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Minimize the effects on the environment.
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Onikobe Doro was planned as a route

with many tunnels and bridges.
bRREBRESV—PEEZILE,

queetion Answer
This was done in order to prevent people from de-

stroying or altering the mountains.

o¢s5LT?
TESE, UDLEMORY. umuttl—:r-'muxaunrww.

Onikobe Doro features an exclusive
path for wild animals under the road.
FAEHYTAOBY BEHBOFIZ. 1 HFEN

RLELE,
@uestioﬂ Answer

Through our research, we found that wild animals
often go to the other side of the roadway using stream
beds or crossing over the tops of the mountains.

However, we have also decided to build an underpass
exclusively for their use in an attempt to avoid dis-
turbing their natural migration patterns.

Katakura Komorebi Bridge is longer
than first planned.
FRIVATEE, BErs2THER< LA L,

QELlestiDzl ‘

The reason is that we found that wild animals of-

ten pass underneath this bridge. We made the bridge -

longer so that the animals would not be hampered

by the bridge supports.

0&5LT? _
SHOMET. CORDTHRYULEOAYBEG>TUS S LH DY

ELE, THPSLTROLS, BWLSIRAELSBOTLEINSTT,
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Alf the equipment and materials used in the constructton of the bridges were
transported on cables.
FOGIERENI A, S— TN CEBLIHE

5"'\ bt =z e
[OIESEN Answer

BHEEERB L TEUE L,

- O&en.when construcﬁnganewroad. it is necessary to cut down many trees to allow
equlrment to the site. We were able to avoid doing this by transport-

for the transport of
ing our materials by cabl
[074-1V1 & PENENNE

lﬁ?ﬂﬂii&fbkﬂ ELUIIBIB§3<U 9/7ﬂ~?l&u¢6ﬂibn27ﬁ ihkﬂ!(m*ﬂimbtﬂ
LY Zthe SREKLEDOHNE SR, WABHTT, -

We filtered the dirt and sand out of any ground water released during the
constructlon of tunnels before we released nt mto local streams

This prevented the stream water from mixing with the dirt and rocks that would fall.
when we drifled above the stream. This kept the water clean and did notaffecttheﬂsh
that live in the stream.

OL’ 3Lt
Ianﬁwlb‘messnts. Mmofmnﬁmuarn BEBILEBYE A, TTHS, AOED
P SRR RANEY,

We placed pads on the trunks of trees located near the construction site.
FREORIOARIL, HLTY HGLEBITILE




Insect controls were used when we
set up lighting fixtures on the road.
DREBICRRRESS U FERIT LT ES

installed.
B ERERTH) L3 HEEMUET.

4;,2 iestior

Small ammals such as mice and snakes could

There are many insects:in the area that are at-'_
tracted by Ilght. We employed hlgh voltage sodlum
0¥sLTY ‘
< AR, &(!Dﬁﬂb‘isbtt\i?. E %Lﬂb‘bi&iﬂ?%ﬂ)
' 53(!.\51’, CORED. R§&<!$b‘!?t_tt\lE"'l~U'7Aﬁ§_
ﬂﬂbt BRcEASEEEIRLETY, - oy <.

problem was solved by installing slopes every 20
meters to allow them to get out.

OEobt?

L3, AEREOMEDIE. ﬂk—lﬂ‘sf“bsﬁt‘mﬂt‘!ﬁl\n‘
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Gentle slopes for the gutters were

not escape from a gutter once they fell in.. The

We built fences around the road.
WO PEEPYBEHAY. LEESAHEINR. THUEOHAEERET,

Question

Wewanted to protectwild animals from beingrunover. Inaddition tothe fences,
wie planned the animal underpasses to lessen this problem as well.
O&5LT?

ZO2FELTSVTE, BACERNTIHRRBELETY, TRCGHEEEV LRSI IOESD
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We planted saplings along the slopes that we altered or
plastered.

ROV, BHFTEMCAURIENSIITBERTLTNERT,

a Que stion

~ Leftalone, itwould take hundreds of years for the beech tree forest
_torestoreitself. Even though the saplings are small, they will grow and
. blend into the surrounding trees.
-QE5LT?
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Onikoube Road

1 Natural Environment

The Environmental Conditions and Issues of Onikoube Road

Route 108 / Onikoube Road stretches across Miyagi and Akita Prefectures
passes through the towns of Naruko and Ogachi. Areas contiguous to the roadway
include Kurikoma Quasi-national Park and are replete with tourist destinations such as
the rich natural environment of Mt. Kurikoma, hot springs, and various sites of historic
interest.

The Tourism Industry is the mature core industry of the area, providing
activities such as mountain climbing in the early summer to autumn, resorts in the
summer, and scenic views of the turning leaves in the autumn.

Under these circumstances, the number of tourists visiting this region has
increased annually, and is now in excess of 700,000 people.

For these reasons, the roadway had to be built in ways that would allow
tourists to stay in close contact and commune with nature in Kurikoma over the four
seasons.

Flora

The entire region is blessed with forests in their natural state. Notably, the region
between Mt. Kurikoma and Mt. Kamuro is covered with rich dense forests of Japanese
beech, which forms a valuable flora resource. Vegetation surveys have confirmed the
presence around the Onikoube Road of four vulnerable species of three families, and

91 species of 28 families that are specially designated by the park.

Vulnerable species: Plant species are listed in the Current Situation of
Important Plant Species for Conservation in Japan (Japan Nature
Conservation Association, et al., 1989)

Species Specially Designated by the Park: ~ Plant species identified by the
Director-General of the Environmental Agency according to the Nature

Park Act under restriction from removal or damage within the region.




Fauna

The area surrounding Mt. Kurikoma is replete with rare fauna: birds such as the

Nucifraga caryocatactes and Aix galericulata, amphibians such as the Blue Forest

Frogs (Rhacphorus arboreus), insects such as Leptocarabus harmandi harmandi.
The following are known to inhabit the area of the Onikoube Road:

Plants 113 families 740 species
Mammals 6 orders 12 families 16 species
Reptiles S species
Amphibians 9 species
Insects 15 orders 175 families 1608 species
Fish 6 species
Land mollusks 11 families 22 species
Benthic organisms 51 families 127 species

As noted above, the area is blessed with natural riches and sited in a Quasi-

national Park inhabited by fauna and flora of diverse species and types. The

protection and conservation of the precious natural scenery and the fauna and flora of

Kurikoma are issues to be dealt with on a long term, continued basis to better preserve

the biological diversity of Japan. With this in mind, the Onikoube road had to be

built with careful concern to the surrounding natural environment.
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Summary of the Onikoube Road Project

Route 108 stretches over a distance of 202.3 km, starting at Miyagi Prefecture’s
Ishinomaki City, diagonally crossing the Ouu mountains, and ending in Honjyo City
of Akita Prefecture. 1t is a lateral link between the Japanese coastal areas facing the
Pacific Ocean and those ‘on the Sea of Japan. Additionally, the area surround
Onikoube Pass (Height=820m) within Kurikoma Quasi-national Park is commonly
referred to as the ‘Senshu Sunline’ and has sustained an increase in tourist and leisure
traffic.

However, the former route around Onikoube Pass was exceedingly steep — it was a
mountainous road with slopes and sharp curves coming in such quick succession that
the road was completely closed for approximately six months each year, especially
during the winter season, due to heavy snowfalls of more than 5 meters in depth.

The situation caused construction of Onikoube Road to be undertaken as a
national project in FY 1979 to “allow traffic during winter and to secure safe and
smooth passage.”  The road opened in FY 1996.

-
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Benefits Gained from Construction of Onikoube Road

Benefit 1: Traffic now possible throughout the year
No section of the road is routinely closed off in winter, making traffic
possible throughout the year. Major benefits are predicted in regional
commerce and area interactions.

Benefit 2: Better Safety and Comfort
Problems involving dangerous areas such as precipitous cliffs, avalanches,
and fallen rocks are being resolved, which allows safe and smooth transit
and a more pleasurable driving experience.

Benefit 3: Enhancement of Tourism and Leisure Activities
Onikoube Road is located in Kurikoma Quasi-national Park, and will
likely bring major benefit to the regional tourist industry by providing a
new zone serving to link Naruko and Ogachi Towns.

Benefit 4: Support for Regional Stimulus
As traffic is now possible throughout the year, the delayed development
of the region will be resume and the regional potential will grow as the
basis for employment expands, young people are encouraged to remain in
the region, and the regional economy is stimulated.

Onikoube Road as an ‘Eco-Road’

In the process of planning Onikoube Road, the location of the road in Kurikoma
Quasi-national Park and the rich natural surroundings were core factors. In 1979, an
environmental impact assessment was conducted as called for under “Interim Policy of
the Environmental Impact Assessment Involving Projects of the Ministry of
Construction” issued in 1978. At the time, environmental concerns were growing as
evidenced in the holding of the Earth Summit in Brazil in June 1977 under the theme,
“Harmony of Nature and Human Activities.” The Ministry of Construction began its
survey on constructing of Onikoube Road as an ‘Eco-Road’ that emphasizes harmony
with nature.

Under such conditions, Onikoube Road became the leading part of the construction
of the Eco-Road in the “11" Five-Year Road Improvement Program” which initiated in
1993.




[Eco-Road] Eco-Road is a combination of ‘ecological & road.” It refers to the
kind of road working to achieve harmony with not only important fauna and flora but
also the entire ecosystem, including species commonly seen.

What is an Eco-Road?

(DMinimize the effects on the environment.

(@When construction in required, restore the area to its original state as soon as
possible. |

(3Be considerate of all living things in the affected area.

History of Onikoube Road _
1974 Ministry of Construction surveys began
1975 Project begins; Environmental Assessment conducted
1976 Purchase of lots and construction began

1977 Earth Summit, Rio Declaration
Onikoube Eco-Road Committee formed
Promotion of Eco-Road measures
1978 the 11" Five-Year Road Improvement Program
1979 Onikoube Road Monitoring Committee formed
1996 Onikoube Road Opens

The Course of Building Onikoube Eco-Road

In the course of the Onikoube Eco-Road Project, an “Onikoube Eco-Road
Committee” of experts and specialists was established for work in 1992 and 1993.
The Committee conducted a number of detailed surveys and studies of the planned
site and promulgated diverse advice about the measures to ensure minimal impact on
the ecosystem. The committee met and held six surveys in the two year period, and
discussed what measures could be used for an Onikoube Road which was already
70% complete, and what problems might arise. The contributions of the Committee
were reflected in the construction plan and the project itself.

The construction theme of “kind to the people, kind to the nature” sought not only
to provide more convenience and comfort to people using the road, but also to ease
the impact on the rich natural environment and its fauna and flora. In accord with
this, the basic project goals were to construct “a road in harmony with nature,” “a

road preserving nature,” and “a road allowing interaction between people and nature.”




Committee members

Head Shimizu, Kotaro Professor, Mining Department, Akita University
(Regional Environment Planning)
Member  Ono, Yasumasa Professor Emeritus, Humanity and Social Science
Department
Iwate University (Mammals)
Ogasawara, Professor, Education Department, Akita University
Takashi (Birds)

Fujiwara, Kazue Professor, Environmental Science Research Center,
Yokohama National University (Flora)

Sasaki, Akio Director, Forest Department, Akita Forestry Center
(Retired) (Insects)

Sugiyama, Hideki  Chief researcher, Akita Fishery Center

Takatori, Tomoo  Researcher, Sendai City Science Museum (Fish)

Institution Ministry of Construction,
Public Works Research Institute,
Tohoku Regional Construction Bureau
Yuzawa Construciton Office
Miyagi Prefecture
Akita Prefecture

Committee agendas

(1992) Existing materials were collected and organized

1* Committee: Problems with Eco-Roads were recognized and discussed
Eco-Road Construction theme and concept established

2" Committee: Measures were organized and categorized

3" Committee: Eco-Road Basic Policy established (1993)

4™ Committee: Analysis of issues
Construction procedures approved

5™ Committee: Measures for Specific Areas were worked out and
Construction Plan was set up

6" Committee: Construction Plan was drawn up




3 Basic Plans for Onikoube Eco-Road Construction

An Eco-Road is designed with careful consideration to the surrounding ecosystem

to minimize the impact on the environment to the fullest extent possible. The term is

coined from ‘eco-‘ from the word, “ecology” and the word “road.” It refers to a road

using structures and construction methods that emphasis harmonious co-existence with

the surrounding ecosystem and works to enhance the natural environment.

Specifically, “Eco-Road” refers to projects such as:

Routing that preserves the natural environment

Use of tunnels and bridges to minimize impact on the natural environment
Installation of “animal crossings” to allow animal trails to cross roadways
Installation of “guide fences” to prevent collisions between automobiles
and animals

Utilization of topsoil containing seeds of local plants and soil organisms

Greening of slopes and other surfaces with potential natural vegetation




Measures for Onikoube Eco-Road

[Goal 1] Construction of a road in harmony with nature

[Objective 1]- Harmony with nature

[Measures]
Measures involving structures 1)  Use of bridge forms to minimize the impact on nature
2) Use of retaining wall structures to minimize the alteration of
natural topography
3) Use of tunnel entrance structures that do not cut into the ground

Consideration for natural scenery  4)
)

6)

Use of bridge forms that harmonize with the scenery of
surrounding natural environment

Use of tunnel entrances that blend with the scenery of
surrounding natural environment

Use of retaining walls that gives consideration to the
surrounding scenery

[Goal 2] Construction of a road conserving nature

[Objective 1] Conservation of nature

[Measures])
Protection of animals 7)  Installation of animal trails
8) Installation of guide fences
9) Installation of emergency shelters for small animals
10) Installation of sloped ditches that allow animals to escape
11) Installation of shelters for large and medium sized animals
(installment of fences made of logs to the slopes)
12) Installation of lighting that have low capability of attracting

bugs

[Objective 2] Restoration of nature

[Measures]
Restoration of Vegetation 13) Greening of roads (plantation on site)
Restoration of Natural Waterfront 14) Restoration of natural shores and banks

15)

Implementation of turbid water measures at the time of
construction

[Goal 3] Construction of a road allowing interaction between people and nature
[Objective 1] Communicate with nature

[Measures]

Meeting of People and Nature 16)

17)

Installation of resting places so that people can freely take a
walk

Installation of stopping lane so that people can commune with
nature

[Objective 2] Love for nature
[Measures)

Public Education 18)
19)

Installation of signs that call people’s attention to animals
Prohibition of throwing garbage away
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Use of retaining wall structures to minimize the alteration of natural topography
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Restoration of natural shores and banks

Installation of stopping lane so that people can commune with nature

e i S0 o ::f/g >

: -’?‘Kté uras
g \\ x
‘l” ¢

awa \JJ
1R




To preserve the rich wildlife various constructional devices have been used.

What should we think about before building a road?
The animals that live in the mountains and rivers and the trees that make the
forests should be protected.

B Onikobe Doro was planned as a route with many tunnels and bridges.
This was done in order to prevent people from destroying or altering the mountains.
(There are 7 tunnels and 17 bridges comprising 61 percent of the entire length of
Onikobe Road.

B Onikobe Doro features an exclusive path for wild animals under the road.
Through our research, we found that wild animals often go to the other side of the
roadway using stream beds or crossing over the tops of the mountains. However,
we have also decided to build an underpass exclusively for their use in an attempt
to avoid disturbing their natural migration patterns.

MK atakura Komorebi Bridge is longer than first planned.
The reason is that we found that wild animals often pass underneath this bridge.
We made the bridge longer so that the animals would not be hampered by the
bridge supports.

While the road Was under construction

To protect trees grow in mountains and animals live in mountains and rivers

M Al the equipment and materials used in the construction of the bridges were
transported on cables.
Often, when constructing a new road, it is necessary to cut down many trees to
allow for the transport of equipment to the site. We were able to avoid doing
this transporting our materials by cable.
B We filtered the dirt and sand out of any ground water released during the
construction of tunnels before we released it into local streams.
This preserved the natural beauty of the streams and prevented the death of the
fish in the streams.
B We diverted streams with large pipes whenever we were building a bridge.
This prevented the stream water from mixing with the dirt and rocks that would
fall when we drilled above the stream. This kept the water clean and did not
affect the fish that live in the stream.
M We placed pads on the trunks of trees located near the construction site.

This prevented the trees from being injured by the equipment used in the




construction process.

After the construction is complete, the road functions in an eco-friendly way

due to its unique features

M Insect controls were used when we set up lighting fixtures on the road.
There are many insects in the area that are attracted by light. We employed high
voltage sodium.

B Gentle slopes along the gradientof the gutters were installed.
Small animals such as mice and snakes could not escape from a gutter once they
fell in. The problem was solved by installing slopes every 20 meters to allow
them to get out.

M We built fences around the road.
We wanted to protect wild animals from being run over. In addition to the
fences, we planned the animal underpasses to lessen this problem as well.

B We planted saplings along the slopes that we altered or plastered.
Left alone, it would take hundreds of years for the beech tree forest to restore
itself. Even though the saplings are small, they will grow and blend into the
surrounding trees.

4 Environmental Monitoring of Onikoube Road
At present Onikoube Road is open, and the “Onikoube Road Monitoring
Committee” was set up by the former members of “Onikoube Eco-Road Committee.”
With expert advice, the Committee strives to find the effectiveness of Onikoube road
as an Eco-Road and conducts follow-up studies in order to accumulate materials that
may be helpful in the future construction of Eco-Roads. The monitoring surveys

suggested by the Committee are as follows:




Annual Plan for Onikoube Road Environmental Monitoring

Continuous Survey of existing plant | Once between | 10 places Quadrat survey
Surveys colony summer and
autumn
Survey of mammals Spring,  summer, | 10 sites Field sign survey
autumn, winter Trap survey
Survey of birds Spring,  summer, | 7 sites Fixed point survey
autumn, winter ]
Survey of insects Spring,  summer, | 6 sites Light trap / random
autumn survey
Survey to fish Autumn 6 sites Survey by capturing
fish
Survey of  benthic | Spring, autumn 6 sites Number of species,
organisms numbers
Survey of water quality Spring,  summer, | 4 sites BOD, pH, SS, DO,
autumn, winter colon bacilli, color
(monthly during 1* intensity, turbidity
year of  use)
(Survey of
countermeasures
against -snow and
ice conducted
between December
and March)
Surveys to grasp | Survey of vegetation
the effects
Slope vegetation survey | Annually for 5|2 sites of | Tree height, trunk
years after planting | slope size
(beginning of | vegetation
November)
Quadrat survey | Starting 5 years | (48 places) Survey of formation
after planting with
surveys every S
years (once in
spring and
summer)
Survey on road crossing | Spring,  summer, | Sites where | Photos, sand
autumn animal trails | scattering
were installed
: (1 place)
Survey of traffic | At all times (every | All roads Patrol
accidents year after use)
Survey of animals that | Spring, summer, [ 6 slope-type | Number of Species,
fell in the side ditches autumn side ditches population
Survey of lighting that | Spring, summer, [ 2 places of | Number of Species,
have low capability of | autumn tunnel portals | population
attracting bugs 3 resting
places
Survey of air pollution Once a  year | 1 place for air [ Carbon monoxide,
(autumn) nitrogen oxide

Survey of noise pollution

3 places for
noise
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Nikko-Utsunomiya Road

1

Natural Environment
In the last ice age, no islands except northern most Hokkaido had continental glacier
on lower altitude. Periglacial geography, such as cirque (Kar) is seen at altitude over
2,400m in the Honshu Island. Many animal and plant species of northern and southern
origin survived in Japanese planes through the ice age. This historical and

geographical characteristic made biological diversity in Japan rich and unique.

