities. The further collection of

monitoring data is expected to contribute to these ambiguous or long-term impacts.

3) Impact of alien species

As with the previous analyses, we collected information from each site by a

questionnaire survey on alien species invasions.

1) Core and sub-core sites

At 14 sites (35% of the 40 core and sub-core sites) reported invasion by some alien
species. They included invasions of some mammals such as the raccoon (Procyon
lotor), masked palm civet (Paguma larvata), and black rat (Rattus rattus), birds
including the Chinese hwamei (Garrulax canorus) and red-billed leiothrix, and plants,
like Phyllostachys edulis and Rudbeckia laciniata. At the sites on subtropical islands
such as Yona and Ogasawara-sekimon, we confirmed invasion by many alien species

including trees, which are causing serious impacts on the local ecosystem.
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Countermeasures, including eradication, have been applied in some areas and signs

of improvement have appeared in some cases.

2) Situation of invasion by alien species at satellite sites

In regard to the Chinese hwamei and red-billed leiothrix, we analyzed the change in
distribution and abundance based on the results obtained at the satellite sites. Our
analysis showed that the distribution of both species was expanding (Figure 17)
with increasing abundance at the sites. Furthermore, the distribution of the Chinese
hwamei may have spread even to snowy regions, which were not thought to be a

suitable habitat.

Chinese hwamei Red-billed leiothrix

From inside to outside:
Before 2003

2003-2007 (the 1t period)
2008-2012 (the 2" period)

® 2013-2017 (the 3™ period)

@ :Before 2003

@ :2003-2007 (the 1°t period)
-2008-2012 (the 2™ period)

@ :2013-2017 (the 3" period)

Figure 17. Change in the distributions of the Chinese hwamei and red-billed leiothrix

3) Summary of the impact of alien species

We confirmed that some alien species had expanded their distributions among satellite
sites. Some mammals, such as the raccoon, masked palm civet, and black rat, were
confirmed at many sites, as well as birds, like the Chinese hwamei and red-billed
leiothrix, were reported to have already invaded. The distributions of the Chinese
hwamei and red-billed leiothrix were expanding among the satellite sites. In

comparison with the results of the second period (2008-2012), the estimated
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distribution areas have increased during the third period (2013-2017). Monitoring and
analytical activities are essential to take measures against alien species and to

formulate long-term plans.

6. Remaining Issues and Challenges for the Fourth Period

(1) Improvement to site placement and monitoring methods

By the end of the second period of monitoring, we have established most of the sites
and monitoring methodologies. In the third period, we were able to continue most of

the monitoring activities.

Due to the restrictions on the research budget and structure, it is difficult to conduct
or continue research at some sites. However, we need to discuss the necessity to
include some other important sites, which are located in national parks or World
Heritage sites, together with continuation at the existing sites. In addition, the number
of satellite sites where there is some difficulty to continue monitoring may increase
under future conditions. These include the deterioration of accessing forest roads and
lack of human resources. Thus, we may need to reconsider the monitoring site

distribution.

As improvement measures of monitoring methods, we will look into the preparation
of support materials necessary for sorting work involved in the litter and seed
trapping survey and for ensuring research accuracy across sites and the sharing of
such materials through a website. We will also consider holding seminars for specific
regions or sites with a specific forest type. For instance, the time required to
determine the soundness of seeds was an issue raised at the end of the second period.
We almost solved the issue by keeping records of unidentified or unclear samples and
held seminars for some sites. In addition, we examined the photographing methods of
fixed-point photos designed to record changes in the forest landscapes and revised

the tree census manual.

(2) Sustainable research structure

At the core and sub-core sites, there is a system for researchers to take initiatives or

cooperate with local NPOs in conducting local on-site research and for the network
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center to support their research and sort out data. In addition, there is a system for
monitoring staff trained at workshops and so on to conduct research on birds at core

and sub-core sites and at satellite sites.

By the third period, however, it had become difficult for some sites to conduct
monitoring as planned for reasons such as the absence of successors or a decrease in
monitoring staff. To secure new participants, we introduced trial internships with tree
censuses for vocational college students majoring in courses related to the natural

environment. Also, we held workshops on bird surveys throughout Japan.

Furthermore, there was a concern about applying uniform methodologies and keeping
the same level of accuracy. To address this concern, we examined a system of
recording the details of the work conducted, methods used, and other information on
the website and sharing such information. In addition, we held seminars on specific
techniques for some sites. As an effort to keep motivating monitoring staff, we held
sessions, symposiums and so on at academic conferences to improve the project’s
recognition, disseminate the achievements of the project, and encourage use of the
research results. In particular, we created forums to present research and activities on
bird surveys to facilitate interactions among monitoring staff through workshops. We

also examined the accuracy of monitoring with less effort.

As our preparations for the fourth period, we will need to secure an appropriate
number of monitoring staff and to facilitate generational change in order to continue
observing ecosystems over a long period. A number of efforts mentioned above which
we implemented in the third period are under discussion or being trialed to secure

monitoring staff, reduce their workload, and to support them.

3) Information sharing, management, and dissemination

The goal of this project is to promptly detect any unusual change in ecosystems to
contribute to the measures for biodiversity conservation or ecosystem management.
It is therefore important that we appropriately manage and disseminate the research
results we have obtained and to share them with a broader scope of entities. Data
ownership, handling, and management structure and the storage structure of samples
had been generally organized by the end of the second period. By the third period,
the structure was established and operated in an appropriate manner. In addition, we

completed the publication of data on ground-dwelling beetles as a data paper for
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Ecological Research, an English-language journal published by the Ecological
Society of Japan; publication of as many as 49 papers by research participants; and
90 presentations in academic conferences. We also responded to inquiries from
educational/research institutions, local governments, and others, on issues such as

research plans and use of data.

Potential views in the fourth period include collaboration with other ecosystem
surveys of the Monitoring Site 1000 Project, since some environmental issues are
closely linked beyond ecosystems. These include improvement of the project’s
recognition for the efficient use of project outcome, information provision to support
conservation measures, commencement of an information provision by email to

prefectures, and an examination of the publication of examples of use of information.

4) Use of research results for conservation measures

There had been some aspects to be improved regarding the early detection of unusual
changes and the prompt provision of research and analysis results since the second
period in order to contribute to biodiversity conservation measures. One of our
achievements in the third period was the contribution our project results made to the
formulation of various plans and measures including the Report on Impact
Assessments of Climate Change in Japan. The project results were also used for the
renewal of some protected areas like the Daisen Wildlife Protection Area,
management of World Heritage properties such as the Shirakami-Sanchi and the
Ogasawara Islands, and protection and management of wildlife in the Yambaru region
of Okinawa. It also contributed to research projects funded by the Environment
Research and Technology Development Fund of the Ministry of the Environment, protection
and management of wildlife by local governments, and corporate environmental

assessments.

In the fourth period, we expect that the analysis results of the data compiled during
the past 15 years will be used for policy making by the Ministry of the Environment
and local governments to formulate and modify various policy plans. At the same time,
we will continue organizing and providing data necessary to understand and evaluate
the impact of climate change in collaboration with relevant academic bodies. In
addition, we will explore the option of registering with websites providing
environmental data in order to facilitate collaboration with private sectors seeking

information on the biodiversity of the forests they own to acquire the Forest
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Stewardship Council (FSC) and other certificates and to help those seeking
information to use the project results more easily. The use of the project results is
one of the benchmarks used by external evaluations. We will therefore strengthen
information collection on the use of our project results by, for instance, asking users
when providing them with research results to contact us after they have used the

results.

(5) Collaboration with international frameworks

To promote the monitoring of biodiversity on a global scale, it is important that we
collaborate with existing international frameworks. In this project, we sought to
collaborate with international frameworks through the Japan Long Term Ecological
Research Network (JaLTER). In the third period, we made progress in collaboration
among people through participation in international academic conferences and
workshops and the acceptance of site visits and information exchange with overseas

researchers.

In the fourth period, further efforts are needed to collaborate with international frameworks
including the Group on Earth Observations Biodiversity Observation Network (GEO
BON), preparation of the English website and manuals, and the raising of our profile

at the Conference of Parties to the Convention on Biological Diversity.

-4 -



1. bk - BIRAEREROREAEMEE... S RURUUSURRURRRRRN |
(G I I 1 NP URUPRRN 1
(2) HUEFRAEMIE B B e e e e e a2
(3 ) B e e a2 B

2. VA FEERDL... e e e e e e e e tiaiaien B
2 . 1. T T e B T T A N B B R T et e e 6
2 T A R B B R T e s e e e e e e 14

3. B SHIE.. eeenn e e e e e e 16
3. 1. a7 - E:?%%bﬁﬁﬁ& .................................................................. 16
S 2 T A R R T e e 19

4. FRM - BERAZRE SR O BLIR & B K OEHT D J5TIPE oo 23
4. 1. FEOHMET =X U U T OB E e 23
QI == ol TSP P PP 23
(2) MR FIEICLD2EH - R ZHABI OV EME 23
4. 2. FR-BRARRROBUREEMZAEIED A DDfEB . i 25
(1) #FA - FRARROBR.. e e 25
(2) FHk - BRARER k%éé%%%ﬁ@4o@ﬁ% ................................. 25
4. 3. FRHTO HIIME .36
(1) RAEEE<FE A DFERE > et eee e een . 38
(2) BRI 2 AN O E 22T O/ - HORIZ KD
AR BEEROEA<E 2 OG> 40
(3) ARSRAE <HE 3 D fERE > oo et e e A2