(1) Vegetation in Japan
Vegetation in Japan reflects strong influence of the latitude and altitude.
Islands that consists of Japan streches north to south, cfeating bands of
characterisitic vegetation types.
Those islands have their own spine mountain ranges. High altitude, and low

temperature makes vegetations on the mountains resemble to that of higher latitude.
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(2) Nikko National Park

The Nikko National Park was first designated in 1934. The park is located at the
north rim of the Kanto Plane, and is consisted of 5 areas, Nasu, Shiobara, Kinugawa,
Nikko, and Oze, and the total area is 140,164ha.

Since this park is located in the center of the Honshu Island, the species of the park
is quite diverse, consisted both of northern and southern species, and species both of
Pacific Ocean side and of Japan Sea side. The diversity of geography and geology,
and relatively long history of conservation movement in the region also supported the
biological diversity in the park. The number of seed plant species observed in the park
is about 1,500, and that of bird species is about 180.

- In the Nikko area, there are many volcanos, plateaus, lakes, mashes and waterfalls.
Such natural beauty naturally attracted indigineous people, and Nikko town was started
as a base for animistic spiritual center about twelve centuries ago. Toshogu Shrine,
Futarasan Shrine, Rinnoji Temple are the most major religious sites today. The
Shoguns in Edo era were the patrone of those institutions. The artificial beauty at
those sites rivals well with the natural scenary.

The Toshogu Shrine is located at the end of the 35 km strech of old cedars on
Reiheishi Road. The first of fifteen Shogun, Iyeyasu, was buried at the Toshogu
Shrine. The Reiheishi Road was constructed for the decendants of him to commute
between Edo and Nikko on ceremonial occations. The cedar saplings were donated by
local pheudal chiefs (Daimyos) to signify the ancient highway. The planting was
completed in 1648, and about 15,000 original trees are still standing.

(3) Vegetation in the park
Since the geography, geology and climate in the park is very diverse,

Forest: Forests in the park are strongly affected by the type and amount of the
volcano ashes.

Under 1600m: Forests are dominated by broad-leaved deciduous trees
such as Fagus crenata Blume, Clethra barbinervis ,
Quercus mongolica, Acer.

Over 1100m: Forests are dominated by conifers such as Tsuga diversifolia,
Thuja standishii, Thujopsis dolabrata.

Marsh: Many marshes can be classified by their structures. In this park, both ‘low
moor’ rich with nutrients and ‘high moor’ with developed Sphagnum layer
are observed.

Endangered species in the park includes; Clematis patens, Symplocarpus foetidus

(outside the Preserve), Rhacphorus arboreus, Mundi phaedusa sericina.



(4) Animals in the park

The deciduous forest is the most important habitat for Japanese mammal species.
The Nikko area is famous that almost all mammal species in the Honshu Island are
observed, and their population is large. Japanese monkey and deer move between the
summer and winter habitat to avoid deep snow fall in winter. Such behavior is not
observed in other region.

Large mammals seen in the park includes; Capricornis crispus (=742 h €% ),
Cervus nippon (2% ), Selenarctos thibetanus (V¥ 7 2% ),

Smaller mammals in the park includes; Vulpes vulpes (77 ¥V R ), Martes
melampus (7 >),  Petaurista leucogenys (A ¥4 ),

(5) Educational function of the park

There are * Visitor Centers in the park where visitors can learn about the nature,
history and culture of the area. Each Center plans several day-tours from Spring to
Autumn. Through out the year, nature trails are open to public. Parking lots, toilets
and camp sites are located along the trails.




2 About the road

The Nikko Utsunomiya Road expressway stretches 30.7 Km from Utsunomiya
Interchange, via Tokujiro, Osawa, and Imaichi Interchanges, through Nikko Rest Stop
Area, Nikko Interchange, to its ending flow into Kiyotaki Interchange. Four full lanes
service the stretch between Utsunomiya and Nikko Interchanges, while there are two
between Nikko Interchange and Kiyotaki Interchange. The section between
Utsunomiya Interchange and Nikko Interchange (24.7 km) was inaugurated December
25, 1976, followed by the opening of the six kilometer stretch between Nikko
Interchange and Kiyotaki Interchange on October 10, 1981.

The roadway has a major role in the Tochigi Prefecture plan to ease traffic
congestion on Routes 119 and 120 by constructing a by-pass to Route 119 and by
expanding Route 120. Responsibility for the by-pass plan was given to the Japan
Highway Public Corporation which completed the work.

Although the road’s final destination was initially the Nikko Interchange at
Shichiri, Toushougu Shrine sought mitigation of the expansion of Route 120 because
the widening would downgrade the beauty of the natural environment and because of
losses to rare assets such as the ancient Taro cedar. Expansion was suspended and an
‘alternate final destination was set at the Kiyotaki Interchange in Kiyotaki Town.



3 Nature conservation measures -
Objectives in general
The basic principles for nature conservation measures implemented in the
primary section of the Nikko Utsunomiya Road between Utsunomiya Interchange and
Nikko Interchange are:

1) to conserve the value and beauty of the local environment,
2) to reach harmony with the surrounding scenery, and

3) to create an environment that enhances the pleasure of driving.
The primary conservation measures based on these principles, are:

1) selecting routes to preserve as much of the woodlands as possible;
2) planting for erosion control and/or for landscaping; and
3) utilizing flowering plants or trees that bear flowers or turn colors in autumn

to produce setting for an enjoyable drive.

Special attention for the section within the National Park Reserve

In addition, some three kilometers of the secondary section between Nikko
Interchange and Kiyotaki Interchange passes through the National Park Preserve, and
therefore the section was given closer attention in the development of the conservation
measures. The following emphases emerged from careful consultation with the

Environmental Agency:

1) Detailed surveys of fauna and flora should be continued and conservation
measures implemented as required.

2) Deforestation should be kept to minimum.

3) Measures should be taken to prevent turbid water from flowing into rivers.

4) Open land surfaces and sites of temporary construction structures should be
covered in greenery with local plants.

These four areas of emphasis then led to the adoption of the following policies:

1) minimizing any alterations to the environment to preserve and conserve the

beauty of the natural environment,

2) restoring altered areas to the full extent possible, and
3) protect the wildlife.




Based on these policies, we implemented the following concrete measures:

1) Horizontal alignment of the roadway was revised to reduce cut slopes.

2) Vertical alignment of the road was lowered to reduce the height of fill and
the width of road site.

3) Large-scale cut slopes were modified into tunnels.

4) Bridges were used instead of fills.

5) The fill gradient was reduced to 1:2 so that local woods could be
transplanted.

6) Topsoil was preserved for re-use.

7) Valuable flora found in the general area was transplanted.

8) Drainage from the road was collected in penetrative pits so it would not be
discharge into rivers.

9) Animal crossings were installed to protect animals from vehicular traffic.




1. Route Selection and Environmental Conservation

In order to construct a passage crossing the Reiheishi Road (Route 353) without
cutting down cedars adjacent to the highway, the route was changed to pass through a 40
m gap found between a row of cedars near Jukkokuzaka.

Comparison study of different

N
| To Utsunomiyalyns s "7
LA M"‘v:ﬂ Mitfj: ,._‘ a— »

\ ,
Tueray prd R NS

. a
e \{{ﬁﬁ%‘fsﬁ mg"o,\éff,{‘:‘.‘-‘%%
' ic‘“ - ] e,
\Ig"}?.: “- A2 T4 ‘\Roa £ .
e

Cre

. '__-‘h:" st 3 o M"“A’,
- L T} PO
- \L&!\‘:/oll"‘ e —F’gd;—f;\
U nu |Cedars [To Nikko] Gt

* Reiheishi Road crossing near Jyukkokuzaka

2. Conservation of Woods

Woodlands within the roadway environs were preserved to the fullest extent
possible.
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3. Utilization of Topsoil
Topsoil preserved and retained from the National Park Preserve was used to fill

the slopes so that natural vegetation would recover at a faster rate.

4. Preventing Riverway Contamination
Penetrative pits were installed to ensure that the road drainage produced during

and after the construction sift through the device, to preclude discharge into the
Converitional] _ |

riverways. -onventi
[Device|

(Concrete Basin |

Penetrative Pit




5. Alignment Design and Environmental Conservation
The road alignment and structures were devised to conserve the nature in
National Park Preserve such as Mt. Nakimushi, and also to give full consideration to

preserving the view and scenery from Nikko City.

(Cutting trutures were tumed it tinels o conserve funa and loa

" Fill heights were lowered to reduce the size of land required for road
construction, consequently impacting less of the natural environment.

v
i ‘

Fill gradient was reduced to 1:2, and topsoil was placed to allow faster natural recovery.

6. Restoring Spawning Ponds for Frogs

A spawning pond for Blue Forest Frogs (Rhacphorus arboreus) that was sited
within the planned roadway area was carefully relocated to help continued reproduction
of the species.

Artificial spawning pond




7. Preventing Deer Incursions
The height of the site rail was elevated from 1.5 m to a taller 2.5 m to help
preclude incursions by deer. Gates dedicated to deer egress and ingress were installed

to allow the animals to reach watering holes.

4

Higher site-rails

Deer access gates

8. Animal Crossings Trails
To protect deer, monkeys, foxes and raccoons inhabiting the foot of Mt.
Nakimushi, crossing trails were installed where previous trails were known and other

crossings were provided elsewhere.

C-Box Style Animal Crossing




9, Scenic Conservation

Many flower trees or trees that turn colors in autumn, and flowers such as
Nikko Kisuge (Hemerocallis dumortieri var. esculenta) were planted to create the setting
for pleasant driving. Additionally, plants inhabiting the road site were transplanted in

order to bring harmony with the surrounding scenery.

\ e
Scenery enhancing driving pleasure
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4 Monitoring results
Experts conducted four surveys of the natural environment between the start of

construction and the present day. These surveys concentrated on the section between
Nikko Interchange and Kiyotaki Interchange which is where the primary focus of the
environmental conservation measures lie.

The results showed no drastic impact on vegetation, insects, birds, mammals
and others. In some biological groups, species were found to be more diverse, and
there was rapid recovery from the temporary changes in evidence at the end of
construction. The animal crossings such as culvert boxes proved effective since
mammals are known to use them. Likewise, alternative spawning ponds have been

found effective with Blue Forest Frogs (Rhacphorus arboreus).

Nu.mber'of Number of species
invading herbaceous species : initially planted

Number of invading

Recovery of Vegetation (1992 Monitoring Survey)
Plant species newly found on slopes
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3.2 TField Trip of Eco-Road

BB Participants of the field trip
Dutch participants
National Reference Center for Natural Management Paul Aukes
Road and Hydraulic Engineering Division, Ministry of Transport, Public Works and
Water Management
Hans Bekker
Hans de Vries

Unie van Provinciale Landschappen Wim Geraedts

Japanese participants
Public Works Research Institute, Ministry of Construction
Traffic Environment Division Hirofumi Onishi
Atsushi Kawakami
Ruriko Imahori
Landscape and Ecology Division Yoshiyuki Hioki
Atsuko Ishisone

Yayoi Kaneko

Japan Highway Public Corporation Tomofumi Yanase
Japan Highway Landscape Association Hiroshi Kimura
Polytechnich ADD Inc. Kakiko Ide
Interpreter Yamakawa

BB Document

B November 9th 1999 (Tue)

[(OSchedule

9:00 Left the Public Works Research Institute
Stop in Kuwashima Bridge (crossing point of Kinugawa River and National Road
121)

11:00-11:30 Arrived at Kanuma Highway Management Office

11:30-17:00 Excursion of Nikko-Utsunomiya Highway.

Attendance

Japan Highway Public Corporation Mr. Shinozaki
Mr. Ikeda
Mr. Ono




[0 Explanation and Discussion (11:40-12:40)
General information of Nikko-Utsunomiya Highway was explained by Mr.Ikeda. Then,
Measures for environmental conservation was explained by Mr.Ono. After watching

slides of the measures, discussion was done as followings.

Q : Why both side of this road is fenced ? (de Vries)

A : Because of making the road area clear to control.

Q : Did the species composition of plants change after construction ? (Bekker)

A : Number of tree species has been increased for ten years.

Q : What about the cost for environmental conservation in comparison with ordinary
road (de Vries) ?

A : This highway is located in Nikko national park. So, the plan wasn’t willing the costs.
In order to protect the scenery from Tohshogu shrine, cutting plan was replaced
tunnels. It was spent a lot of money. But, it is not easy to estimate the additional cost

exactly.

Q : What kind of maintenance is done to maintain the pond for forest green tree frog
(Rhacaphorus arboreus) ? Do you remove fallen leaves ? (Geraedts)
A : We don’t supply water to the pond, neither excavation. Surface flow provides

enough water to the pond.

Q : I think it is usual that some amphibian species often come over as pioneer. How
old is this pond ? (Aukes)
A : Forest green tree frogs usually lay at a small pond. We researched about their

breeding ponds for designing the new pond.

Q : Did you take measures for reducing noises and illumination ? (de Vries)
A : There aren’t lights along the road except interchanges, because of less traffic on this

road. And we consider that there is little traffic noise.
Q : Did you take account of environment for adjusted roads ? (Bekker)

A : Tt is present issue in cooperation with different public organizations and citizens.

We would like to cooperate with them when we put eco-duct for animals.



Q : I am afraid that eutrophication occur by restoring topsoil. (Aukes)
A : Banked soil for road construction is not suitable for vegetation development. So, we

laid top soil on the surface of constructed slope.

[0 Excursion of Nikko-Utsunimiya Road (14:30-16:00)

1) Preservation of historical roadside trees (nearby Juttkokuzaka bridge)

Roadside trees of Reiheiji-kaidho which planted Edo era were preserved by changing
route of Nikko-Ttsunomiya Road.

2) Preservation of woodlands
We preserved adjacent woodlands to the highway and the parking area in order to keep
Natural atmosphere of historical Nikko-kaido.

3) The created ponds for forest green tree frog

The bottom of old pond is waterproofed by concrete. The new one was just excavated
without concrete or sheet.

Question: I am afraid that water contamination occurs in the adjacent woodlands and
grassland. Because surface water of the highway seems to flow into them.(de Fries)
Answer: Surface water is once stored in the drainage cannel. Therefore contaminated

water does not flow into the adjacent open spaces

4) Landform conservation by avoidance ( Arasawa Daiya bridge)

Instead of cutting, a bridge was constructed to protect original landform.

5) Fauna passages
All members walked along the highway and watched box culvert for wildlife. Dutch
participants suggested to put stumps as safety passage for small mammals. Pipe

installation is also recommended.

6) Roadside fence for deer
Dutch participants suggested the necessity of passages for small mammals under the

deer fence below viaducts. Otherwise, even small animals’ habitat are discut by the

deer fence.




[0 Discussion at the hotel (19:30-20:00)
Impressions and suggestions by Dutch participants

@ Indication species of habitat disturbance were not seen alone the highway. In the
Netherlands, indicators of secondary forest remain for hundreds year.

@ We were surprised at U-shape ditches and embankments covered by concrete on all
faces. It did not seem that many of fences are necessary.

® Impacts of road construction should be evaluated by both species composition and
population of each species.

@ Ecological survey of mice and bat should be done. Because, they are fundamental
species of ecosystem. '

® Cost-Benefit performance is very important for these kind of mitigation project.
Different public organizations should be involved to promote mitigation project.

Frequent communication between different sectors are essential.

B November 10t 1999 (Wed)

O Schedule

9:00 Left the Hotel at Utsunomiya city

9:51 Left Utsunomiya station (Thohoku Shinkansen super express train)
11:21 Arrived at Furukawa station (Miyagi Prefecture)

14:30~18:00 Excursion of National Road 108 (Onikobe Eco-Road)

18:00 Arrived at the accommodation (Akinomiya Sansou)

Attendance

Yuzawa Public Works Office, Tohoku District Construction Bureau,

Ministry of Construction
Ryoji Sasaki
Tsuyoshi Komatu
Masahiro Takahashi
Shinobu [to

O General information of the Onikobe Eco-Road was explained at the monument
square (14:30-15:00). After that, Some questions and answers were held.

Q : Are there any impact for ecosystem by salt for melting snow ? (de Vries)

A Salt is scattered on the surface of the road. But, impact for vegetation is not seen.

According to the soil analysis of road slope, concentration of salt decreases with




snow melting, and they are not remain in spring season.

Q: In the Netherlands, there are some cases that salt resistance plants extend their
Distribution area alone ditches. Is same kind of phenomenon seen here? (Geraedts)
A: We consider that salt does not affect to the adjacent vegetation, because the salt

Flow away in the ditches.

Q: Ditches with slopes for small animals are only put in the mountain side. And there
are no pipes under the road, so small animals cannot cross the road. Installing
small pipes are effective to make passages for small fauna without erosion(Bekker)

A: We think small slopes of ditches are effective to save fallen frogs from mountainside.

Frogs usually spawn eggs in valley, so we install pipes at the crossing points of the
road and valleys. Seventeen bridges are also effective passage for them. Therefore,

We don’t install pipes any other places.

Q: Are “Ditches with slopes” factory product? We don’t have this kind of product in
our home country.(Bekker)

A: Yes, they are factory product.

O - Excursion of Onikobe Eco-Road (15:00-18:00)

Officers of Yuzawa construction office explained about mitigation measures at each
point.

1) Preservation of valley (at Komorebi bridge)

We usually make bank to construct road in this kind of case. Because, the valley is not
so broad. However, in order to protect creatures in the valley, this bridge was
constructed even without making access road. A crane was used for construction work.
Water of the valley was introduced to the temporary drain pipe to avoid water

contamination during the work period.

2) Roadside fence
Depth of snow cover on the roadside verge reaches 3-5m in winter. So, if we put fence
on roadside verge, Japanese serow (Capricornis crispus) easily cross them. Therefore,

the fence were put on the top of slope.




3) Eco Box (Box culvert for mammals)
Auto camera monitors mammal’s usage of the eco box.
Questions and suggestions by Dutch participants

Q: question A!answer S:suggestion [:impression

Q' The sensor of the auto camera is 15-20cm. So, I am afraid that small mammals are
missed to record (Bekker)

A: We monitor small mammals by footprints on sand,

S: If sand 1s wet, it is easier to collect footprints of small mammals as such as mice.

I: If we put a camera for monitoring in this kind of place in our home country, it will be
stolen.

S: There is a NGO to help immigration of frogs in the Netherlands. They count number
of road crossing frogs and asks temporary road closing to road managers. Also,

they put fences and traps alone roads to help flogs cross roads safety.

O Discussion at Akinomiya Sansou Partl (16:00~17:00)

1) Documentary video of Onikobe Eco-Road was shown by Yuzawa Public Works
Office.

2) Questions and Discussions

Q: How many kind of trees are planted on the roadside verge? (Bekker)
A Eight kinds.

Q: Is it usual to implement these kind of mitigation for road construction in Japan?
(Bekker)

A: “Eco-Road” principle becomes common for main roads, even for improvement work.
For example, bridges are constructed as "avoidance”. Onikobe Eco-Road is one of the
model case of mitigation in natural and mountainous landscape. Advanced points of

this case are well designed research work and monitoring.

Q: Do you make a new guideline for Eco-Roads or change the accomplished guidline?
Can you change design of roadside fence suitable for Eco-Road? (Bekker)
A It is basic policy to observe “Road structure law” and other guidelines. However, we
ask suggestions for the committee that consist of local naturalists, ecologists and
ecological engineers, and adopt ecological design as much as possible. We also

monitor the effect of the taken measures.




Q: Why don’t’ you try other types of ecological engineering not only “Eco-Road” here
and built “Ecological Experiment Area”? (Aukes)

A: We listen to opinions of local residence and road users when we take measures of
“Eco-Road’. If, we do this kind of new experiments, it is required to listen to their

Opinions, too.

[0 Discussion at Akinomiya Sansou Part2 (19:30~20:00)
Q: Did the team member of Onikobe Eco-Road refer to Nikko Utsunomiya case?

A: They seem to consult the reference of Nikko Utsunomiya case.

Q' The density of planted beech trees on the artificial sloops seems too high. Size of
them are almost same and they are planted in a straight way. Furthermore, forest
floor are cut clearly. I am afraid that all these design and maintenance to prevent
ecological succession.

A: We should have mixed pioneer species. Many methods of re-vegetation are tried in

Japan. Generally, high density plantation of plugs and thinning are used to control

weeds.

Q' Why do you need to establish woodland on artificial slopes? Why not grassland?

A: We would like to re-establish natural vegetation of the local area. Vine plants easily
overwhelm other herbs, so it is difficult to establish semi natural grassland. Also,
grassland are disliked by road users generally. Mountain fire occurs in grassland

more than in woodland.

0 Suggestion by Dutch participants

(1) Taken measures are not always successful. So, all we need is “try and error”. We
may say “Failure is mother of success”’.

(2) Nikko Utsunomiya Road is pioneer case of Eco-Road which constructed before
European mitigation measures were introduced to Japan. That road was well
designed with few ecological data. And it is important that philosophy of Eco-Road
succeed to Fuji Subaru Line.

(3) Engineers should exchange information positively when they design roads. New

knowledge is useful and to recognize what is unknown is also important.

(4) Public relation of Onikobe Eco-Road is excellent. Public opinion is strong supporter

for advanced ecological mitigation.




[0 Documentary video of squirrel's bridge (NHK TV Report of a new town in

Yamanashi prefecture) was shown.

B November 11t 1999 (Thu)

[0 Schedule

8:30 Left Akinomiya Sanso

12:15 Left Furukawa station (Thohoku Shinkansen super express train)
14:36 Arrived at Tokyo terminal

O Discussion in the bus

Q: Ecoduct is quite large equipment. What about number and size of them? How about
vegetation design on ecoducts? (Hioki)

A: Number of eco duct is largest in France. Germany, Hungry, Czech, Switzerland also
has many ecoducts. There is a ecoduct which has 180m width in Switzerland.

Soil on ecoducts becomes dry, because thickness of soil is not enough thick. We try to
install ditches on ecoducts in order to make wet and shadow habitat for insects and
slugs. We also design “Thick soil type ecoduct” to plant arbores.

Fences are put on some ecoducts to separate small mammals who move in bush and
predators who prefer to open habitat.

The following points are important to promote use of ecoducts.
@ Connect same kind of habitat type on an ecoduct which exist both side of the
bridge.
® Put continuous bush or shrubs as shelter.
Habitat types which can be put on an ecoduct is limited. So, it is realistic to expect

species’ movements suitable for limited habitat types.

Q: How do you decide balance between cost and benefit (in this case, benefit means
number of species that use an ecoduct)?

A: In France, relationship between species and size( width and length)of ecoducts were
studied. According to this study, narrow and long ecoducts had less use.

Construction cost is in proportion to surface area of ecoduct. (Bekker)
Q: Putting corridors( connection zones) may be also expensive, if you plan 50-100m

width for them. Have you already to realize such a wide corridor in The
Netherlands.




A: Since budget is limited, wide corridors are not yet realized. We need to select narrow
but longer corridor (ex. 20m X 5km) or several large stepping stones with very
narrow (ex. 5m width) continuous corridor. Moreover, we need budget for bringing
up vegetation of corridors. So, we take existing hedgerows and street trees in

corridors as much as possible.(Aukes, Geraedts)

Planning ecological network is popular in the Netherlands, but some of them were
planed without knowledge about habitat of target species. Selecting certain target
species from existing species and realizing establishment of their habitat is

essential.(de Vries)

Competition between ordinary species and rare species sometimes happen when we

connect natural habitats by a corridor. We need to pay attention about it. (Geraedts)

According to recent studies, in 70% cases, it is better to connect habitats. But in 30%

cases, keeping isolation is better. So, we should judge carefully. (Aukes)

Local populations are identified by genotype analysis by Maastricht University and in
Belgium on lizards and amphibians. About plants’ population, Berzel University and

Rent university have advanced experience. (Aukes, Bekker)
It is important to evaluate function of corridors as connection zone. However, even if

they rack function of connection zone, they still have habitat function. Therefore, I pay

attention for such kind functions. (de Vries)
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Photo-1

Discussion in Public Works Research Institute
The front rank, from left side, Mr. Geraedyts,
Mr. Aukes, Mr. De Vries, Mr. Bekker

The rear rank, from left side, Miss Imabori
Mr.Uesaka, Mrs.Kaneko, Mr.Kawakami,
Mr.Kitagawa, Mr.Hioki, Mr.Ohnishi

»

Photo-2

Excursion of Nikko Utsunomiya Road
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| Photo-3

Discussion in Kanuma management

) office of Japan Highway Cooperation
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Photo-4

Excursion members at the monument

square of Onikobe Eco-Road
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Photo-6
Discussion on Onikobe Eco-Road at

Akinomiya Sansou




4. DURTSH LTERIZE S E BB O S MEIE S
HREERRYNI—ODRRIZTRITT]




’
\’
4

¢
4

ROILDBR

g




4.1 JURCHLOEM

(1) HW

BEIC L DERBOSMIEE EBREZ Y P —2ORBICBE LT, HEOMEE. E
BHYECLAZHBBEE AN T A ZAYYavEBE LT, BEOHIR L SHBOYHHBHOD
EROAAMEERT 2 L yic, BRENE. 2PNV E U b HRE. BERENG
Oy, UHFTF—IBLER>—BROALE2NE L L THERBRER2TV. YKL HICE
T2 BAOEHKEXLZL2HNE T 5,

(2) ¥—v
FERRIC X 2 EBIBOS K R A Y P U — I DERICIET T
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Ministry of Construction, Public Works Research Institute
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One of the major impacts of roads on our natural environment is fragmentation of natural
habitats. We are conducting research to discover how to prevent the effects of
fragmentation, and to find ways that roads can contribute to the formation of regional
ecological networks.

The Public Works Research Institute of the Ministry of Construction conducts joint
research on this theme with the Road and Hydraulic Engineering Division of the Ministry
of Transport, Public Works, and Water Management of the Netherlands. As part of this
joint research, today we are holding this Netherlands-Japan Symposium. We hope that the
symposium contributes to the advance of research on this theme in the two countries and
deepens concern with this theme among road engineers, researchers, and members of
environmental NGO’s.

The year 2000 will mark the 400™ anniversary of relations between the Netherlands and
Japan. We hope that this symposium will contribute to the continuing advance of
international exchange activities between our two countries.

D x729%h $H&E5  AkiraKitagawa
Director, Environment Division, Public Works Research Institute, Ministry of Construction
1 Asahi, Tsukuba-shi, Ibaraki 305-0804 Japan
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Fax: 81-466-84-3805

E-mail: katsuno@brs.nihon-u.ac.jp
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I am honoured to serve as the coordinator at today's panel discussion.

Between the Netherlands and Japan, there is a long history of international exchanges in
the field of natural sciences for four centuries. The Netherlands has always taken a
leading role in European affairs with a broad international persipectives. 1 think Japan
also shares similar progressive spirit.

Today, the Netherlands is known for her progressive, ecological policies in land
conservation and regional planning. It should be very important and beneficial for both
countries that specialists get together today to exchange their experiences and opinions
over the future of Ecological Network, especially focused on the role of roads. I am
convinced that today we are witnessing an epoch of landscape planning in new century.

' DD 7217V Takehiko Katsuno
Professor, Laboratory of Landscape Architecture, College of Bioresource Sciences, Nihon University
1866 Kameino, Fujisawa-shi, Kanagawa 252-8510 Japan
H#Y v Ry 4,1999.11.12
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Introduction of the lecturers

1) Position

2) Field of specialization

3) Personal goals and objectives related to the Ecological
Network systems

4) Recent works and publications

Takehiko Katsuno

1) Professor, Laboratory of Landscape Architecture,
College of Bioresource Sciences, Nihon University

2) Landscape Planning

3) Since I studied in Germany in 1973 and ’74, green
network and open space planning, both in rural and
urban context, is an importént issue to me. Now it has
been more than 20 years since the ‘networking’ received
attention. In the mean while, development of biotopes
also became popular in different diciplines, in which I
am greatly interested,

4) Midori no toshi kakumei (Green urban revolution, book),

Ecological Design (book),

Shizen kankyo fukugen no gijutsu (Tecniques for nature
recovary, book),

Nousonn ni okeru shizen kankyo hozen (Nature
conservation in rural area, article),

Development of regional environment in West Germany
(article)

Paul Aukes

1) “National Reference Centre for Nature Management” in
Wageningen. The ministry of Agriculture, Nature
management and Fisheries.

Position: staff officer ecology in the department of Nature.

2) species conservation, nature management on farmland,
landscape ecology, ecohydrology.

3) I was member of the project group wich designed the
ecological mainstructure in the province of Guelders.

My current personal goals and objectives related to EMS
are to promote corrections to the borders in order to
include places where high biodiversity can be
reactivated.

4) I made surveys of nature areas and advised nature
management and nature policy; I organised 3 seminars
about nature conservation policy and nature
management for East and Central European experts; |
contributed to some European symposia about ecology
and conservation.

Keiji Nakajima
1) Assistant Manager, Planning Division, Nature
Conservation Bureau, Environmental Agency

B#Y R T4,1999.11.12
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2) Graduated from Landscape Architecture Department,
Kyoto University

3) The division is responsible for development of teh
national strategy for conservation of biological
diversity, and for implementation of the programs to
achieve the targets. I am responsible for the research

on measures to promote the strategy.
4

Hans Bekker

1) Ministry of Transport, Public Works and Water
Management, Directorate-General of Public Works and
Water Management, Road and Hydraulic Engineering
Division

Programme manager, Habitat Defragmentation and
Compensation

2) This division is an internal advisory unit of the
Directorate-General for Public Works and Water
Management. The mission of the programme is to
realise and implement the targets of the government’s
Second Transport Structure Plan with regard to habitat
fragmentation due to infrastructure. These targets are
partly based at the Main Ecological Structure.

3) Hans Bekker is a nature engineer specialised in
bridging the gap between civil engineers and ecologists,
and between policy and realisation of engineering
works.

4) In this work lectures, articles and PR-work is regularly
part of his work.

Hans de Vries

1) project manager environment

Ministry of Transport, Public Works and Water
Management, Directorate-General of Public Works and
Water Management, Road and Hydraulic Engineering
Division, Environmental Affairs Department

2) Ecological engineering in civil engineering projects,
especially infrastructure

3) I am involved in counteracting habitat fragmentation
due to to national roads.

Responsible for ecological research on effects of roads and
traffic on fauna.

Development of a Decision Support System for optimising
habitat and corridor functions of roadsides.

Responsible for overall communication activities.

4) Since 1990 I have worked on ecological roadside
maintenance, ‘green’ anti-noise barriers, impact studies,
mitigation measures etc.

Some recent publications:

J.G. de Vries. Hedgehogs on the road: from research to
practice. Lutra 42(1): 99-111. 1999.

Vries, ].G. de. La fragmentation des habitats: ies Pays-Bas
sur la voie des solutions. Actes du Colloques Congr
International “Routes et Faune Sauvage”, Strassbourg,
29 sept.-1 oct. 1998: 77-88.
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Huijser, M.P., P.J.M. Bergers & J.G. de Vries.
Hedgehog traffic victims: how to quantify effects on the
population level and the prospects for mitigation. In:
Evink, G.L. et al, eds. 1998. Proc. Int. Conf. on  Wildl.
Ecol. and Transp. FL-ER-69-98, Florida Department of
Transportation, Tallahassee, Florida: 171-181

Hirofumi Ohnishi

1) Head, Traffic Environment Division, Public Works
Research Institute, Ministry of Construction

2) Research on environmental conservation related to road
facilities and traffic.

3) Road projects have managed environmental
conservation in areas directly affected by the project.
From now on, however, the engineers should have
wider vision to look at local ecosystems.  Since natural
environment is apparently the base of the human
existence, ecological network that support the natural
environment can be considered as our valuable
infrastructure.

4) Gijutushi wo mezasite (Reference book for qualification
exam for consulting engineers - Construction
environment, book) 1995

Shizen tono kyousei wo mezasu michizukuri - Eco-road
handbook (Planning and construction of roads in
harmony with nature, book) 1995

Mitigation measures for road project in Japan,
Proceedings of International Forum for Major Works
and Sustainable Development, 1996.10

Seitaikei nettowa-ku no keikaku tejun ni kansuru ichi
kohsatsu (Study on the planning process on ecological
network, especially on road projects, article) 1998

Wim Geraedts

1) Senior co-worker, Unie van Provinciale Landschappen

2) Advisor of Provincial Landscapes for
renaturation-projects, mediator between Provincial
Landscape Organisations and subsidising authorities.
Representative for the Provincial Landscapes in many
national boards.

Specialised as a biologist in butterflies and moths,
reptilians, amphibians, vascular plants,
nature-restoration, eco-hydrology.

3) Among many other co-workers responsible for some
parts of the National Nature Policy Plan, Provincial
Nature Policy plan in the Province of Brabant and
Limburg, co-author of several regional nature plans,
co-worker of many detailed plans in the southern
Provinces Brabant and Limburg.

4) Preliminary atlas of Dutch butterflies, co-author in
national, provincial and many regional policy-plans.
Several articles on nature protection in general and
butterflies/moths (mostly in Dutch). Literature-list is
available.
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Hobun Ikeya

1) President, Ecosystem Conservation Society-Japan

President, Ecosystem Conservation Society - Saitama

Member of the Committee for Development of
Construction Technology, Ministry of Construciton

Member of the Central Board, Advice Center for Rural
Environment Support
Veterinarian

2) Natural ecosystem, environmental issues,
environmental protection, biological diversity, citizens’
movement, biotop, biotop at schools, etc.

3) The essence of resolving environmental issues is
protection and restoration of natural ecosystems while
using those resources in a sustainable manner.
Protection of natural ecosystems is not merely a
question of protecting certain wildlife species; it‘s about
protecting nature as a whole in all its diversity and with
all its local characteristics and moving away from
economic systems of large-scale production,
consumption and waste.

4) Served as an expert witness before the Committee on
Agriculture, Forestry and Fisheries, to comment on the
draft of the Basic Law on Food, Agriculture and Rural
Areas, July 1997.

Gijutushi wo mezasite (Reference book for qualification
exam for consulting engineers - Construction
environment, book) 1995

Kankyou wo mamoru saishinn chishiki (Latest knowledge
for environmental conservation - Biotop network, book)

Biotop network (Biotop network - New order of urban,
rural and natural area, book)

Nihon wo sukuu saigo no sentaku (Last choice to save
Japan, book)

Midori no toshi kakumei (Green urban revolution, book),

Biotop (Biotop - recoverly and development, book),
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1. Ecosystems in the Netherlands

The Netherlands has a wide variety of ecosystems. In the east and south there are hilly
areas rising to 300 m, which are renowned for their woodlands, brooks, heathlands, bogs
and inland sand dunes. Much of the original flora and fauna persists in nature reserves. The
heathland pools are of international importance as refuges for rare species.

Westwards, the countryside consists of polder areas, some of which are well below sea
level. Most polders are used for agriculture, with arable farming predominating on the clay
soils and dairy farming on the peaty soils. In winter many fields serve as staging areas for
migrant geese, ducks and swans. The wet graslands are important breeding areas for
meadow birds. Only a few peat areas have escaped cultivation and survive as marshes.
These wetlands are of international importance as sanctuaries of threatened bird species.

The hilly areas and polders of the Netherlands are intersected by the river systems of the
Rhine, Meuse and Scheldt. Although the rivers themselves are regulated by man on a large
scale, some characteristic features still remain, such as fragments of riparian woodlands,
many river dunes, some abandoned meanders and many floodplains.

In the west of the Netherlands, where land meets sea, there is a rich variety of coastal
ecosystems. The Dutch part of the North Sea is important as a breeding ground for fish
species, and for migrating and staging sea mammals and sea birds. The coastal zone is also
well known for its estuaries, shallow tidal waters and extensive dune system. These coastal
systems are of international importance and have been recognised as such in the EU habitat
Directive.

A rough estimate of the diversity of plant and animal species indicates that the Netherlands
has some 36,000 native species, of which at least 700 are largely confined to this region.
The Netherlands is of international importance to these species and Dutch nature
conservation policy is committed to maintaining and improving their diversity.