5. FRAR ¢ BEIFZERE TR O Z A R Il e et et e e e 46
5. 1. K[fEEH.. e PR |
(1) B 5 ﬁﬁ@ﬁﬁfrﬁ%m@%%ﬁMv#k .................................... 46
(2) AMORRER., TEIRE  FEEL D ZEAL e 66
(3) mRHEFMEDOLE.. PP PUPPPPRPPRPPRURY - 12
(4) EWHoFEME - éa%ﬁwwm U UPRPOPRRPR |
(5) FH A AEPE B D I e e e e 106

5. 2. BHERIZxIT 5 A OB T ORI - HERIZ X 5 AW EHEEAEHOZEk

(1) T D I A R I 0D 2 Al e e e e e e e e e e e e 117
(2 ) S T D A AT R B B I e et e e e e 125



B 3 AN TR e 147

6. A I T TR R & T B e e 160
(1) VA4 FPEREEPHE TIEOBEE i eee a0, 160
(2) BT RE 7R T AT IR oot 163
(3) MDA « BB O IEIE oottt et eee it eeeeee .. 168
(4) FERORETER DTG e 170
(5) FEBSAIFEFL AR & DBE e e e 174



F1E HZMW-EREEROEREDR

AMAECIL, Btk - BIVEBR O B2 BB T 5720 R L 72 5 R MBE L LT, A,
HE SR O A sk R A L7 (B 1-1).

EEDERE

- RIEESGECLLEE

B S
(REMBE LD 5D (BRI EE AL D IR

"FRREORR-EES - BREE BT
TN (lER. HE. EFifm)

FE—DfE
ANEBWERRTAELE
IZkBEE

EZDEH
ANBREBEIITDHE -
BRICHESEE

aA7H Ak
EaAT7H Ak

NEFELGEICLDEE

Hh BRI B 2R
(BRI LD 5

-EREHOLNBRE

-1 #M-ERFEOHEBFEYHE. HRELEBRICIBE T HRE
(1) ®XK

BHROTEREEETHY . FHROWEZIEY | ke RAEMOEBREREZREME L, R
BT 2%&E 2H > T\ D, HRARERBRORFERIN - HREEEIL. £EH Th LB AICH
KLTWD, BRIIRKAFTOZBILRFENPOAEDEZ AR L., ZOERRAAL F < ZAITK
BORBEEHL TWVD, ZTOERIIHFHROEABHIZH N TEEAICZ Y (Fischlin et al
2007), AHEMITHIE, A & LT MRICHR S, TIPSO RED RIS EM
LTW%, £7c, ARG -7 - - RE - HFEORAEW L L LT, HBMAKICITERL
REEE - pMEDEL L TWD, ZOTOBARDZEIL, BARLISN O L& PH O £ 0 %
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X 2-5 #

¥

HEEHO—H (dLigE

i i R D)

2-6 ERFEHDO—F (BER=4H)

£2-5 —fBYA4 T —2WBRR
HIEEA
iy
B/ EE %‘ET’S& 2 3 4 5 6 8 10 | s
2250m 1 1
2000m 2 1 3
% 1750m 1 1 6 1 9
% 1500m 3 1 1 1 2 8
5 1250m 5 4 1 1 4 15
y 1000m 9 8 7 4 6 8 42
L 750m 2 3 9 7 4 4 8 37
500m 7 4 3 10 12 5 16 12 2 71
250m 11 18 11 15 14 22 9 28 4 1 133
# &t 21 22 36 55 42 38 35 63 6 1 319
2000m 1 1
1750m 1 1 1 3
=} 1500m 3 3
IR 1250m 1 1
s 1000m 2 2 1 1 1 7
A 750m 2 1 2 5
~ 500m 1 1 1 1 1 5
250m 11 7 6 5 1 9 3 3 45
et 11 7 10 14 4 9 5 10 0 0 70
AR HY
iy
M/ EE E:ﬁt%é 4 3 4 5 6 8 10 | #3t
% 1250m 4 2 6
% 1000m 8 2 3 4 7 24
# 750m 3 3 2 3 3 6 20
y 500m 2 1 3 1 4 4 14 8 1 38
k 250m 4 13 11 7 8 20 8 23 3 1 98
# &t 6 14| 29 13 14| 30| 29| 46 4 1 186
1250m 1 1
é 1000m 1 1 1 3
4} 750m 1 2 3
y 500m 1 1 1 1 4
L 250m 5 3 3 2 1 9 3 2 28
#“Et 5 3 5 4 2 9 4 7 0 0 39

1 Al e RS g, 2 < A TG S I, 3 2 AR o A RS D 4 A r AR AR P

5o AR « [ B XSk 6 2 AN PR T AR DI 7 S P S e, 8 A O By - DU [ - UL I

9: 4% 3 - BiER

A e XL 10 /N AR JRURE B DXk
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(3T HRAEAK