2. Nature under stress

With a population of 15 million, living in area of 40,000 km’ (about 400 inhabitants per
square kilometre) the Netherlands is one of the world’s most densely populated countries.
The large population has a high level of economic activity and therefore most of the land is
reserved for economic purposes: agriculture, urbanisation, industry, infrastructure.
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Nature areas, apart from forests and country estates, fell from 540,000 ha in 1920 to
120,600 ha in 1988. As a result the Netherlands is experiencing a steady decline in plant
and animal diversity. This decline is well recorded for a number of species. The situation
of the butterflies for example is critical. Since 1900 9 of the 72 species recorded have died
out.

Fragmentation of habitats, eutrophication, acidification and the effects of a nation-wide fall
in the hydraulic head pose severe threats to biodiversity in the Netherlands. Most plant and
animal species to international importance are restricted to a relatively large number of
small nature reserves. Many plant and animal populations who are isolated by
infrastructure, agriculture or urbanisation, show high mortality rates and are at great risk of
dying out.

Agriculture, industry and traffic produce large outputs of nitrogen. Hence, each year c. 40
kg. of nitrogen per ha is deposited on the soil and water. As a result, oligotrophic and
mesotrophic ecosystems like heathlands, bogs and fens are suffering from eutrophication.

The Netherlands also suffers from acid rain. The acidifying agents are largely transported
from abroad and have led to problems of acidification, particularly in weakly buffered
ecosystems like heathland pools and bogs. Many oligotrophic waters have become so acid
that no native fishes can survive.

Improved drainage in urban and agricultural areas and the abstraction of groundwater for

agricultural, industrial and domestic purposes have led to a serious fall in the soil water
table in many regions. Most of the Dutch wetlands are parched to some extent.
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The Ecological Network as part of the Dutch policy on nature conservation
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1. Dutch policy on nature conservation

The Dutch government has reacted to the growing concern about the deterioration of
the natural environment by developing its nature policy. In 1990 the Nature Policy Plan
was published. The main objective of the Dutch government’s policy on nature
conservation was stated as follows: “a sustainable conservation, rehabilitation and
development of nature and landscape”. The criteria for assessing ecological targets
concentrate on ‘biological diversity’ and ‘naturalness’. The Nature Policy Plan focuses on
the establishment of a ‘National Ecological Network’, a coherent network of existing and

still-to-be-developed nature areas. The government aims to have this network in place by
2020.

All the current nature conservation areas form the ‘core areas’ of the Ecological
Network. To these are added a large number of ‘nature development areas’: agricultural
areas that have been designated to be developed into nature reserves, aided by ecological
engineering and management. ‘Ecological corridors’ are to be constructed in order to
relieve the isolation of species in fragmented habitats.

Table 1. Area designated for nature conservation by 2020
2020 £iC 1 32 BRBEBER LXK BIEEIR

Woodland reserves 70,000 ha
multifunctional forests 200,000 ha
nature reserves 185,000 ha
nature development areas 50,000 ha
nature management areas 170,000 ha
country estates 25,000 ha
total 700,000 ha

The Nature Policy Plan is ambitious. It stipulates that within a period of 20-30 years
the protected land within the Ecological Network must be increased from 450,000 ha to
700,000 ha (this includes woodlands and country estates), and that favourable conditions
must be created to ensure the sustainable development of animal and plant populations. To
achieve these aims, considerable effort is being put into nature management, i.e. in
controlling the adverse effects of pollution and the decline of the hydraulic head and in
creating safe passages to enable animals to cross roads, canals and railways.

The Nature Policy Plan is international in scope. The National Ecological Network
includes areas that are of international importance: tidal areas, coastal and inland sand
dunes, oligotrophic fresh water habits, heathlands and bogs. Most of these are also
mentioned in the EU Habitat Directive.
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Sustainable development of ecosystems can only be achieved by paying due attention
to ecological relations at an international scale. This international perspective is crucial, for
example for safeguarding the flyway of Western Palearctic bird species. The Dutch
government therefore also supports nature conservation abroad.

Three levels of cooperation can be distinguished:

e Cooperation with neighbouring countries. This includes the management of
international’ ecosystems like the rivers Rhine, Meuse and Scheldt and marine
ecosystems like the North Sea and Wadden Sea.

® Activities to safeguard the international flyway conditions of migrating birds. This
includes cooperation with Northern and Eastern European countries, Sahelian and
West African countries where the breeding and wintering areas are to be found.

e Participation in European and global action plans for endangered ecosystems and
species, such as wetlands, tropical forests, seas and coastal zones, and the Antarctic
The Netherlands is located at the heart of the Western Palearctic flyway of migrating
birds. This flyway extends from the Arctic to Western and tropical Africa. Dutch wetlands,
like the Wadden Sea, the Delta Region, the coastal waters, the rivers and the inland
marshes offer opportunities for ‘refuelling’, ‘staging’ and ‘moulting’. The statistics in table
2 illustrate the international importance of the Netherlands. Measures to protect these
species can only be effective if the complete chain of habitats is considered. This is why
the Dutch government initiates and supports international cooperation in research,
protection and management with the countries concerned. Examples are West Africa where
much research is being carried out in the Banque d’Arguin Mauritania, and the Russian
Arctic, where research is being carried out and a nature reserve has been established

recently in the Taimyr peninsula.

Table 2 Wintering swans, geese and ducks in the Netherlands
IS ATHESBNIFaVE. HHEE

maximum % of

wintering world

population | population
bewick’s swan Cygnus beweckii 7,200 42
pink-footed goose Anser Brachyrhynchos 17,500 70
white-fronted goose Anser albifrons 303,000 76
grey-lag goose Anser anser 52,600 44
barnacle goose Branta leucopsis 65,000 93
brent goose Branta bernicla 68,000 40
wigeon Anas penelope 225,000 30
scaup Aythya marifa 150,000 48
smew Mergus albellus 5,700 38
bar-tailed godwit Limosa lapponica 28,000 25
black tern Chlidonias niger 85,000 28

2. Towards the National Ecological Network

2.1 Clear objectives

The document ‘Ecosystems in The Netherlands’ elaborates on the broad objectives of
the National Ecologic Network outlined in the Nature Policy Plan. For each target nature
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type it describes the area required in the Netherlands and the interrelations with land use. It
also sets priorities on management strategies. Three headlines should be followed:
1. Give way to naturalness,

Target nature types in the categories ‘natural’ and ’controlled’ must increase in range
2. Extra support for rare target nature types

Some target nature types in the category ‘semi-natural’ are of special importance with
regard to biological diversity. As the areas with favourable conditions are scarce, a great
effort must be made to enlarge the range of these types.
3. Improve, enlarge and interconnect nature conservation areas

The state of the nature conservation areas in the Ecological Network must be
improved. '

Planning and management must fulfil the requirements of target nature types with
respect to size, environmental conditions and structure of the surrounding landscape.

Table 3 Planned ecosystems
GeRs 4 72 L OBEIIR

Natural ecosystems

Free-drained riverine landscape 9,500 ha

Controlled ecosystems

Riverine forests in diverse environment 3,300 ha

Semi-natural ecosystems

Wet, nutrient-poor grasland 1,400 ha

River dunes and mudflats 500 ha

Forest communities on sandy and clay soils | 3,400 ha

Total 18,100 ha
2.2 Regional planning

The objectives of the various target nature types provide the basis for procedures of
regional planning. Project groups comprising representatives of the national and regional
governments and other involved parties delimit the various functions of land use. The
nature conservation function is indicated by means of target nature types. Once this
partitioning has been approved by the regional government, it has an accorded formal
status. The ‘1975 Policy Document on Agriculture and Nature Conservation’ states that
any private areas formally as nature reserve will be acquired by the national government if
put up for sale. This leaves landowners free to decide whether or not to sell.

2.3 Acquisition and reconstruction

Most nature reserves are acquired through projects of land management. Once a
project gets under way land is acquired by the government. Area designated for nature
conservation must be freed from remnants of agriculture, such as accumulated nutrients,
toxic soil, and drainage systems, and transferred to the nature managing authority.

2.4Management

Most nature reserves in the Netherlands are owned by the State Forest Service and by
private nature conservation organisations, which are subsidised by the government. These
owners have a responsibility to ensure that the objectives with respect to target nature types
are met. A large area of the Ecological Network will be managed by private owners,
mostly farmers. A system of subsidies has been developed for this purpose.
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2.5 Legal protection

Once an area has been brought under the ‘Nature Conservation Act’ it is also subject
to statutory regulations, and any violations of the regulations can be punished. The Act
applies to 243,000 ha.

2.6 Evaluation

A nation-wide monitoring is being set up to make it possible to find out whether the
objectives of the Dutch government’s nature conservation have been achieved. The
network is maintained by the National Reference Centre for Nature Management and relies
on amateur and professional observers from managing authorities, governments and non-
governmental organisations working together to collect the necessary information. Every
four year the condition of nature is evaluated in a ‘State of Nature’ report.

2.7 Education

Many nature reserves also have an important function for recreation and education. A
number have been designated as national parks. This designation opens the way to
improving their educational and recreational functions and their surveillance.

3. Towards an environmental policy for nature

A good quality environment is crucial for the sustainable development of nature
conservation areas and wildlife. The strategy is described in the document ‘Environmental
Policy for Nature’. To find out what quality is required, a system of quality limits is being
set up in relation to the target nature species. They serve as a starting point for
environmental policy and management. There is ample Dutch legislation on the quality of
water and environment and various policy tools have been developed for the restoration of
ecosystems. These include the ‘1993 Survival Plan for Forest and Nature Reserves’ and the
‘1995 Anti-parching plan’.

4. Towards an international ecological network

The Convention on Biological Diversity, stressing the need for the conservation and
sustainable use of ecosystems, is considered by the Dutch government as a very important
basis for the elaboration of policy objectives in the national and international context. The
Netherlands is committed to continue to give full support to international co-operation in
nature conservation, including the unification of policy concepts, the exchange of
information and field-projects.

The Netherlands is also contributing to the implementation of international
agreements such as the EU Habitat Directive, the Ramsar Convention on Wetlands, the
Bonn Convention on Migratory Species, the Bern Convention on the Conservation of
European Nature, The African-Asian Agreement on Migratory Water birds, CITES, the
Antarctic Treaty and the protection of whales.

In the Netherlands, wetlands play a crucial role in nature conservation. A large
number of nature reserves have been placed under the protection of the Ramsar
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Convention and much attention is given to international protection of the Wadden Sea, the
North Sea, the coastal zones and the rivers Rhine, Meuse and Scheldt.

The concept of the Ecological Network - including target nature types and target
species - not only meets the demands of plants, animals and ecosystems, but is also
fostering communication on nature conservation, management and research between all
parties concerned. Similar networks have been established in other European countries.
The Pan-European Conference organised by the Netherlands and Hungary in Maastricht in
November 1993, stressed the need for such a unifying concept in international nature
conservation and agreed to establish a Pan-European Ecological Network (PEEN), as a
vital element of a Pan-European Biological and Landscape Diversity Strategy. This
Strategy was adopted at the Ministerial Conference “Environment for Europe” in 1995 in
Sofia Bulgaria. The Netherlands government attaches high priority to the implementation
of this Strategy, including its Action Plan.

5. Description of the National Ecological Network

The network consists of core areas, nature development areas and ecological
corridors.

5.1 Core areas

Large areas (>500 ha), whose existing ecological value is of national or international
significance,have been incorporated into the ecological network as core areas. Also large
lakes, as well as the Dutch territorial waters of the North Sea are incorporated.

In some cases the biotopes of certain species, that are characteristic for the
Netherlands and are of major international significance, have also been designated as core
areas.

When selecting the core areas the functions currently allocated to them were taken
into account. The core areas include regions, which have, besides the function for nature, a
function for agriculture, forestry or fisheries. Also included are some water catchment
regions, recreational regions, sea defence regions, military exercise areas and waters
designated for navigation. Under certain preconditions, these functions can be combined
with the existence of high ecological values. Industrial regions, harbours, urban regions
and regions designed for residential development have not been designated as core areas.

In farming areas the provisional core areas cover twice the area that will finally be
delimited. This is to create flexibility for ecological and management considerations when
drawing up concrete management plans.

5.2 Nature development areas

Nature development is considered as a very important instrument for the realisation of
the network.

Those areas that offer realistic prospects for the development of nature of national or
international importance, were incorporated in the ecological network as “nature
development areas” . They include areas suitable for the development of nutrient-poor
(wet) grassland, marshland and marshy woodland, not only in the low-lying regions of the
Netherlands, but also in wet parts of the other (sandy) regions. Allowing these ecosystems
to develop will bring the concept of an interconnected network of (wet) areas of high
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ecological value within reach. In some cases dry parts, with a potential for nature
development, were also included.

The provisional nature development areas are three times as large as the area specified
in the policy on nature development. As in the case of the core areas, this is to have some
flexibility in the final delimitation of the nature development areas. ’

5.3 Ecological corridors

Ecological corridors are composed of landscape structures and artificial provisions
that contribute to migration between core areas. The corridors are meant to diminish
isolation of species that migrate considerable distances over land or via water like otter,
badger, red deer and certain species of fish (sea trout, river trout, salmon). For these
species ecological corridors can be accurately designated, because their present and
historical distribution is known as well as their requirements of connecting routes and
stepping-stones. The corridors will benefit not only the species mentioned, but also other
species living in the core areas.

In practice the ecological corridors are, or will be composed of hedgerows, dikes,
banks of waterways and roads, etc. Barriers on the route will be removed or bridged, for
instance by creating new hedgerows and tunnels for badgers, cerviducts for deer, reedbeds
along waterways for otter and fish-steps for the fish species.

5.4Bufferzones

It was foreseen that bufferzones had to be added to the map in order to protect the
network against desiccation and the inflow of polluted (ground) water. However, in 1989
there were too many uncertainties with regard to the exact delineation of such zones and
with regard to the consequences for agricultural land use in buffer zones. It has to be
further investigated. The policy is to indicate the bufferzones on more detailed maps (scale
1/50,000), when deciding upon the specific aims for a given area.

6. Actual state of realising the ecological network

* The area of nature reserves has increased considerably.

* After 10 years 70% of the ecological network is delimited in detail by the provincial
governments. That means a considerable support of the national strategy and a point of
concern to accomplish the remaining 30% .

* A number of nature development areas have been created
A number of nature development areas have been created.

* The choice of the nature target types by the landowners in the area of the ecological
network is tremendously accelerated but the realisation of delimited nature still is
lagging behind.

* The allocation of nature monuments protected under the Nature Conservation Act is
late and partly out of sight.

e Nature management has improved, but there is a need of knowledge in relation to save
endangered species.

* Hinder of pollution and demands from safety and economy are not falling.

Until now the government does not use the means of expropriating, which is cheap but
takes more time, at least in the beginning, and seems to be better for understanding and
support by landowners. ’




The Ecological Network as part of the Dutch policy on nature conservation

e The policy plan was made by a centralised government. The plan is now being carried
out in a period of decentralised governing. Tasks are delegated to the provincial level.
That means different targets. Realisation of the planned nature development areas
appear to be difficult. On the one hand this enchances the support, on the other hand
the quality of the plan will be different. Up to now we accept it as the actual obtainable
best result.
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. 2 EMZHEMFLOLOOELIRS (BHE)
Figure 2. Zoning of National Land for Conservation of Biological Diversity (tentative)
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The Work of the Environment Agency in Conserving Biological Diversity
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Tokyo 100-8975 Japan

Fax: 81-03-3591-3228
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Abstract: National Strategy of Japan on Biological Diversity was established in 1995, in
accord with ratification of the Convention on Biological Diversity. Work proceeds on
achieving national long term goals by the mid-21* Century. In planning for nationwide
applications, the Environment Agency is gathering “Crucial Regional Data for Zoning and
Identifying Core Areas for Preservation of Biological diversity” and compiling a “Green
Corridor Plan” to provide a framework for a national ecological network.

1. Introduction

Our nation has focused its attempts on nature protection by designating various
conservation areas based on various laws and ordinances. Examples include the Nature
Conservation Areas under the Nature Conservation Law, nature parks (national and quasi-
national parks) under the Natural Parks Law, and Preserves for Birds and Mammals under
the Law for the Hunting Preserves for Birds and Mammals.

The legislative system in the past, which handled such arenas as maintaining quality of life
and conserving the natural environment separately, had its limitations in supporting
effective environmental protection measures. With the demand for a new legislative
system, the Basic Environment Law, describing the basic ideas and framework of
environmental policies, was established in 1993. Based on the Basic Environment law,
the Basic Environment Plan was adopted by the Cabinet.

The Basic Environment Plan sets the following four long-term objectives: “sound material
cycle”, “harmonious coexistence”, “participation” and “international activities”.
“Harmonious coexistence” aims to conserve and restore healthy ecosystems, at the same
time to achieve harmonious coexistence of Nature and Man. To achieve the objective,
wise use of the environment, such as conservation and management, restoration of nature,
and proper management and protection of wildlife. ~Systematic conservation requires that
we give full consideration to the unique characteristics of each type of land area:
mountains, rural areas with secondary forests, plains and coastal zones.

Also, the New Comprehensive National Plan (adopted by the Cabinet in March, 1998)
emphasizes “the importance of environmental conservation and restoration with emphasis
on biological diversity, and the importance of restructuring the relationship between nature
and human activities”. A primary focus is establishment of a “national ecological
network”.

2. The National Strategy on Biological Diversity

By proposing desirable state of biological diversity in Japan, the National Strategy on
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Biological Diversity was devised as the basic policy and the guide for public programs for
conservation of biological diversity and sustainable use of nature.
The National Strategy was drafted by the Inter-Ministry Coordinating Committee, and
adopted by the Council of Ministers for Global Environment Conservation on October
1995.
The long-term goals set for attainment by the mid-21* Century are:
e Conservation of diverse ecosystems, flora and fauna, and sustainable use of them
must be ensured in Japan as a whole and within each bio-geographical regions.
e The same must be ensured at prefectural and municipal levels, taking into account the
natural and socio-economic conditions of each prefecture and municipality.
e Relatively large, unfragmented areas must be properly managed as preserves or other
specially designated areas, and effective corridors must be provided between the areas.

The immediate policy objectives in achieving the above long-term goals are:
¢ No plants and animals must be threatened with extinction.
e Areas critical to conservation of biological diversity must be properly conserved.
e The use of components of biological diversity (living organisms and their habitats)
must be in a sustainable manner.

3. Biological Diversity Conservation Measures at a National Level

To achieve the long-term goal “conservation of biological diversity and diversity of
ecosystems must be ensured within each biological regions”, the Environment Agency
devised a plan in September 1997 that promotes biological diversity measures at a national
level. The plan is the “Zoning and Information Gathering on Areas Crucial to
Conservation of Biological Diversity”.
The plan is intended to define a biological zone as a basic unit of biological diversity.
The understanding will be helpful to set objectives and management policies for
conservation.
Defining the crucial areas requires (a) data on the geological background of the Japanese
Archipelago, and (b) climatic data that significantly affect on vegetation. Using the
following data, the national land surface was devided into 10 districts. (Fig. 1, Fig.2 (see
page 26))
a. Extensive landed areas, smaller islands
b. The Watase’s line, the Blakiston’s line
c. temperature (warmth index)
d. annual precipitation
Within the 10 zones, ecosystems are chosen as the cores in the zone by their
representativeness, typicalness, size and richness of the structure. Plant communities
became a primary criteria.
A. Biologically Characteristic Ecosystems in Each Zone
1. The area with relatively large plant communities reflecting the climatic features of the
Zone. :
2. The area with relatively large area where indigenous characteristic fauna can survive.
B. Important Ecosystem Characterized by the Different Environmental Factors
within the Zone
The area with relatively large plant communities develop reflecting the following
environmental factors.
1. altitude, climatic conditions
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2. topography (characteristic landforms)

. water (lakes, wetlands, and rivers)

4. geology, soil conditions (characteristics of parent rocks, physiochemical
characteristics and thickness of soil )
5. combined factors (combination of several environmental factors)

C. Notable Secondary Vegetations Managed by Traditional Uses of Land
Characteristic biological communities have been identified that reflect the influence of
continuous human intervention for long years. Secondary forests (Red Pine forest,
Oak forest), secondary grass lands, paddy lands, and irrigation ponds are examples of
secondary nature.

(98]

Important areas in each zone were selected based on questionnaires answered by
researchers throughout the country.

To make the information on candidate crucial areas more precise, processes are underway
to collect and integrate information and to define borders.

Since information on selected important areas is valuable and useful, we must consider its
use as basic data at every project level from planning of development project to
environmental assessment.
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Dé:srtftl:rtll;lg —| Coastal Line,the (warmth ?Irrl::: lllalsgcr:slgéti%gg
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_,| ®North Central Honshu Pacific
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Honshu Warmth index =85
—| ®Hokuriku, Sanin District |
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- region create a unique climate,
A'rlgg?n;? o Kyushu |—| Shikoku thus this area is segregated as an
pelag . Southwest independent district.
Al;naml & Kyushu Honshu _,| @Setonaikai (Inland Sea) Coastal
yukyu — ) District
Islands Shikoku
Kyushu |- ® Central Honshu Pacific Coast
District
Flora Distribution
- (®K:ii Peninsula, Shikoku, Kyushu
district
Watase’s Line
—| ®Amami & Ryukyu Islands District ]
—'l ({00gasawara Islands District (oceanic climate) J

Figure 1. Methods for Zoning of National Land (tentative)
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4. Green Corridor Plan at Fuji-Hakone-Tanzawa area
4.1 Background and Objectives

A National Strategy on Biological Diversity was adopted by the Cabinet in October 1995.
One long-term goal of the Strategy is that “conservation and sustainable use of biological
diversity must be ensured at prefectural and municipal levels, taking into account the
natural and socio-economic conditions of each prefecture and municipality”.

Kanagawa, Yamanashi and Shizuoka prefectures were selected as model areas;
mountaineous Fuji, Hakone and Tanzawa area being the common center. The objective
of this plan is to identify the basic design of the Green Corridor that contribute to the
conservation of biological diversity at community level by promoting proper land
utilization. The Environment Agency, Forestry Agency, Ministry of Construction, and
Kanagawa, Yamanashi and Shizuoka prefectures collaborated to devise the plan.

The Fuji-Hakone-Tanzawa study area was selected to serve as a model for other areas.
However, it is necessary to win consensus of the local people to implement the plan in the
future.

4.2 Main Contents and Procedures
The main contents and procedures of this plan are shown in Fig. 3. Study area was

defined based on rivers and coastlines, taking into account the topographical uniformity
which has strong connection with wildlife habitats. (Fig.4(see page 29))

Examination of Basic Concepts of Green Corridar
(Establishment of Target Area, Concept Refinement)

v

Survey on Target Area
(MNatural and Social Environment)

v

Examination of Basic Design of Green Carridor Network
which is Based an Habitat Unit - Carridor System

lStudyofI)'vidingFamsofWildlifeI—bbitmsl

l Selection of Habitats which Function as Cores of Green Carridar Network I

I Select Significant Areas for Green Corridar [

v

Examination of Corridar Conservation Measures in Case Study

* Roles of three national parties * BExamples in Green Corridor Project
(i.e. natural parks)
Farestry Agency: Farest/Farestry Promotion of Proper Farest Management
(in terms of wildlife habitat conservation)
Ministry of Construction: Infrastructure Management Improvement in Road and
River projects (i.e., eco road)
)
| Smrm‘aryoquii-Hahme—TamawaAteaGemmCaﬁdrPlan(temaﬁve) l
)

l Reﬁ:manofl\hlndlbedfor]xvisingﬁm]

Figure 3. Flowchart of Fuji-Hakone-Tanzawa area Green Corridor Plan
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4.3 Basic Concepts of Green Corridor

A corridor is a zonal structure, with preferable environment for wildlife, which function as
a hallway between major habitats (cores).
The function and significance of corridors can be understood at three different levels.

1. Individual level: secure animal trails _

2. Population level: sustain viable populations by preserving genetic diversity

3. Community level: sustain communities by networks between species
Corridors for forest animals can be in two different types:

1. Relatively large forest belts in forested area

2. Relatively small riverine forest
Where roads divide forest belts or large habitats, it is important to secure safe passage of
wildlife. Such measures are also considered indispensable components of the Corridor.

4.4 Forest Environment as Corridors and Cores
1) Forest Environment as Corridor

Structures of forest that would enhance the corridor function are:

a) Mesh Structure of Protected Forest Belts

P rotected forest belts that are planned in planting or cutting projects creates a mesh
structure within a forest. The structure is beneficial for wildlife habitats and animal trails.
b) Mosaic Structure of Forest

Generally, a mix of various types of forests provides food and shelters for different animals
compared to an uniform forests.

2) Forest Environment as Cores

a) Size

The cores must be large enough to function well as a habitat and breeding area.

b) Continuity

A natural forest should be continuous to allow free passage of wildlife. Where the width
of natural forest become narrow, the bottleneck may serve as an important corridor.

4.5 Basic Design of Green Corridor at Target Area
i) Basic Concepts

The Green Corridor Plan may be developed in various geographic scales based on the
target species, types of ecosystems or the planning/implementation phase. Table 1
compares the geographical scales used in Canadian project (Ironside, 1991. Wilken, 1981,

1986) and our Green Corridor Plan. The project level, the scale of related plans and the
representative mammals in the target area are also indicated in Table 1.

2) Selection of Indicator Species

Species used as indicators in evaluating the forest environment were tentatively called the
“First Indicator Species”. The species used for selection of core areas and corridors were
tentatively called the “Second Indicator Species”.

The First Indicator Species are the following six spesies that were selected among the
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species that meet following categories: species relatively easily to determine its
distribution, large mammals, species easily influenced by fragmentation of forest.
a) Selenarctos thibetanus, Capri coris
Those require relatively large area of natural forest to maintain the minimum viable
population (MVP). ‘
b) Cervus nippon, Macaca fuscata

Those live in groups.

two indicator species.
¢) Sciurus lis, Petaurista leucogenys
Those have smaller territories and require smaller area to sustain the MVPs.
Fragmentation of forests, however, easily leads isolation of populations.

The MVPs are considered to require smaller area than the previous

Selenarctos thibetanus was chosen for the second indicator species, considering its
suitability for umbrella species, and the high possibility of regional extinction.

Table 1. Ecological Land Classification System in Canada

(Ironside, 1991.

Wilken, 1980, 1986)

. Levels of Related Projects in
Class Scale Project Level Green Corridor Plan
Ecozone 1/20,000,000~ Subcontinental
1/15,000,000 ilInternational
National
Provincial
Ecoprovince {1/10,000,000 iInternatinal
~1/5,000,000 iNational
Provincial
Ecoregion :1/3,000,000~ iSubprovincial ;Zoning for conservation of
1/1,000,000 :iRegional biological diversity (tentative)
Ecodistrict {1/500,000~ iSubregional Fuji-Hakone-Tanzawa study Bear
1/125,000 area Serow
Ecosection i1/250,000~ iCommunity Habitat unit
1/50,000
Ecosite 1/50,000~ Detaild Case study area
1/10,000
Ecoelement :1/10,000~ Site-specific
1/2,500

Deer
Monkey

Giant flying
squirrel

3) Establishment of Habitat Unit

*The habitat size of main mammals

Habitat units were demarcated based on the following view points.
1. Land use types and their distribution that may fragment the habitats of the First

Indicator Species were identified. (urban area/farmland, road/railroad)

2. A massif and its surroundings were demarcated as one unit, because wildlife, such as
Selenarctos thibetanus require a large ranging area.
a) Major Man-Made Separation Factors of First Indicator Species

The followings are thought to be the primary man-made separation factors.

1. Some forms of land utilization where human activities prevent the First Indicator

Species from crossing or approaching the area.

from physically traversing the area.
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2. Over-hunting
3. Semi-natural environment created by human intervention which the First Indicator
Species do not prefer.
b) Recognition of Habitat Units in the Study area
In the Study area, railroads and urban areas are situated along the national roads. Also
each area or unit separated by national roads contained massif of a certain size. Therefore,
national roads were the lines used to define habitat units.

4) Habitat Unit - Corridor System
In this plan, Green Corridor system model (habitat unit — corridor system) was devised
(Fig. S5(see page 33)). The system is composed of indicator species, habitat units,

cores/sub-cores (Table 2), and main/branch galleries (Table 3).

Table 2. Classification of Forest in Habitat Unit — Corridor System

Classification Characteristic Dominant Vegetation Populations within
Core area with relatively clustered :Natural forest, medium and small mammals (fox,
natural forest secondary forest squirrel) to large mammals (bear, serow)

area surrounding by urban
Sub Core :lands and farmlands, isolated;Secondary forest
in island or peninsula shape

medium and small mammals (excluding
large mammals)

medium and small mammals

. . (secondary forest surrounding a core and
Forests area surrounding a core with

. Planted forest, mosaic forest composed of planted and
surrounding aiplanted and/or secondary ;
secondary forest secondary forest comprise a
core forest e .
indispensable part of habitat of large
mammals.

Table 3. Corridor Level in Habitat Unit — Corridor System

Corridor Level Objective Connecting AreasiComponents of Corridor
Establish networks between relatively clustered
Main Corridor :natural forests or cores. core>core  iForest zone as a wildlife
Protect large mammals such as bears. habitat and animal
_ trails.
Establish netyvorks between natural forests Structures which help
Branch Corridor (Cores) and .1solated secondary forests (sub-core). coresub-core iwild animals to cross
Protect medium and small mammals such as roads.

foxes and raccoon dogs.

S) Distribution of First Indicator Species and Environment in Each Habitat Unit
Based on the results of questionnaire carried out as a part of this survey, the distribution of
the First Indicator Species was analyzed. Also, vegetation maps were drawn utilizing a
Geografic Information System. Twelve vegetation types were recognized based on the
suitability as habitats.

4.6 Establishment of Core and Sub-Core

Areas were designated as “core areas “ where large natural forest still remains. Core
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areas are expected to function as species source in the Green Corridor Network.  Areas of
secondary forests isolated each other or from core areas by built-up areas and agriculture
areas were designated as “sub-cores”.

Vegetation map of the study area was simplified and vegetation types were In order to
grasp the arrangement of core and sub-core, actual vegetation 5-type classification map
was drawn based on the intensive legend of actual vegetation type. Extension buffer
process (200m wide) was done for the surrounding forests of a core with polygon data.
The outcome of relatively concentrated polygon was established as a core. Polygon
arranged in island or peninsula shape with surrounding forest (secondary oak forest) was
established as “sub-core”.

4.7 Selecting Candidate Corridors
1) Selection of Study Site

Looking at the borders of habitat unit, potential crossing sites were selected where animal
movement between the unit is likely, based on the following two categories.

1. Urban areas at the borders were excluded.

2. Agriculture areas at the borders wider than 1km were excluded.
In next step, the map of cores and sub-cores were overlayed with this potential crossing
sites. Study corridors were selected based on the potential of animal movement betoween
the cores/sub-cores and the potential crossing sites.

2) Selecting Candidate Corridors

The map of study corridors and the map of cores and sub-cores are overlayed. Study
corridors that falls in the following categories were selected as candidate corridor areas.
(Fig. 4).

1. The area that cross over the borders of habitat units.

2. The area that includes as many patch of natural and secondary forests.

4.8 Examination of Corridor Conservation Policy -- Case Study

Six areas were selected within the whole study area, based on vegetation, wildlife
distribution, road, river and its present corridor function. The conditions of wildlife
distribution, protected area designation, forest ownership, roads and rivers were examined
closely for the case study. Present conditions were summarized, and a draft plan for
conservation and development of corridors was developed for each case study area. Due
to the limited space, the details are omitted here.

4.9 Conclusion of Fuji-Hakone-Tanzawa Area Corridor Plan (tentative)
1) The Necessary Consideration in Future Land Use
Following two policies must be considered.
1. Further fragmentation of core/sub-core area (natural and secondary forests) should be

avoided.
2. Corridor function of the candidate area should not be affected by developments.
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2) Policy of Public Works for Improvement of Corridor Function

a) Natural Park Project
The following measures can be developed; to secure forested areas as public property, to
plant local broad-leaved trees, and to rehabilitate vegetaion. Also, corridor function need
to be made stronger through conservation and forestation of broad-leaved trees, while
making the best use of such forest as a place for communing with nature.
b) Forest Management
To improve wildlife habitats, the following measures need to be implemented.
1. proper management, operation and thinning
2. promotion of multiple-layered, old-growth forest
3. promotion of naturally generated forest
4. placement of buffer forest belt along waterways and ridges
¢) Infrastructure Development
1. Road projects
Road structures must allow safe crossings of wildlife. Existing roads need to be
reviewed for renovation to accomodate tunnels, bridges, and wildlife overbridges.
2. River projects
To let animals to cross the water, retaining walls need to be ecologically designed, and
riverine forest and other natural vegetation along the water must be conserved. To
secure the movements along the river, cross-river structures must adopt spaces for
animal movement, as well as the riverine vegetations must be conseved or developed.

3) Future Tasks

a) Development of Projects for Improvement of Corridor Function

Inter-ministry and inter-municipal coordination should be established. Model cases can
be used to study specific measures.

b) Forming Local Consensus

Recently damage from wildlife on agriculture and forestry became a social issue. It is
essential for all the interested parties understand the value of the Ecological Networks.
Wildlife management including compensation need to be developed in the future.

¢) Detailed Survey on Wildlife

Distribution of wildlife and their trails should be surveyed extensively to determine the
type and size of conservation measures.  Also, monitoring surveys are necessary.

REFERENCES

The Environment Agency, (1995) The Basic Environment Plan, 169pp, Printing Bureau,
Ministry of Finance

The Environment Agency, (1995) The National Strategy on Biological Diversity —
coexisting with many forms of life, 201pp, Printing Bureau, Ministry of Finance

The Environment Agency, (1998) White Paper on the Environment in 1998 (full text),
519pp, Printing Bureau, Ministry of Finance

The Environment Agency, (1999) General Survey on Rehabilitation of Nature and
Greenbelt in the Metropolitan Area (Green Corridor Plan in Fuji-Hakone-Tanzawa area),

— 113 —




K.Nakajima

167pp.

Ironside, G. R. (1991) Ecological land survey; Background and general approach, in
guidelines for the Integration of Wildlife and Habitat Evaluation with Ecological Land
Survey, (eds H. A. Stelfox, G. R. Ironside and J. Kansas), pp3~9,

The Wildlife Working Group, Canada Committee on Ecological Land Classification and
Wildlife Habitat Canada, Ottawa, Canada. 107pp.