3. 1. a7YA - FEQAT7HYA4 FRAEF X

aT7H AR -7 A T, BAPTHAE, BIERN - BT A, RN F R
A, BEFEEEZIToC0D, a7¥ A4 FTIEER4>OFEEZEET VD, TV A L
TlX, BAHE,ROBEFEZ 5 EMIC 1 EOHEE TIT->TW5,

mAFMAETIZ, 1ha OFEXNOMEEHE415cm U LOETOBAZSRLE L, £
OBt L, MEEHREZRE L (X 3-1B) 5,

IR - W THEFHECIE., FROBARREZFEMLZHEXNIC) X —FT7 v 7%
25 fEERE LT, WIERE, WikE, BT (B RIE By ROZoftt (BESZ
g, BRo#ERE) oEER~ (K 3-1C) 5,

MEPMER AHE I, ¥y b7 = F Ty FEEACCHIBEEARE L 5,
BEXWNIZSEHATOEEY 77y b (5mlUJ) 2%, £ 7 7uy M4fEO%EE L
RO N7 w7 (A 90mm, HE 120mm, A & (BF) [ ZEEH LRV % 72 FFfEERE
L (K 3-1D), Z ORI F LI BEO A, N A~ 2 (FlREE) e fi~T7,
FHEEMERICIEE T 54 A FTAI~11 H BRI, F4BOHFEEZEMM L7 (4~6H, 5
~7H., 8~10H, 9~11H), fon7HFHREORYEZEDDL, TV LIE, v T L
Bl "2 h 7 VRO RBMENERE, v Fa bl xRofhid, SBEANMEL ., 4 BHPH
MIRE SN, BEZMLOFELZFEELLTWABEEEEZ DN, BE TOREET
S, REETIHIU LOSEE AT IR E L,

AP CIXFA—H A CRYIMICE > TREZITHI 72D, REN . MEIC X HHEL.
HICL DB~ EL RS MZILERND Y BELEEZHL (FT7 v 7K - BRERK-
BEHEZ V) BEL WD, ZOED, KEEEOABRNOFEHICHEL WD &
TWZ W, £72, By 74— T v A K DEEERIL, ARBERL T TR
ERFOIFEIME S KT 5, MEZITOHEDBBROLNTWELED  REH OKRLREMH CRE,
K7 &) XL IEHOFHME (E— IR L) OFICLDE NS, T OF O K E K
BICKREREELRITTAEERND D, 2D LI, Fx OFEMEEIITE 2 RERIC
LFrEooxnEGEND EEZXLN, MRICITEEZES 208, O RMNREE X
ERBEOEMEMAE KRS 2D H]FHFTED, o T, BETIHEHORYMN L
fEEAICER LCREREZMNT 22 LR RYTHLI B2 OND,

Fo, FMAERIC, Y7 7my PNOKKEEA (5mlA, &S 60cm L F) OFE A
HECTHE LS 512, £V 7 7 ay MIBWT, HRE%EERE (25cm W) OFLEE
B,RF -BRBEEOHTE GAFHELIRE, 6 ~8 )., £t (20cm2, # X0~ 5cm)

4 M ER 1.3m O8O FEE
S T E~=2 7 iZiEE L T\ b,  (http!//www.biodic.go.jp/monil000/manual/index.html)
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DRFE - BHRREORE (2005, 2010, 2013, 2016 4 ), HMKEEE P L OEE HHF
BT L5 rm—2fk (5em WUT5) O fEEEOHE (2004~2008, 2012, 2015 4 )
1T o7 5,
MR BEME R RFHEICRE L T, RBREETIILTOT — X 2T 5 R4 Lz,
- 2004 FEDOT — % (AEORHRXTFIENMOFEE & RRDGENEL )
cFERERICBWT, HEADYEREXOEHMTHER & 20 BLL LR DEED
T—X
EHIT, 5. 1 TIEHZWM - ALHMOFAEX KN A MEE~OT v — FEICE
WT YT R DR RARD S A F~ 2 AR TRoRBHE ] & LIE [BHEF) TAELT
WhHESNTEMERX (R 3-1) ZMTNLRA LI, RRT — 2 OFEEBOMBHTIZIB W T
X, U EREODFE 2@ UM E A 20 EERRHOFAEX 2RI Lz, &<
Wi N2V RY . B ET VOISELEFITERSMICH S EIRE L., BREOA BT
FEHME (AEKMES %) IZXsTHRE LT,
FEATICH WK/ T — 2 1%, HERXOVEMEZ R THEITIE. A v 2 FAEME (BEHY
fil 1981~2010 D FE4A4fH  http://nlftp.mlit.go.jp/ksj/index.html) %, FHEFEZNZ

B3-1 (A #E-BERUYS FOKF. (B) BOXSZHIBRAE. (O VE2—+5vT
[CHELLFE K BF. BELEZER. D) HRGEAERREHETLIL-OOEY b T+ —
WSy T () REEERRDOEFER
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DRGBET —ZIZOWVWTIE HEXDREFY OT A X AMEOME 2 H W=, KISV T,
Ay aAEE, TAXAMEBHEOZNEFNOT =X, A vy a®EWEE £ 21T
B S oEE EHEXOESR & OEWICESSHMIEEZINZ 72/ %2 Hvwi-,