— 114 —




T ERIEODHI & ZO/EH !
127702 BRIEDMADIROBIE. AR, RUEHNLFE
Habitat fragmentation and habitat defragmentation; developments, results and
processes of counteracting habitat fragmentation due to infrastructure

A R R
- AFREESE - KA
18 BRI BB AR F0 R
PO Box 5044, NL-2600 GA Delft,
The Netherlands
Fax: 31-152-518555
E-mail: g.j.bekker
@dww.rws.minvenw.nl

BE:

FIyVRIEFEETAOPSALTBY, SEL2THAAMTbIR, BT bW FEZ 2K
R H b, 2D, EREERAY VT—2 0T FAr—7%2 M0 DET5IE-
726

EA VT TICLAERREOSHNE., BRI LD LT AAENLMEZRT S5,
IO LW EAICHEE LTEREBEINTETBY., A Lo AR EEIC
BWTERILLTETWE, &6, HBARBREODERFFEO—DOTHELEERAY MY
—VDBEDN, AT ITIEEEBREOGWIILEIET A0 ERICBAIATETW
%o

ZITid, INFETIZEFIL LB oEER., 2357 ., FOMOBHROBMEICD
WTilER5, 29 Lchigkid. HAEBY L HHEEGZZORNFOLEEM ED/DIZEER
FETH D,

SRLBFIEOREER, BELTEASL L, FHEREIITAIEMRN., EVOFERHITEZLEE L
TWAIZEDNDLY»b, FERLEFILOBRRETIZ, BERAKHE - BE0BE. BhH. BLU. B
EEBILERIITELS LD REEAATUKRTH S,

1.1 U ®IC

BARBELS Y FRATr—T7O0WIE, BEMRFTREE TV LEYEMEOBETOEER
BEHRD—D2THb, BFEAYWOLEBIRED, B, ML, BLUSGEICL hHTIHIZR -
TWbEDTHb, T V5T, KA v 7 5OBMBIFMOELERT, HBLEMT S
728, 1980 LS, A LRI RONTE 72,

ZITWY) [l Lid. AERRCEEYEAEOLBREY. SV /ABEETIGL LK
BIOVRLZ 2wy, S iRED L, UFHOERBERBOEEIKD T 5 & FEEIZ,
BT HEBRBEOEMIKE 22, BRELT, BRELIMEELZEECETE 2T
ONBHREREBEEKIE. L0225 %s, BEREI PR VERERRIT. BANLRERR,
EREZXRPHBEZEA,SOBEICL > T, BRTLITEENEV, OEERE»SOF
BAZ, MEOHEE CORMRLHIHEET AREFNEY LB EICOATRETHS, WTh
IZLTH, Shid., ROERMMENKRT 25 & 2§,

EREBEFIT, BREBEEIOLT, UTIORRS 4 F8EHOEE % B IT4 (Bekker, 1998), 7,
ERRBOPIETH L, HATMBBLEOTWHALETA 77V MO TFTICHEBT S, —FH
DFET, B L A ERBELICTAEEN - ERNEET, IS PEWEER IV
HNELRHTEEYS 25, BEICIHIEZERC, MAOHTWIZL By VRIREFHE LTH
FTonb, ZFBIX, Wbhbwa ) TERIET, EERBEO—EHIFD I N, BEEEAN. b
VIR OZRSBLTAHIETH D, TEI, OREHIEIZL Y, BIYIRTET 5,

— 115 —




Hans Bekker

2. READOMIG
2,147 SHEDHE

FIUIHEDA Y T7ITA NI Fr—CETAEEBEZEE., (42 K3%E - EwiEEaT
B (the Second Transport Structure Plan (V&W, 1990)) J IZ/RENT W5, LETEEFICILE SN
EBEEE., TEHLEREICEEOONTEBY,, ERIGERFEFERTABEIIE, 2D
VEEFEMWCEHT LI ESROON TS, 29 L-stE EOFHE X ICMA, BHEE
i (the Routing Act) & BRIBFEFFEMEICE O —EOFH 213, EHOBBREIIL - T,
Bae REDONT AR ERTHIIICHATIA TS, /-, Zo—@oFRETRITHR
EMPEELZEZRZLTVEY, TRICKAEEREL VI RIEE - Tk,

2.2 BREIRICHT 258 [ BRBGRETE ]

ELALVIZBWTHEBLAMIBWTS, AEREOGEPEYZHREDRIOER %R
FERDO—DTHHIEHPBEDLNTVE, $TWHOMEIR, BRREOFHRPHILE I
MAT. BACKHERICOAHBEINDL L) I hoTE, £ DI -0y HETIE, £RE
Zdy NI — 2 HRBEOERFEOVEDE LTHADOLNTETED, EELBIKR
A LG D EEIAER T 2 RIAAAH T X Tvr A (Jongman, 1995) SHHDF v b7 — 7k,
EBEBEOSHE., EMEOSHB L UBH/NY — VISV TETEIRTWS, #7275
Tid. 1990 2. BUFO [BREERE] (LNV, 190)0—# & L TEIAER: Y T —7

DEZFFTRENT, BLERRL Y PT7—2Tid, ZEVAVOa 7)) 7, BRAKK

., BXUAENaY F—EtE SN, BXAEERL Y T —27d, BRBOEEZILK
L., BESE22 LT, AABEOMMERNTLIE L L0, REWEREEUEL T,
R D ST BB TAREREP KL TAHIE#HEL TS, [BABERETE] T
. 2 LABAKELANVOEEL LTRSS, HBIUHBRLANLTESIZAEKRIC
H¥T B EARD SN, EHEROERPIEIL 30 £/ TH 5 (Piepers & Bekker, 1993)o [
+AEFZR Ry PT— 7 OBEIE, BECEBICBISRATWEAY, FOd Tk, £ K
—DOFERNYUIEE LV ERLTVS,

2.3 MBEED A & BT

MR D A BIBE S 2 [Nk - T A 7200 Y+ 4 & BiEGA, [BARBURETE] @
(gL 7A=74] OHEBIEAEh TV, FHWIC, BLEERL Y b7 -2 H
FEEICL > TBENDESR SV b, 4. B, BET oW EREE B
XgB I EAHELINTWE, TOBEIR, 610, HELARLVOEERAEE LT, UT
DEHICEEBICKRBEEN TV A,
CH e SEREEET 5, Thbb, 4%, BRARRAY bV OF I EE
NN/ AN
CEHERELZAY VY- RAFBEELA Y FT— 20 W L T AR Y. 2000 FF
TIZ 40%. 2010 4E F TIZ 90%EIE T 5 (Piepers & Bekker, 1993), § %&b H, 2000 4
T, TRODOTEMAD 40%I2BVT, BY2ERBYBEIZEIN TV RITRIE
B\,
C . BB VIR EEBOBHN T 4 — T TV TLEWEAICE. HENFREEL S,

IS OSETRE BAEZOZBIRIIE. BRICBFERE TSI L &> TS5 (Bekker, 1998),

1998 EHET, BHHEE L ELEER R Y b7 — 7 OLEMBFTO 36%I25\ T, BEIZGHIES
EXRPER SN TV S,

— 116 —



EBBREOME ZORE T
12798 B EEREHH~OHEORE, BR. ROBELFE

2.4ALDDOH BMHE

SWHIC & ABENL KRS, SWIREICTHT TE DAL ERBEOE NPT LbhTw
B2 b od, BEIIEZFIIKREV, £ 05T, BERTRFEREFELNATVS
A hbod, K2, BEERRAY V-2 00— THhLEREDE VR @ET
LEHBBEEONEVEEINSZ LPH D, TR LD, 1990 E£2 5 1997 £F TOM
WCEZHLVIRYRESNBEHEED ) B, 29km OXEVE L AERER A Y T — 27 IIMED
Fonl- e R LA, 20 29%km D) b, 26%DXETid, FKAZIEY 2 BWRENTHER 2
EHINTV R, TOFREIT, §EBEF oo Er—YEET LI L3RR THLIL Y
ﬁ_“LT\J‘ZJO

EIIZE DM 22T TR, BHLoEITE B A DOEY, BHERSZLAY b7 —20DR
BV THIEL S OICEIANIL T b, TEMMRFEEmA—ERL HEIEEICH > TE
BREANTBY, 29 LA TELW [Fway) F—] PERICHTHELIT220H %,
L7zdsoT, [HFway) F—=] %, 8L 6ATUHIIEEEOEVL O (HETWELD
D) ETHHPHPEELBETH D, $7-. BEOHYBIHEOFENMEL L T L,
T AR S IT A HARBOBICEREL TV A EFETE T AN LT THFLTVWLZ LR
D2WTh, BEERILILEND 5,

Cofizh, AREMDY F—IZBL T, UTDL) 2 REIERLZLEND L,

CHEBEMI) R ([FY—v-a)F—]) o, REZHBLEREIEDL) 2bD
75}
-3 F—oBEFBIZIZEOEALSDL LV

[FRVa) F—] 28WAMIK T 570121, [Fway F—] &55%45 (7)) —
Y3 F—] OB ERLSWLE.

[FRwvay) F—] 2, REBRLELR [F)—> -3 F—] 2RELELL2ER - =&
¥RELEMEINS L ) ITHKETT A Z L dWEER

bbb WEBRKREMFERE (7)) -] & (K] o0& ERTL-OOFE L R
LTwb, ThHEDHEZEIZ, B LTAKE (FVv— a9y F=) 2iFHTS, 29 L-EE
BT, EEREMCT L ERSE T4 [ (HWoELIrLRA) BEROES] O
EHEH>TWbH,

3.REMZRE

ERAEHMIZEATIE., Bl &IPS EDEYHICE 2 AHEBLINBT A0, LTI
BITH L) AR ELToTnb, SNODOFAEMEIZIEHBEEICL 2 EELTIET 57
HOLDTHBHA, FFFIZOEBFIEX RO ELFBICDRILTON TS,

LA AR (1995)1F, EHh - BIAR - b — A BT ABBEERIRE T T AR BOEEIC
DWTHA Lz, AEFRICEOVWT, RELEFMTHER S5 ZE T FELIH
%t 3 M 7=z(Reijnen, Veenbaas & Foppen, 1995), = DFHEIFHA I, BiED 5\ ITIHEL
ENBHEERMIIHTEIT A~V ary () OBREZEENIIED 5 FEIH
%& SN 72(Cuperus, 1996)o 1998 (213, F T Y FEIFHEN ZOFEZH VT, #ESB
JUBNEIC L 2ERMBHIIHT 2B ERELL, TNITELRFINAHEHRET
B, REBLUVFBECLAZBEIHHEEIARTEFRILEZATELVE EZATY
Z)o

- HEYEZGEE O, BEBEEICH - BEXEERETALEFHTETY
b5, —HT, EBRBHIIIIEY~ORZBEIRTIREVRAEHLS . HEIIOW
TEYEVHEPFTEONL L) Il o TETWE, BHIZL 2 BARRE~NOLE L&

— 117 —




Hans Bekker

M B0, BREEXIBACBITA2EBBWHICETATA FIA4 YHFBICRES N
TV 5(CROW et al., 1997), F 72, 1998 4E & 1999 FDFIT, Fibh ik BERORFEXIZIT
BT, BBERNT L IERBEMETIC BT 5 B BHBENRAL SN, FTkid, WILER
X LIRBEOEETRAL. BPEETER O T UE T AEIEITH S,

CIREPEFMCBIT S, BREBEOYUEEZEOTHMETNVORBEDIZHITIE, BEFX
AR IS D R ARSI L ETH B, 7 = )V 7 — Lh(Verboom)(1994) 1%, EHIZ
L AHEFYOFTHA~NDEEY T T ML LTz, T, THI=IZonTid, BAEE
HOMBOMEELIIET S, EBRORCEF S efHLZYIab—-YarvET NV
BHEINTVSE, SOEFLTIE., BALHEBOERICHLT, 2y b7 —2 &N
PEAROEERE Y. THFI/YA N ALON, BXUO 72 AOEEYBWTT
W35 EATEB(Apeldoorn, 1997), 29 LA FRIFELEL., RELEHELEL
HEOERICTEYT72DIIE, BGORBROBAEREE L LMUENFLETHA ),

T, B A —(Huijser)(1997,1998)13, BB L UZGEL N £ X IABKEEICS 2 5
HE, BIU. NIAXI0O - FXIVEEREBLT > FATF =754 7 & DRE
WOWTHELL, 29 LAZAREHAWT, 89— FRUVREDFERENEVEAT & &
AL, BETRREROSELTHI LN TE b,

4. TERERHD 128 DI K
4.1 BB

B ABENHEHIEFENE L7 v A, KEHE. V7L 75—k, BRICEASHK
TH S 40 £ LN E#F - Ty A (de Molenaar et al, 1997; de Molenaar & Henkens, 1998), Z L& D
HEADELERIIERFAEOREHR TH o7z, D% 1980 FEHPH, £RERA Y b7
— 7 R RETH-OICLERE SN A RAPIRAEA S iz,

MRIE, KELPITHE, —EBEDA YA TDFTHICTFLHOLNDE, T, O]k
(prevention), #&FI(mitigation). #if&(compensation), ¥ & V& Hl(management) Tdh 5, BETFER
CELTIR, BRETBIZLLIERNDEZELRENT 5720, YW (reparation) © 179 Z &
DBHRETHD, SHIZ, LDBEHICIE, BFERICBVTL NS  OMITRER DEMZAT
VW, HEJBEEICB W T ENT R R OBREEMOZRE L IBERICEHINEERZH) Loz,
H KB i (development) 24T ) T L HBLETH b,

BEZ<OBEEHHEBEICBVTIE, 20WEZT) 12475 T, SRR OBERIEL
WIEICRET LI LIBOTERETH S, BRKEHMNEHPHET 5. &8 - AdLH
% - KFIBEOAKFE - AKFIFIE, BLERRA Y FT— 22 FHBHEEEREL TWAERF
ETx [FEEMFRTRER VAV 7] ELT, £TOERE YA METHEEDIT,
BRIEADOMET, AERANOEZE L RN T A7-0DORBELNREOGHF T TS, 72,
EL4ERAy b7 —2DATH, B N, BERER, d50VIEKERZBESVBICERL T
W ERM LAy b7~ 7 BEFTEICME DTS NERTIC BT 5 MBI R b EEayIiC
EENb, T3, AROBETHLHBBEEICBIT S FEOREN., BT HEEEIC
BWObFEBICEBS NS, £, AOTNBOBARBEORE - REIZODVTLAL
PATABITON TV BEEIL, ROMEHTHENLTH A, SHII, #HELDI-FF )L
PHEREINTVLEMICBITAKDL. BRIBMP SV, 2525 ERFOXEHROLE
LT — FELEOHIEMKEEBRT AL, HTHITHRV,

4.2 IR OIERE

Fl1id, T 7V OBEBRBEIIBVWTERSINTWARHEOMEEZRL TS, INHIE,
BICBHAEEYOLDICERIN-bDE, MMOBHOLDIZLFINOHZBEEN TV LD E
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EBIRBED T & & DR
A2 7702 EBBRESMADOMBOER, WR. RUBENFE

T A ENTEL, INLERD LEH H VI TEZ M+ 2558 3T CTid, EBRIEY
WEoTE) [BREUHDOEWV] bDELBI EIEID, CAhEITICHSEECERINS
AR 21T H, —RETI ‘¢ﬁ@&b/mnw\%0ﬁﬁo<%n1wéo%%um
BEKDBEHPEToNTEY, WIS 2 HEZICAHELTVAS

B ETHFNLEEYESLEMICAHATESL L, 3 F—EEOWESAKE LS,
SR ER KL OREBATR. B, B, —REE, FLOBEHATERETANLTH S
(Bekker, 1989), & 512, ZOBIE#E. AV—FI v 7OHRER., HEZEOEIE L O3 EE
b, BGYOHMKELINZEL LD LTI LETEELRMNETH S, (Jaarsma & van
Langevelde,1997).

PLEIGERRZFHEIZ OV TR, BICERICE RN R SR TV 5 (Bekker, 1989, 1997, 1998)D T,
KHX T LYV REDRANLEFIOWTRANT S,

1) - 58 & h i TR ER

A ERR E TS AE, MR, A=, BB COBFOEBRKR L CFIH
SNb, WIHDGE, LVEHEIL, T, ZOEIFHT LD, BLICHKTELH
MO, BELANLPECDPEREIN TV AR, KEAKIABEEISh vy —E i
5LDNH LMK, SOIEDREE OB - REMLERELD LR TH S, 2L
LR HLIN VAR, RTTWE LG40 ET 5 MO R D BTN TH 5 (Bekker,
1989, Veenbaas & Brandjes, 1997).

2) SEERR T DOHERTHEEY

ANN=FR P FNBEESELRBIFIASINATYS, KEICHPETZHE 7T LR
BOOLLRhEDYVINY —%DL AL, NEIEALEOFIH A % WM A, BlELTiE, U0
BO(RAR) 2 ERTHEEOLIICEELZD, P AVHICEED ICE o TREF D o7
D‘by%»mu&@¢éanff%lnfﬂ%twﬁ%d&@;5 LOBLZEREDT
ED MRE LTS, 29 LAFEIR, EEER A27 5O Zandheuvel HZEAED T CHi
&4, Van der Linden (197)C & o THEFHRE I N TS, ZOFTIE, SEESHER LR
ETH—REIBNT, REBELLHHEL T, YO KREHEELZBRE L (£3) » EHoOR
FREBHEECLAFARLITo7-E 25, BOTEL O/ABREALESBEICFIHL WS =
Ebho7z (R3) o WODPDHETIE, COBBERSEBEBED L7 E2
ENBIDTHH ol TOFEFTIE, FANRBREEOBELER YL L., NEEY
FRETLODM (A7 V=) L YKk, BARREFBEB LI EICE o THABKEK
ﬁ%mbtt%i%némwwanwﬁo
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K1 #5463 H5MBHENROLEE (RRES LUSTES)

B EREDE~NDODEBOYE
BSICLAEXEBORML BBE (54Y) | 4% (BAETA 770 1) o BE - B
BENZEOR/ME | EREHOHIR W%hﬁLﬁ@@ﬁ Sy TORE, T TOEE
AKX 7oy 77— — v DYE
£ BIRBEOMEK
BEORFB LUER
lé%@ﬁm
IRIE L R EOBRIE
EEEBAOIGRNES, KBRIZERIZBIT 5 ZBEDHIK
—EBEOMNBEITOURE : BIE - BT E TS, fTELE N ERCHELT
ZBEOHR  ERO—EFRIEME, REERDOUGE
BITHEDRT
%E%ﬂ% MY 4 TOEE, KEOWE, AE—-FF U TORE
T L HHIREEORIR & SiH]
—ﬁﬁ& BEEE, BIUOHMBE2HEELT, #EYHLTELIE~OBEL 2 LERE
efit¥ 5
} FWRED 72D DERIEE DO ERE
l@%@ BRI OHIR
FTRTCOEEP R ETDEHA K7 2 v A8 LU ARG IEA
YYBIUREE AR RETE L —F T EIEERM
FEHEOI V) — VEEYEOREEROTHA ¥
EASB & UBARDHER
EEEY BHEIAREEETCRIBZ 5720
. B TR ICE (720
A RRSELIIBVEEATS (NEOT., KERESHYOERL L)
MEMICER ST EETHRETS
SR - RETER A RET 5
EIRAREE  EEEL-EBHILVIIFOMOBREES S CTEYPET LD XK
HT 5o
ME R b4 R AT
BhY) 5 IR ITAS
EBRAHEWTA P 2N
TFHITHONRE N A2V
WAEHEHRO LRyBRINIF2—7
THYHHEOL Y KELR M 2N
BTFHMOM 2N, WAL o TREESr — TN TERETH PR
o6 7 3k E
. SR T . KRMOEM~OBRE. BIRE L OERMEOHR, Y2V — D

U

W

HUN—FE R AL SO KELRMEETA, BIWHOREN Z&ITS
BZBRTOLEMYRKELEL, FOFEOZEETTCLERSES
FrALvE—fRE L DHAGHE

Bt EHEIEOLOD (BRI AEBEL] VA, v YTV

}2 BEBHEEOEMENITE

BRI D & A 7 ¥
HEWTAG 4
R b AV 300
KDL AN (THIHA) 3
H I IN— k 4
By Lo BREt AR e B0 AR 100
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&3  Zandneuvel D BEHEE A27 S THER S N /- HE (P. J.H. van der Linden, 1997)

HEH
, (calculated for 100 capture periods)
7 A1 & X I D~ Apodemus sylvaticus 10.0
IYVY F 4 X 3 & D —HE Clethrionomys glareolus 22.8
NG 3 X I BD—FE Microtus arvalis 6.9
k4 3 X 3 O—HE Sorex araneus 1.6
b A A X I D—H Sorex coronatus 0.1
¥ X M) AX I Sorex minutus 0.4
T4 X 3 BD—HE Crocidura russula 0.4
JERFEL (30 HIE)
T 7 7 DO—& Talpa europaea 6.0
T 71 A Sciurus vulgaris 1.5
7YX Oryctolagus cuniculus 1.5
./ 1Y 71 Capreolus capreolus 1.5
=3 A % 3 Mustela putorius 7.5
A I A 2 Felis catus 4.5
FAIE 1.5
15 FH 7.5