£3-1 EHICHRGMERPREFAEZERLIE- 29ABTRDE2 A THIT
1= & B R IB Y DA A< A+
RHIAT U hEh PhRE BE
ﬁXﬁ¢ = /ML A EEEL
S R N (N = R 404 KT i
# (I 6 2 ) (& /Mg = R 308 3) BT R T+
BT | = ek 208 #3D)
EEW
13 5 B -
% 5} #
(H B = KH)
=
SHA RS H FEL X
(B 72
EETT
(L)
. BEOBTE (ENETHTITYAT . .
SHEE I HE N, i EEMEA
(ZINEASTYATH)
(E NIRRT AT AR

* A R~DT o —FREICES(5. 2. (2)1)B ).
sk 2013 45 D B il A % i,
OPNIE A GERZE 100 FLANIC KRR BRI AL R B2 Z T 728440 - A THROFAE X,

SEMRAX., B EAHoFE 20, ARy b RECIY ERLE, FHEY
A MZEDDEREREL (FEHK7Toy bOP b LI TELRETELICT RERE) . E
AED 50mUNOERBEANICHERE T 2 BBOMEE, MELLHK LT, £, MAHMA
SMCHBLL -G IR CRisk Lo, SRAEMSE L, 1RIOMRAEZ 100 E L, M L4
Hica—2zxnEtn 4B FEHE (2Fx2 H) L, AR & LTl 2o X, %
FHMIRTEIC 1 B E B O REMIC 1 BOF 2 B, BAHOREEIZ 2 HMLL E24EF T2
AT -7 (X 3-2), 7272 L, ZHFHILCOBMAWFEIIIT > TWien, FAEORERHH &
Lk, BT, BEIERMICER CES STV, L bIcIxTHRIND
DT (MEHEIE2 2012), HOHKEA OGRS RFE TICHEL K XD L& L, BIAHT
X, BRI CRAERMEICE 2 BHOTHE~AOREII RN L TR ICH
TEFEMTHEDOE LT,
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"REOHRE-FEEFETD "FER#ZITHSRERNEFTFTE)

CEDELHDAETETS CBENREEBOAEEZTS
& 24
A D1 BIC2EHAE BEERMPDI1BIC2EAE 2HEMBENI-2BIC1A2E T OAE

B 3-2 27 -£ATHALREREORTVa—)L

3. 2 —®&YAIFREAE

—EY A B TIE, 1O0O% A MZHOWTHRSFEIC 1 E, Bl (4~7H Ef) Ll
A8 (12AHRA~2 AFA) ICHETLZZEELTWD, EEL, Z2TEHBCHEER O
A MZBWNT, BEAHORMENNELRLGEIL. BHEHOLOMETHTE L TND,

SERAEX. F2HMECS EHEAR Y b RIETHEKB L, &£ A M2BWT,
JER 1km OFAE 22— A2 100mEL FOMBEEZENTS 2OER (A~E) &7, ZiH
NI, B0 1 BICHEER 2ET > (AEROMEE) | BHEEHIC b FRIZ 1
ALK ER2ET O, GHTEERAFORELZIT o7, FHROMEKTH, BEROFE
Bids £ TITIX 16 0L OB EZ & 7o, BAHIC b RERIC, 2 BB EMRAE &7 2 A
T, #ERAFABEOFELITo7o, 1 EORAEIX, FEAT 10 7M. FE 50mUN
OB E 2N EOFHICH T T, B D WIIBE F 2R L SEOFE & ks
LB L7-, BT 1052 20 2L D5 EICH T TITo 7, A MR 13, 113 4:00
225 9:00 F T, BEAHIL 8:00~11:00 ODIZEEREL TWDH, K & REORFICITTHAEZAT
o VAY LRl [

EARBUZ DN T, B EAD 50m OFFHNT 2 0@/ LNTT — X DR T D ik
KiEZZOHBOMEEEE L, 5 20OESAOAFHEEREEZREY A bOfEEEE Lz, %
7o HBREHIC OV T, S S & O R E AT I Wi,

FH A PNOEAIZ DN TIE, BHEMICHEDICEE L WIAEHE T < &b FEHmTRe 7 il
e FiEIC kY, 2O ERE LTz, R A FOGLEIX, BHOARy bV 2%
TolBERTR MmN ORERZZRTE L, BEEICHY O E 258k Lz, BEITA
R (~FELUT) KRR (FREOMKREET), im AR (1omfEEET), mARE (M),
mEARE (ZHAR) OS5BICHIT, FEOMEWOMKE L., 6Kk (0=MAELL, 1=
1~10%., 2=10~25%., 3 =25~50%., 4 =50~75%. 5 ="75%LL L) (247 CadkL
Teo BFETC. BEOMAEZ Y| B BWREIRTER, WL BER . kBT EEM . IR BT,
B DT HATITh0T, EBEEWN CTHEHEO IR WIEICNEN 2 2 72,

BEFERY A FOGAEIT. BEOARy MUV A &[T oA E R TK 50m MU O & X %
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REL, HFRBEEICOVWTIEELIZL - T, O TOR, ~ZF FTOR, FLERE,

GBS

b0 4 RS, ERERUAOREICOVTIEIBER, BA, B, ABO 4K (A7 8

X53) W07, FREOHEMOWEIX, 6Kk (0=MM4AERL, 1=1~10%,
~25%. 3 =25~50%. 4 =50~75%. 5 =T5%LL L) IcHITC@{sLT-., 7.