3)EIR DS : BB RUIER

H7Ze 2 BRCHERER TR, ZBEHF DL TH, BPUHFZFOTEHATH I ERHT
bHobo BENOLOMEN L IWRERLOMEML, BRTHICBITAHEDERE V12,
WA EORTF 2 RDBRALEPBAFTCTERBEIN TS, Tl HEBOKHIF TR,
WHELMBEMZRELL [ROoDPLBRE] . BREDOIT A ML 2B RMETHR Y
V= DRETENTVE, 29 LARFERICE 2BWAHOEMCO>WTREZEL AT
7&‘/\0

4)ERR D TER | BRRUBHILIN— b

7 TIE, EEEFRPKEERZREL TV LERAISV, ZDLS T CEROE
HHBROTTHEKEL TV L, EHEEWAEEICFHELTVWAE I PRI TY
% (Bekker, 1989, Sips, 1994), BB CIZREEWI/ET 2 SW§ 5 &, HHEH BT L8
WEoTHEEL RS, ZOMBAIL, EETERSERLY, BRZ2OLZCET. XLED ., I
e £ 2853 (Madsen, 1996)R 1 )V N— D TERICHFE S L &L THIELTEX S,

4.3 5

BE, NI CUEHINBROFMIEENET > TS, IR, F7°. MRg
DICODHEENBONTZHRIH LTHELZ DD TH o2 MT 20D bDTH 5,
FEFIZ, 29 LAFEZITI S LICED, TRETIERA S BRORER., Kks1 7
DERAL, BHROBRBERRLMAEDLEL L, H L, LY EELBBOTLRIFLD, 7277
Ly 29 LB RECHIEROFIMRROERYEME LTEBmaRTEY), #7201
TEERIALIIRESNTVEOR] L) BOTHELVEMICIEH T VEZ TV iV,
EEHEOFHREICEL TR, 7T 7720V TOA, W HEPDHMEAESNTVERRT
Hbo '

BT, BrlisEp = 2 AT 5,
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BEE (2347 6)

EVREIIISIX, MICHER L TEEORE TH L0, HIFHMELEL TS, IhTTIZ
TThh-BEERIIE, A4 X BHRFEHTO Pfister et all. (1998)75T o 7 WS ORI R ICEI
ARERERN DD, HhE LTI, HMBEOMNE., #HE., BIUTFHFA V23R E2 LiF 57
DILEETHLEN) ZETHol, AXMBEL L o7 16 OHWME X, £4ITRT L2,
e L PEENEA T, FAVYDSAF. 7TV AWNWL AT, AL REFT VU FPE 2 HET
THho7,

FEOBRIIIB T AEEME DR RIC OV T OB O—B 2 LT ICEIT 5,

* BIRENIAEI, S TOREEHEICH LT, EEREOSWM »HBIETA0IcE L
HiEThsb, EELDIL, HITBORELHrE@UIGEEL, SULBEELE 74~
*EBTHIETHE, AEERTIE, BBLF 50m LEDENHNIE, £THOKE
WILEOFAA TR L Z 2 SNz, FIFTEEZRIEAY 20m % T Bl 5 KA (3 F) H SHEE A
1D TS, FICKBIMAFICH L TEREL TWAES I b o/, INEIHFLIEE L
EHEHBWICE o TE, ABREY M 7HWIRICER L THE LICHEETLZ LN
VEThol, Lzdo>T, #EBOIEIL, WS OhDRLLEBIRIEY 4 TOH %
FEHRTHICREY BIETHAZLDVLETH S,

* BiREKTAEI. BEPOBEBREL T, H5VIEEROILLNLHL LABE)T A
TOLDTHRWIEBEEIIRDMENEEZ S, 2F ), #HEER, KEOEYOABE

EOPICHAATN THEHRETLZENE I NS L, ABROEWIZ L - Tk, HEEL
DZEBMBEBEPTE LUIAELRE, H5WIELhbITY E LTHEETAZENIETFNS,

* BEWICV IS, BRI, %@@@%%m RICHRTIOVHMRYTH 5, BT
15 L RARBICAR & ST & 2RI, FlIE, FEFICKREELEEERDT T,
ﬂlﬂfzﬁiﬁ ikj_é*ﬁiﬁ‘l_fmﬂﬁk EJEZT 3 5 X ') &i% ’C?)Z)

x4 BENRE L -BHPERIEOTE W)
D:FLY N:AFTH FiTF52 R CHIZRA )

WS D @ IER
Schwarzgraben D 50 46
Weiherholz D 80 42
Negethof D 20 42
Hirschweg D 80 50
Nesselweg D 29 38
Wurtembergle D 35 47
Hohereute D 35 50
Oberderdingen D 10 59
Woeste Hoeve NL 50 140
Terlet NL 50 95
Hardt 1 F 8 62
Hardt 2 F 8 68
Hardt 3 F 12 62
Hardt 4 F 8 62
Fuchswies CH 200 44
Aspiholz CH 140 48

HWIN— kN EBROICRAEET

Brandjes and Veenbaas (1998, 1999)i&. D A L/N— P EBIZBWT, KEH OFIKEF)
AT 28WEORBLTAELL, TORAETE, BWOFMBRR AL 0, FLVEK
RREVRE SN, BHIE, HREOMEREMLABE L., RETEFALZBEKNT 74~
MoRBALTINY N, BLU, Ny FEEFRWARBHEPEHTAKEHTEHESI N,
ZOHEORRKDOFIRIZ, BHABO THEMICHE LN T LI EDBTRETH Y, 512,
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ERBIEDOTM L % DIE
1770 BEBREDH DU ROBEE, BE. RUBEFE

REAA 78y FEIZHWT, FMECA Y7 TRERSFSNL-O, LETCHITHA
BHERECTELHETH S, CORETIE, 8510, Y70V PHICHE S W& RE
RIS 2ABICL o T, BT LT L7 _

AR, O, SEIELEOBWMEME, KEY LEREZFETAZ LSS E L
272,

RO, 17 B SN, A, UTofErsEEns . bA) 43011
(Neomys fodiens), 4 4 X F(Mustela nivalis), * 3 ¥ 3 (Mustela erminea), =% 4 % I (Mustela
Putorius), & F 70T ¥ (Martes fiona), 7 71') A(Sciurus vulgaris), %F > a7y 4%, hT )V
;EEO
LD RELHBEZEMTH 585 LERD LTI, 25 BRI, chS5ICiE. DTo
MAYE N7z 0 /1Y H(Capreolus capreolus), £ 4 X+, A3 a, =44 %3, LFyaF
v, /7Y ¥ (Lepus europaeus), 7 H11) A,

FERAERE & B OABREIZIE U T, B ORI HSEENR R 72, BB T ORI o3,
RAEDDOREME., Bk &b, FARLRETSERE#Z 25 N7 (Brandjes, 1999)o =9 L
TZHERED ) 5V DH DS DIE, 1999 FE ISR DT bNTzo KFED DL TIIIEIIIE S I,
BHIZBWTE, 20FFOMATIZBWT, L) E L DIEHATbR Iz, 2000 EDOFKITIE,
TDOHFAELF L FETRBAEITONEFETH S,

5.7 FICHEITIESREREHBALE : ShETORLE
5.1 BB &

WL A O TERE S N2 FRITIE, BREHER & #BHETE, BREE. THL L
DIPXBEBEOMOMULDH oTee A5 TR, FTTFHIHD Y AUIN 1 R, HFE
BEOTIZRE SN, T0H%., BEERICO M AV EOBHBSR L EAZBINDL XS0
2, BETIR, 2 LABRORBIEBREREEOLUAOELTH L LHEMICTHR I
BEITHoTETVL, T LEMHEROKREIR, THELZRY ., MEOBELITRIHEE.
B, HAVILEREHEEEZ 5 F 2 TEHE SN T X 72 (Bekker, 1997)e * T >~ ¥ DM IE
MROBERIZ, THI7vORECHTLIERDMOELERENHL, THIidE50 5
TRELSPOMERGEERETH ), 1947 EDSHHEIZL o TRES N TE A, SHRIIZFEK
VAR L. 1980 T 5213 %A D 1,200 EHEREICE TR Lz, BERKERLOMEE L L
T, BEEBEEROB L Z 20~ 5% ZOBHEHMOBHE o THI=LTWAE I EHNHL 2
"ol ZOZBEBRMEIBI~OIIEE LT, X WRBEH L 7 F 7 < OB HE AL S
Nico 7H 7200 - FXVEBIETA72DIIROCEEZ IO, BELFIFIATY
5T T ANT oD, TF 7 2OGFMHILIIHITHEROEHETH o 7295 20 EHOB
FETIE, 29 LD, HO5WwAEMBI T AMEORBEL 2oTWA,

1975 £ T /PO T F 77 DY ANDFEBENT, THIZERE 80ecm DI ¥ 1) — kI3i4q
TT, FREROTICREBE SN, AR 72 v AR ToNhdhotz. B
COEMERLAL-TOT 27 FThot

1976-1980 4 : S IS4 HFTET F 7T MY AADBHBEEN, TN, FROPBHEET
WKRESNZaY 7 ) — b4 7T, BRI 80-120cm ThHh o770 7 x v Aid
REINTZHPA TS5 ThHolze THILLE N FADBUETH o, T,
DEFELETREPIZDNT, L DBRVER DD SN,

1981-1985 4 | 5 HPFTICT F 77 b Y AUHEBENT, TNFTLEME., FROPBEET
ICERE S, EIEE 30-50cm TH o7z FHA v, HE, BH, B, BLO
HEOHEILOWTHERIER L, 72V AEBELBED-LIVAEDLD
PHOONz, BRELEBERELEN, 29 LABEORBICOWTELY I
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1986-1990 4

1991-1995 4 :

1996 ELARZE -
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LT Lo, &F T pEMSHIED . ZOMEIC, —REICBITLRAD T
CAVH, BEIEBEICBITAEMEBHDbE TERIN, T2, BHE
ERHEH ORI TEB LS ER Iz, SFIERVARNVOTE. BRE,
RHE., B8, ARTERGLRZ L, 2L OBREROH A, 29) L—ED
BEABDCHEREET L L TULETH LI LN br>TE, BHEEDRE
BB X OB RIC, BRAAIRESOO TRE SN, AEERIE T
FUIBIUOMOEIZ L > Ty AUDPEEIFHIN TS I EZ/RLTY
7z (Derckx 1984), = DHAMIIZ, AN G (3T 2HHEMME 2 TONI,
3 LREFEROTRICE., BREELHHARDE LMEFH -7,

T40 AFDTF IR AUNFREBEINS, FHROBHEETICZ> Y — b
BLXUORF—NDONALTH, T2, BBEOHBEEIZA T — /3, THERE S
Nte 7V AT THON, FEHEHIHRI O Ld o7, HHILHTE
DOETTFII 2N THELNEE o7, HROMERL 72 A
DEBMEBILOVTW L DOADEMPIIRIN, ERRESY 4 72 i NE
WL BEET AFEN, SEEEO—FICH ) ANSNE LIk o7z, HIOT
DOEYRERTIE DT H B E ASO @ Woeste Hoeve & Terlet D 2 B ETIZEK I N7,
HBEIEOSWE L WIDEOEERICOWVWT, FRTHERIITONAL )Tk
7ro EMBEREIEITO 4 HEFHE D —AH 1 @& N TFHITT P RN
DFHFAL v, b, BE. BLUFARRICOWTOFEHRLS, V-7 v b &
EFFIClhzHoNT,

BHEEE A RS - BT AL, THOHERL TV S A, FREBTEE
BT F T AV RBRET A EOEEAE o7, BTFERICE
Faru— FEFLVOBFILICMITTCoOFEN Tz PR BINL
(Rijkswaterstaat, project 50 pipes, 1991 - 1994), o — FEXILVBEOSHEHREIZL -
T, T+ AHEEOMOMES - MEEFIHLO M ko, $720 HF
B EERIC B AR EOERICY 2> T, HIN— FAOKRMFER, BT
RN OLEEBOAE L Vo fz, HihY 2 BB 3 5 Bl &R 2 RRALE
il olze T EAEIE, 1991 FIiZB X £ 2,200 EEAEICE THEML .

BE)EE Al O Boerskotten £ 12 3 H B DBWAE AR S iz, FOMh, )
DEEDFIEH, IAN— MRORED ZEL VS FEFEFINT,

1993 £\ [ Wr-5WifEls] 782 = 7 b(Rijkswaterstaat 1993) 4% 1997 4 £
TOFETAT— I 2OTOT 27 FTR, THIYTOERDONIHE
EhfbodmiE iz ol s iz,

F 7=, 1995 FICRAT E N SW R ROBHT v =27V TlE, R I TS
ZRIN:ETODMBEFEIIOWT, BW, £XH., et Hs. BreyE
BFE, BIUHBERFEIEH SN TV A, (Rijkswaterstaat et.al. 1995)

[UT-THEN] 7oV o7 MAHEL TED SN TV S, 1997 £ 561,

2001 X EHEERE L, F-e 7ol VRSB ENT, TFHI<IE, &
ERELBREEOPO—DEVINERTE R o7, TFH 7 <OBBERIIBRIE
LB TH D . 1996 FEITIT 2,400 fHAICER L7, HAETIE, SHOREIC
T 5720, LYV KELRAT— NV TOSMEILEIE /- TONTW5,

1998 fE(Zix, HEHEE Al © Kootwijk i 4 FH OB 2 E K
Entz, Thid, BFEOHBEEAHT 50T, BABBIZEVWTH, —
BERSER COSWRELYRETA-DDH S5 W APRAFERICE b,
THYADFBTELBEIILITA -0, BHEDO 72 Y ADPERTEZ LN,

BE. TAREME & EYFEEN, RN, BEEBEICI A0 EHHT S
YV BOBKBEEYERTAOBHHERIT TS, B, BAFOH)
WIRERTAE L . KEEZEWREOT v ¥ — AP EERDD 5V IEETERTH 5,
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5.2 BfRE

INFT2 FHOBRBROBAERDS, RABBOTEL DI L FFATE:, B2, B
BREBMOBDIZETAREBRE, BEMLHEMOTERICOVWTHEALZENE W, 29 L1
RERIT, BORR, WIS, BIUKAGHEOERICIEN SN TE, THIvx2RELT
SWEIEARERAY — P E LT, BEFE - AFIFE. L 0BEN SR REERT
BT ENTE, HRFRICBITAEIE. [P IEROME a3, #Esmy
BREN] EV)ETH D,

EFRICBRRZEELOCHS A2 L) I, SRR OERICIE., Fra L BIRER - BIR
EOEDLo TV E, ~HTERPLESHRL, BRERO—HTHb, ZLDHE, TH L7
AN BFEDOERL T O HREIEORILIZ OV TEDTEH L DMBR > T b, FHEGK
DS, BREZICIAHRBEADSA—JIZOWTEALRAKRELFEY LA LI 1CR
STBH, BAELL s TREROMAZEIEI TROTVSE, 29 LAERIE, FIECHT 5
YE A5 VPa—, HAVIEIEEEEYEL T, MLOEEDTERL, HRIZIE, s
vFX I rFEMHVLNS, BATIH., 29 LA4id, BRBEEROMBOY Va %
AL, X512, BEDEICB I 2GR OBERLEERT L L) o TET,
ZFLT, 2)LAADIEENIE, BELICHESOELETED TS, BEXLWI EIZE, &9
L72HESRBICBW T, EEHAREIHHN 2LE LRI T 2L, ZB»D. KOV HRE
LTWAHIR%Y, BEDBLEIIHBEIFHATETWLDTH S, :

EBEHENEBICE > CBEREDDOMERITOIRETH L LV BPHIHETLIN
LETICIE, BLOFEBRPUETH o7, LI, BUHEHERLEGEEIHE-> Wz EE
CEAICHATARSIIEAIIELL T, BAETIE, EBEZICIET Y FATF—-TO0H%
FHlk - BT RETHA LWV T—NIZYWERLDDOH 5B, 72720, IEREHDOFHIZONWT
3. L BE OHAEPDLELRRETH L, T2 O#HTLIREBERIIEORED LD
M, T, BREOSWEICBIT 2K E EOBRBEITIRENLLEV) HIZOVWT, A4 0FH
ETLICERVBIEEINTVDEDTH S, —FHT, BHEEZUNOITEERE S BARKER
B, BIUERE, EBOBE#ICB T4 LMROBER B IZLELRD, 2D, K
YOEMROSWIREN - OIZIE, BERERE L ZOMO 7NV~ TETOMDOBH IR K %
DTH5b,

T ORBEIRDESL L, BROSBHOEMEVFEVZEFET S E TIZIIRVERHA
o Twb, EYFFIE. AMFENLLESG, LOBET, 2 2EHRE L TRIt
THELENHo- L, —HEREME L, EBENL 7O CAPEHELLDOTH ) R
BNA T TIZIEEMEL2AZ E, S5, WOLFHELAEBYIILRALEREGLVWI &
TESLENRDH oI, LeL, bbhofRERIE, 2HL7aF vy FIAEZRITEL I X
RETHAZLDILEIFELTHWEDTH S,
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Abstract: The Netherlands is highly populated and there is an intensive land use and a
growing urbanisation. They cause with a huge road network a highly fragmented
landscape. The fragmentation of nature by transport infrastructure degrades ecological
(flora and fauna) values. Increasingly, fragmentation is being recognised as a problem and
a variety of fauna passages are being realised on roadways. The concept of ecological
networks, accepted as a working basis for nature protection, is being translated into policy
to counteract fragmentation by infrastructure. An overview is given of the various kinds of
fauna passages now in place. Some are briefly reviewed especially ecoducts and adapted
engineering works. Both are important means of improving the safety of roads for fauna
and for car-drivers. The history and the process of counteracting fragmentation show that
people from different disciplines need each other. Communication, co-operation and
information for all participants in the process are vital.

1. Introduction

Fragmentation of nature and the landscape is one of the main underlying causes of
the contemporary decline in bio-diversity world wide. Wildlife habitats are being split up
by agriculture, urbanisation and the flow of traffic. In the Netherlands transport
infrastructure is one of the main causes of this problem and since about 1980 a wide
variety of measures have been taken to mitigate the effects.

Fragmentation refers to the break-up of ecosystems and/or habitats of plant and
animal populations into smaller, more isolated units, with a resultant decline in the
aggregate area of habitat suitable for the species concerned and an increase in the distance
between remaining habitats. Ultimately, fewer species will be able to survive in the
remaining fragments. Small local populations face a high risk of extinction, whether
through natural causes or as a result of activities associated with road construction and
motorised traffic. Recolonisation from elsewhere is only feasible if there is adequate
access to the area in question. Whatever the case, the problem of fragmentation inevitably
leads to a loss of ecological values.