2 =10
AR D

LTlic, BETOMESATE LTI Y, By W8, YL KA, Mo 6 ¥

A 75T HEOISWIEICNEA 2 > 72,

51 RACHER

MR « BIRA T - WHEE (2012) BAHRED T A TRAE 26 B & B - 2 HRMIE RO

X2 T VHEEDT —%. Bird Research 8 R1-R4.
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l:5A3—1:@%E%$ﬁ$ﬁ%*VFU—O (ILTER) ®DERY #H#
Sem SEm (dbipE KA AEME T 0 — L FRZRE 2 —)

LRI AV E 2 G T 5 A8 R ORGSO RE X/ S BN (2 wELrZIF TS
FXEREE A — L TEIL L, OB — 13 ED mﬁmgmc;ofﬁﬁéob

oo T, R HEEICN - ti E% - B IRYED BN ZE Z 1T\ ZHLE T O
R ZHE L, MAEMICHEMBE T2 ERAMNTH %,

[E B R RS9 % v b 7 — 2 (International Long-Term Ecological Research
Network: ILTER) 1% 1993 FIZ 3 & L7z Z m — N Lg Xy R U — 27 T BUETIX 44 » H,
700 YA FLLEREGE I TS (K 1; https!//www.ilter.network/) , ZERE. | BREi Bl 2|
SRR, FEEARR e EICEE LIEFEIZ W T, R & D5 A PR L L
TRYE=21 700l 925 E 2@ U e 9EiE 8 28 i S v T 5 (Mitrl et al. 2018).,
T, FVHA N THONTERHEBNT —FX—2 22K L, S I ERLBIFEC A X iF
FrEicfilsh T,

LTER #F7E1% 1980 £ KER 7 H (US-NSF) oA =T, KENTOR Y FVU
— 7 Thiv, BEL OBEH LSRR RARER L TWS, 2160 LTER 4 KT
OBLRNE 1960 FRNLHRAEDRHMNICHBE SN TV L2 bObEENTEY | RELHIC
KT DAEEBROEMPNRIGER 7 4 — RNy 7 28T 570 OEBERBFHER L o
T\ % (Groffman et al. 2018 (£2>), US-LTER ORI HII % = 1), A OHIEH I
HRNLT 7B ORy U —27 L UTILTER %2 L7z, 2 YKFi2iE US-NSF 2 &
HXEE —HZ T b0, BETHE ILTER & LTMNM LEEBERY hT—27 & L TR
Bxfld Tnd, £ A FOMREESIEALENLTHEL, FELOMBEIZ L > Tx
Y P =7 LRVTOFRHBY R — ST D,

LTER TR EDPHHEAZE=F V7T 5T OFEETEIRLS, R¥E=42Y 7% LK
ELoO, ZAMLRMEBN., BHAER, 7)) 0 7F2BLTCIEIER/ME n V=
J NEFITTEDLMRET 7y b7+ =2 LTOMKEAL TS, EAHEICEFNRD
WEFEREBI S Y A |k & &K ELTV%%G% REEWFFEARSC B BRI 2R T ST« BB L T
WLH A & LTERY A FELTWALEALH D, WIFEIEERIOFH & LT, ERBROMEE
RAEMIER DR TH DV 2 — iR %Ebkﬂnfi HRDOT 4=y 7 28T
DY Z— oy fiREKER D It Luiﬁﬂ& L THW,ILTER Z & e R O 58 A To—F il
B2 ER v, MEMEICIh 72V X —0ROFREENH OIS N TS (DJuklc et al.
2018), ik\izw¢~%ﬁﬂ%% Bl L 72 BRIE A~ D E RGP BB R ORI

BRER RIS KT TRHEICOW T, ILTER 1 N TOWFEE 5 & Lf:lf‘fﬁi@[glfﬁju%
WHARAFSEE B O Y L AE H1THI T % (Shibata et al. 2015), ILTER (% Global
Research Infrastructure (GRI) & L T, GEO (The intergovernmental Group on Earth
Observations) DO BUFRHIERE 7 v 77 AL OHEEL RO TRV | [EEBRHEFH 2 BE L
T\ 2% INMS (International Nitrogen Management System
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http://www.inms.international/) %D EELFEHFIL T 0P =7 b ~DOERL S LT TV
2o

HARE#MARES Ry N Y —27 (Japan Long-Term Ecological Research Network:
JaLTER) (X ILTER O IEX A =L LTMBLTEY, FMEA =T F 7 ~D 5,
W7 V7 KPRy NU— 27 %28 L CHRENREEO—HEH>TND, 20194 9
HFEINZ KA > @ Leipzig {2 CTH 2 [a] ILTER Open Science Meeting (http://www.ilter-
2019-leipzig.de/) BB SN 2D TETH Y . JaLTER % F ettt & Hd LTER ¥ 1 M2k
T ARMOMERREPBRESNDLTHA D,
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Sources: Site information: hitps/data.ler-europe.net/deims/ Datum: WGS 84 © Environment Agency Austria 2017
Administrative boundaries: http//www.gadm.org/ Projection: Mcllweide (EPSG: 54009)

ILTER Y b # (Mirtl et al. 2018 & Y 8x#h)

2 & Xk

Mirtl M et al. (2018) Genesis, goals and achievements of Long-Term Ecological
Research at the global scale: A critical review of ILTER and future directions.
Science of the Total Environment 626:1439-1462

Djukic I et al. (2018) Early stage litter decomposition across biomes. Science of The
Total Environment 628—-629: 1369-1394

Groffman P et al. (2018) Nitrogen oligotrophication in northern hardwood forests.
Biogeochemistry 141:523-539

Shibata H et al. (2015) Consequence of altered nitrogen cycles in the coupled human
and ecological system under changing climate: The need for long-term and site-based
research. Ambio 44:178-193
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FA4E HM-EREEBRROBRERBEBTOARME

1. BEOBMEE=ZRVVIODRLEN

(1) EXDEM

(2)

2002 FEICHRE SNTH - M BAREEFEIKEICHS W T, B L LNV TERBRLAEY
ZERMED LB Z O OB S 2 RHICHE L, MO 25K E2#H L v 2olzix,
TEDLRTEL OBEEINZHACTCEMBICHZ > T, MEMICER (E=%1D v
) RATH ZEMMETH S0, i 10 FM T 1,000 2 Fr4& BEICES (F=4
V7% A4 R) ZRETDHIENRIN, KFENHBINT,

FRAREEIT EMSRIESRE 10 EFHOE S TR S 7 250 B AR E R O
A, RELE DB A~O RS E (2015 45 11 HBEEHERE) . M OEMSHEEESR
BEME 2012-2020 (2012 4= 9 HBIGEIRE) OHEEICE T 57 — ¥ 24325 2 L 3K
OHENTWD,

M—MLCFERICIIRY - B - SHIBRAOBES

AKEENPAWETLREMROMEICE T L2BHOEWT — X Z Mk ICINET 5

2T, M—BRFIEICRY RY - R ZHATEHZAT 5 BB OVWTLITIC

NN I

> REBROLEMSE : FHREERTOIBMAROEMIABMEIV EENLONRH Y |
PUZRIZS U CTRFE—EDOFHICHEESCHAL - fENEZ D, FRITIAK, £
DERNRZELEABRTHD, —FH T, BARATEHEFIZ-EEXAERIZE -
THIARRLIRIE Y NAELTZY . T WICKECHEIC X 2R RECHE D A4
U720 R ERNREAL THEARAN —BFMIZHE 20 Lot A X BHE,
SREE DRI DRk A R BELAE Z D, TR TRHECENRNS L2565 H
D, T LDORBREMFIT L > TRRERSCHEEORHIZALNEL L, £DD,
I OPFAETIE, BB LZBESRN N2 L0, X0 BHICHkE T 268m T
HOLOMNEHW TE RV, BRIREBENEO LS RREBICHDL DA EL B
BT B DI EYCBHEZITOLER’ND D,

> IRIRBBE OMBLENE  BROBIARIZITE SR LT, B ENL, FZiCT
LT AR S D T, T<ABTERICLLALNRWERENZ W,
FERROBEDOREDOHBREOLFICH > Tomd 2B Z ., 61T
FRFRIZIE VAR KTH > THERA 2RERBEIC L > TELCLZHREX v v 7BAR
BANZ AL, B2 DX v o T HHEB W ERDORRIC L - TEH S5 %k
RIHEBEBEOR EICH DT, WD R DK B Ny FRICHAEDE - T
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Wb, ZTOH, BAROREREE RS 5 72D/ NEEORE CIXRET, A
WHBEE S E LEHAENLETH D,
ZHABROMLESE  HAROEIIIFEIIC L RS, SHEE» D B TR
DERBERICE TN (BEARESLKK S OFEHELOMm b Hilkilz X > Thkx
Thd, SHIC yéﬁmumﬁmazfiaMEEmﬂwb%mmmiﬂ?m ZHE o A
GOEABHETH S, FHMIBITITTITZE O HIK O RBEIT RIS U 7o 5 kA HE A
MR TEIEIRTERI AR, BT HERBIARE 1‘3%47@5'/(70)w%ﬁ>§7\ﬁ‘ﬁb“€b\50jJIJ%LT\
ﬂﬂgiﬂ’ﬁiﬁki@&ﬁ%ﬁﬁ@%ﬁk@’E”E“l/fb\éo ZDH, HERDZEARD
Wz R 572 010iE, SO RKRO 2 HBHR S A T2 MET D X9 :%HE
Hh 7 %fféz%ﬁﬂ%é SHIZ—2OOFEM TREDEDBBE I NS
W, TOHIRKEE OB R THL O, MM THLRT LD _%E%sémmm
VAN SR R o e ] E R e B a‘éﬂﬂhﬁﬁﬁé@é@ﬁs#ﬁlJ%ﬁ%%iﬂ“é%é\%&;éo z
DX D e MBI & RIS BL G O KB Z4T 9 1%, D oOFEEMOBIET —
2 CIEREER D, RECSZHEOPEMEZR T L ENRLETH D,
FAEFPEOHE—OMBLEM, . KEHEZFAET 272005 T KEL ., (FELEK
OREE THHETIEANZ Y, £ ANORFEENFHEICSINTE DELT
Rond7ed, =2V TOFHPEL RNVERELZZKE TR D LER
AL%, bL, FABEECHEEME CRERARIVE, BoleT — ¥ 2T
LTH, ¥4 NACRENRT —Z OEN, AEROEILTH DL DN, Fik
DHEZELDENTHDLONHBATE RV, £ A FHZ KT HEAICH.
F—OFETHLNET —F ThiuX, FIESPKEDENWE ZNIZEZELT
T — 2% LT A FNEOEWVWEZHLNITEZENTEL, 20D,
EW - Rk - ZHMEE=F) T OERICIT, M—O~=aTVEHLEFL, £
FZHE = T2 FR A O FRBR & FE D 125 S 23 M vl BE 72 A& Tk 2 A O J & & O [
THEAEL, ENEMEKT D LEBRARERD,
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4 .

(1)

(2)

2. ZMN-EREERROBREEMERED 4 DDEH

AR -EREBROBERK

RO ARIZE LD 67% % HBMARTEDI (2017 FBE, HRETHREHEHR LD 5
). BAREIIHR O 234 NEF O 21 2 Th - T (2015 FFE, FAO 2015), H
ARIIBRICEEINTEEHES 2D,

LU, TEMSEEMEEOAREZR—EAORAITMBEE | 12k b L. kA
FOMREEIL, 1950 FRZ L DBIEICBWTHEZDOALTEY . BEHMNICIZE/LT
DM THERE L TV D LR S (BREEE AWM RMELOAERERR T —E20H#
AREHMICRE T 5 HEta 2016),

—Ji. BARIZBT2EFEOmEIL 1910 FRICIFELOB L ZE 10%% O T\
(/IM52010) . BRIZKT 2 AN Ol & 227 Of/MIORIZ KL D | 1990 0 E TIZ
1 %REICETH D L, BEDRRECHRE L TWD (EBHKESE 2016),

FR-EREBRICEBTSEYEHRED4DDREH

A=W 2 RRVE E Rk 2012-2020 Tl BIE D AWM S MO 2 £ ORI K O
RND, RO 4DIZHEBIL TS,

T4 o0 mBEmEIC, ENORMK - BIFATERIZ OV TR 22 # & BUIR
DOWEE AR~ %,

1) IE10EE] NAOFIRICESHM - EROEIL

1o, BHESEER S AN SR T ADREERIC L D EMZERIME~
DHETHD,

AARTIEIZ, < &b BYIB AR LI, ki L CADEFEDL L2> Tk
D BRTER LN D KB OHRNARIEB O BELR ZITTWD GA 2011),
NITBRE TR EEAEL T OOMEE T 2ARM ., HEOEE L+ 5 T E,
M ONEE L T HRE, RELRDBEOLR, BRE, ¥/ aHlE2/5720
FHREFAH LT (GE% 2011),

Totman (1989) (2 Xk % &, HRMILIATO B ARICEB W CIRZA 2 HEARHEEN R ST
I 2l o7zl D, HROBTEREIRL LS (WE 600~850 4
BE) 1ICiE, BERHFRE, M ORR T —LANEIRE I, BNAMICEE L
IWHZ > TT7 7 B ATE D HAEDESBMKITE CTHRE I L, FRE R
I, RBBZRREL, TR, FHE0/EFR EZOME, M KI 2 A0%0F
VT REOARMMNBVLEEE 720 o JUM D B AN ALERIZ D31 F TR 722 ZRARTE K23
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R0 RERRAM OB EZ R, 2 O o R & 28 & LR A
RE2MO ETOIHRMEHELOBFTRARENEAICRY . BHEOTREITEM ST,

o HHADH W RE E T, SHEM AN THAREZER L CTEMRMAELBRT 0
SHEMBIRBENREIICE R LTV mRTH S, BIRICA D BEERH biﬁﬁ@
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