In the context of roads we distinguish four impacts on the natural environment
(Bekker, 1998). First of all the destruction of habitats: a certain area of nature simply
disappears under the tarmac. Second, the ensuing traffic flow disturbs the area adjacent to
the road, causing quantitative and qualitative changes influencing a variety of population
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variables. Disturbance by noise and edge effects are examples of such changes. Third, the
so-called barrier effect means that parts of a habitat are cut off, reducing the exchange of
individuals within and among populations. And lastly, many animals end their lives as
traffic casualties.

2. Recognised problem
2.1 Infrastructure policy

In the Netherlands the terms of infrastructure planning are laid down in the Second
Transport Structure Plan (V&W, 1990). The road projects identified in this document are
limitative and indicative; the necessity of implementing a road project must still be
demonstrated. The combined procedure embodied in the Routing Act and Environmental
Impact Assessment legislation is designed to achieve due balancing of interests in
establishing the route to be followed. Public participation (rather than pubhc decision-
making) plays a major role here.

2.2 Nature policy

At both the national and international level fragmentation has been recognised as one
of the driving forces behind the decline of bio-diversity. Increasingly, this problem is
being recognised by politicians, as well as by conservationists and researchers. In many
European countries the concept of ecological networks has been accepted as a working
basis for nature protection, providing major scope for transnational co-operation (Jongman
1995). These networks are related to the spatial patterns of habitats and the occurrence and
movements of species. In the Netherlands this has been translated into the concept of the
'Ecological Main Structure', introduced in 1990 as part of the government's Nature Policy
Plan (LNV, 1990). The EMS distinguishes core areas, nature-development areas and
ecological connections. By enlarging and connecting natural areas it is aimed to reduce
fragmentation - or, in other words, enhance defragmentation. By creating larger units and
improving overall environmental quality, vulnerability to external influences will decline.
This concept was introduced at the national level and requires elaboration at the regional
level. The timetable is to realise this network within 30 years (Piepers & Bekker, 1993).
Implementation is in steady progress, although the realisation of ecological connections is
behind schedule.

3

2.3 Targets of the defragmentation policy

The target scenario for avoiding and reducing fragmentation of the countryside is
described under the policy heading 'Environment and Amenity'. In the short term there is
to be no further fragmentation of the Ecological Main Structure by motorways, and in the
- longer term existing fragmentation it is to be reduced. This target scenario is elaborated in
terms of operational targets, viz. that:
® new fragmentation must be avoided, i.e. there shall be no new transecting of the

Ecological Main Structure
B existing fragmentation of the EMS by the national motorways network is to be

reduced by 40% in the year 2000 and by 90% in 2010 (Piepers & Bekker, 1993). This

means that by 2000 there should be adequate ecological measures in place at 40% of
the intersections with the EMS

— 129 —




Habitat fragmentation and habitat defragmentation; developments, results and
processes of counteracting habitat fragmentation due to infrastructure

B if avoidance and mitigation of effects are not feasible, compensation measures are to
be implemented.

Progress on these reduction targets is reported to parliament annually (Bekker, 1998).
As of 1998 existing fragmentation had been tackled at 36% of motorways intersections
with the Ecological Main Structure.

2.4 Problem still growing

Despite recognition of the problem and the efforts of many people and organisations
to combat fragmentation, the problem is still widespread. Despite the existence of
appropriate procedures in the Netherlands, new motorways are still cutting through high-
grade natural areas that are part of the EMS. Between 1990 and 1997 29 km of motorways
was built or widened through the EMS. On 26% of these 29 km no proper fauna passages
were created yet. It also proved impossible to avoid new fragmentation entirely.

Continuing urbanisation and everyday traffic are also contributing to the problem,
both inside and outside the EMS. A growing number of industrial estates and residential
areas are being built (with their associated road networks) along roads and motorways.
These ‘red corridors’ are expanding rapidly. An emerging issue is how to ensure that these
‘red’ corridors are permeable for the fauna. How is the design of the ‘green corridor’.
Maintaining the viability of existing fauna passages and a well functioning connection to
nature areas in the surroundings also demand attention.

These ecological corridors are part of the ecological network. At the moment new
questions are arising: what is the optimum size and shape of the ecological corridors, the
‘green corridors’? What species can be chosen as target species? What is the size of the
‘green corridor’ to enable fauna to cross the ‘red corridor’? Is it possible to realise a ‘red
corridor’, with a minimum required ‘green corridor’ and with an healthy climate to live
there and to work there? The Road and Hydraulic Engineering Division of the Dutch
Ministry of Transport, Public Works and Water Management has started a programme to
achieve further integration of ‘green’ and ‘red’, sometimes via the watercourses, the ‘blue’
corridor. This will be a part of the concept of ‘permeability’ in which there is enough
connection between habitats.

3. Research

Impact
The Road and Hydraulic Engineering Division has initiated a variety of studies on

the influence of roads and traffic on specific fauna groups, as illustrated by the following.

examples. These studies are used to describe the impact of motorways, but also to develop
defragmentation measures and the improvement of these measures.

e Reijnen (1995) has investigated the influence of traffic on the breeding density of
birds in meadows, woodland and heathland. The results were employed to design a
predictive method that can be used in Environmental Impact Assessments (Reijnen,
Veenbaas & Foppen, 1995). Based on this predictive method, a method has been
developed to arrive at quantitative data for nature compensation, for both the
destroyed and the disturbed area (Cuperus, 1996). Last year NS-Railinfrabeheer
investigated breeding-bird disturbance by railways and trains using this method. The
provisional outcome is that disturbance is not as severe as in the case of motorways.

e Because of growing traffic volumes it is now necessary to illuminate certain new
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stretches of motorway. Recent research on the effects of road illumination on animal
species is starting to broaden our understanding of the issue. In anticipation of
ultimate results, guidelines have been drawn up for road illumination in nature
reserves (CROW et al., 1997). In spring 1998 and 1999 the breeding density of
meadow birds was recorded in a designated Dutch meadow bird area with and
without illumination. There are plans to investigate the effects of illumination on
mammals with a view to possibly improving the design of fauna passages.

» For the purposes of EIAs it is necessary to use this knowledge to make predictions
regarding the impacts of a given intervention on the natural environment.
Development of predictive models requires empirical knowledge, supplemented by
the existing body of literature. Verboom (1994) has modelled the influence of roads
on wildlife dispersal. For badgers a simulation model has been developed in which
mortality data can be used and based on actual mortality data which indicates the risk
of extinction of (local) populations. The survival time of a network population can be
predicted for various kinds of road, numbers of badger tunnels and length of fencing
(Apeldoorn, 1997). Practical experience and further research will be needed to
improve these and similar predictive methods, so that they can be used for optimising
the planning and implementation of appropriate measures.

¢ Recently Huijser (1997, 1998) investigated the impact of roads and traffic on
hedgehog populations and the relation between hedgehog road casualties and the
landscape. Such knowledge can be used to identify high-risk locations and also as a
guide for creating fauna passages (de Vries, 1999).

4. Defragmentation measures
4.1 Strategy

Fences, mirrors and reflectors to avoid collisions between cars and animals have
already been in use for over 40 years (de Molenaar et al, 1997; de Molenaar & Henkens,
1998). Motorist safety was the main motive for taking these measures. Around 1980 a new
basket of measures was introduced designed to safeguard ecological networks as well.

The overall strategy can be summed up in the following four coherent activities:
prevention, mitigation, compensation and management. For existing roads the term
reparation can be introduced for counteracting the damage on nature values caused by
roads and traffic. And, more on the offensive, there is also a need to introduce the term
development: more provisions on existing roads, and more attention to landscaping and
the design of motorway flanks in relation to fauna passages.

In the context of many existing motorways it is very important for reparation that
proper priorities be set. By way of illustration, the strategy adopted for alleviating the
ecological impacts of roads in the Netherlands is first described and then elaborated with
reference to an example.

The Directorate-General of Public Works and Water Management (Rijkswaterstaat)
is working towards implementation of relevant national policy, as laid down in the
government's Nature Policy Plan (LNV, 1990). All those locations where the Ecological
Main Structure is intersected by a national motorway are being treated as priority
bottlenecks. Priority is also being given to projects that dovetail with integrated plans
already drawn up by national, provincial and municipal authorities and water boards.
Measures on national motorways are particularly effective when measures have likewise
been implemented on the subsidiary road grid and regeneration and protection of the
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surrounding countryside are also being tackled. High numbers of animal traffic casualties
may also constitute a motive for priority action. It goes without saying that the safety of
motorists may also prompt action. In the Netherlands all EMS-motorway intersections
have been inventoried and analysed to establish the most appropriate measures for
mitigating ecological impacts.

4.2 Types of measure

Figure 1 reviews the range of provisions currently implemented on the Dutch road
grid. A distinction can be made between provisions created specifically for wildlife and
measures on older engineering works that have one or more other primary functions. All
these measures improve the permeability of the roadway for fauna, whether by over- or
underpassage. Many provisions have been taken to date and those implemented on
national motorways are reviewed in Figure 2. In the subsidiary road network there are 260
small tunnels. Many bridges already had adjacent embankments and many of these are
frequently used by animals. .

Joint use of modified engineering works means a substantial increase of green
corridor potential, since highways have a large number of intersections with watercourses,
bridges, viaducts and local roads (Bekker, 1989). Less spectacular but also important are
measures to influence road usage by means of traffic signs, speed ramps, change of road
function from through-traffic to local traffic only. Modification of traffic circulation is
another option (Jaarsma & van Langevelde, 1997).

Several of the above measures have been described in previous papers (Bekker, 1989,
1997, 1998). In the remainder of this paper consideration will be given to adapted
engineering works.

Adapted engineering works

Existing road-engineering works such as tunnels, viaducts and bridges are often used
by animals as a means of traversing roadways. Usage by mammals is more frequent and
involves more species if the structures have sufficient space for safe passage, if noise
levels are reduced, if there is a soil substrate and shelter available and if there is due
connectivity with the surroundings. If these conditions have not yet been met, fulfilment
thereof represents an attractive option (Bekker, 1989, Veenbaas & Brandjes, 1997).

nde es; viaducts and tunn

Viaducts and tunnels are used by a wide range of species. Extra substrate cover and
shelter encourages their use by small mammals; a wall of tree-stumps, surplus sewerpipe
segments and/or soil are found to work effectively. This was demonstrated by Van der
Linden (1997) under the Zandheuvel viaduct on highway A27, where a reserve lane
originally intended as an additional lane on a local road has been modified with a tree-
stump wall and vegetation (Figure 3). By studying tracks and using repeat-capture
methods, it was demonstrated that the facility was used intensively by numerous small
mammals (Figure 3). For some species it even constituted an extension of their habitat.
Usage is enhanced (DWW et al., 1995) by removing hard surfaces such as tiles and
clinkers, providing protective screens, sheltering stumps and planting bushes.
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Figure 1. OVERVIEW DEFRAGMENTATION MEASURES IN THE

- NETHERLANDS(realised and / or in development)
A5 HICH B PMEEEROLHER (EHES L USHES)

Influence the quality of habitat

minimise noise nuisance: cars (tires), pavement (porous asphalt), screens and walls

minimise visual stimuli: reducing illumination of roads: temporarily, better lamps, place of lamps
improve bufferzone along nature area

replacement of habitat

design and maintenance verges

Use of roads

remove small local roads

concentration at highways, including lowering traffic flow at secondary roads
change of status of local roads: lowering, more dead end roads

reduce traffic flow: temporarily closing of roads, optimise alternative roads

reduce speed:

physically: type of pavement, extra curves, speed ramps

official speed limits by traffic signs with enforcement

information to the public, car drivers, public opinion about speedy drivers
legal possibilities to realise a good protection of the fauna

Reduction traffic accidents between cars and fauna

fences to stop and to guide (for all kind of species)
grid in the road or by electricity (for cattle, for game)
design of the verges, including concrete vertical elements
shrubs and trees
¢ to enforce birds to fly high over the road
¢ to guide fauna to passages
use smells to put off the fauna (human sweat, manure of big carnivores)
use of optic warnings:
o reflectors and mirrors
» traffic lights: continuous or combined with a systems to detect a coming animal

Safe passages over the road '

ecoduct
tunnels through road:

+ small for badgers

¢ open for amphibian

¢ bigger dimensions for roe deer"
tunnel under a bridge or combined with wire pipes
adapted engineering works:

e viaducts: pavement, connection with surroundings, shelter
culverts and tunnels: bigger dimensions, extra catwalks
bridges: more space under bridges, ongoing embankments
combination of tunnel with a rural road
‘tree bridge’: to give possibilities for climbing mammals: squirrel, pine marten

Figure 2. Fauna passages along motorways (1999)

B $HEF REDE AT R

type of fauna passages number
ecoducts 4
small fauna tunnels 300
large fauna tunnels (for roe deer) 3
eco-culverts 4
engineering works withe adaptions for fauna: 100
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Figure 3. Mammals detected at Zandheuvel - Rw A27; (P.J.H. van der Linden, 1997)
Zandheuvel fHE) BEHEFAE A27 5 THB S N -HILREA

captures (calculated for 100 capture periods)

wood mouse Apodemus sylvaticus 10.0
bank vole Clethrionomys glareolus 22.8
common vole Microtus arvalis 6.9
common shrew Sorex araneus 1.6
french shrew Sorex coronatus 0.1
pygmy shrew Sorex minutus 04
white-toothed shrew  Crocidura russula 0.4
tracks ( calculated for 30 days)
mole Talpa europaea 6.0
red squirrel Sciurus vulgaris 1.5
rabbit Oryctolagus cuniculus 1.5
roe deer Capreolus capreolus 1.5
polecat Mustela putorius 7.5
domestic cat Felis catus 4.5
mice 1.5
Mustelidae 7.5
ve : viaducts and bridge

Only occasionally have animals been observed to cross little-used viaducts and
bridges. Modifications designed to promote such co-use, in the form of shielding or soil
with vegetation have been implemented at several sites. Some viaducts have been
modified with a 'soft shoulder' for fauna and/or with screens to minimise the impact of
car-lights. The extent of (extra) utilisation is not yet clear.

n es: bridge lve
In the Netherlands there are numerous places at which roads cross canals and ditches.
In cases where the embankment continues under the bridge, use of such passages has been
frequently observed (Bekker, 1989, Sips, 1994). If the road and bridge structure interrupts
the bank, it forms a barrier for animal species requiring the bank for passage. The situation
can be improved by installing uninterrupted banks and ledge walkways: 'fauna ledges' or
‘catwalks' under bridges (Madsen, 1996) and in culverts.

4.3 Evaluation

There is currently wide interest in evaluation of the measures already in place. In the
first place, such an exercise is necessary to assess whether investments are justified. At the
same time, though, it will lead to further optimisation of the strategy through improvement
of existing mitigating facilities and an increase in the number and/or (combinations of)
types of measure. These studies are geared mainly to utilisation of passageways, with little
consideration being given to the very difficult question of whether populations are actually
being preserved. Only for the badger can certain conclusions be drawn in this respect
(Bekker & Canters, 1997). The issue of utilisation of the various provisions is considered
below in the descriptions of the individual measures.

As example two evaluations
e ecoducts
e adapted culverts and bridges along water courses.

Ecoducts
Ecoducts are relatively expensive, so an evaluation is necessary. We all can use the
research of Pfister et all. (1998) from the Swiss Ornithological Institute at Sempach. They
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investigated the effectiveness of ecoducts. The main result is that location, size and design

of ecoducts are important issues in this matter., The 16 investigated ecoducts (8 in

germany, 4 in France, 2 in Switserland and 2 in the Netherlands) have a variety in width

and length: see figure 4.

Some of the conclusions of the effectiveness of ecoducts are (Pfister et all, 1998):

e ecoducts are for all terrestrial groups of animals a suitable means for minimising
fragmentation. Essential is that the ecoducts are optimally positioned, dimensioned
and designed. The results tend to indicate that for a width of approximately 50 meter
upwards the requirements are fulfilled for all larger mammals. Ecoducts with an
effective usable width of less than 20 meter were crossed significantly less often and
cannot be recommended for large mammals. Small mammals and invertebrates need a
habitat corridor. So the width must allow to create different habitats on the ecoduct.

e Ecoducts are most effective when they are not only a corridor for movements, not
only for crossing roads from one side to the other. It is necessary that an ecoduct is
integrated as a habitat for larger species or even forms a complete habitat and home
range for small animals.

e Generally spoken ecoducts are more effective than other means for crossing roads.
The idea is that only viaducts which are so large that vegetation corresponding to the
surrounding can develop under them are similarly effective.

Figure 4. Dimensions investigated ecoducts (Pfister et al. 1998)
FAEMKRELAZTIAL T bOTEmMYD: K1Y, NLiAFL 4, F: 75X, CH: A1 X)

Name country width length
Schwarzgraben D 50 46
Weiherholz D 80 42
Negelhof D 20 42
Hirschweg D 80 50
Nesselweg D 29 38
Wurtembergle D 35 47
Hohereute D 35 50
Oberderdingen D 10 59
Woeste Hoeve NL 50 140
Terlet NL 50 95
Hardt 1 F 8 62
Hardt 2 F 8 68
Hardt 3 F 12 62
Hardt 4 F 8 62
Fuchswies CH 200 44
Aspiholz CH 140 48
da lv: d brid

The desired shape of these ledges and the animal species using such provisions has
been investigated by Brandjes and Veenbaas (1998, 1999). For the purpose of this study
into passageway use, a special track-recording method was developed (Brandjes,
Veenbaas & Bekker, 1998). The tracks are recorded with the aid of track beds, preferably
using silver sand, and ink pads containing carbon in liquid paraffin. The tracks of ground-
dwelling animals are then transferred to paper. The major advantage is that tracks can be
analysed and measured in the greatest detail and are, moreover, permanent so that they can
validated later if necessary. Track analysis is supported with a census of intinerant animals
using an infra-red detector designed specially for this research project. It has been found
that many different species use these fauna ledges and continuous banks. The tracks of 17
species have been detected on fauna ledges, among them watershrew (Neomys fodiens),
weasel (Mustela nivalis), stoat (Mustela erminea), polecat (Mustela Putorius), beech
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marten (Martes fiona), red squirrel (Sciurus vulgaris), salamander, toad and frog. On the
uninterrupted embankments, with their generally far larger dimensions, 25 species have
been detected, including roe deer (Capreolus capreolus), weasel, stoat, polecat and beech
marten, hare (Lepus europaeus) and red squirrel. The extent of use is obviously dependent
on the local environment and the species occurring there. The dimensions of the underpass,
the location of the fauna ledge, the width of the catwalk and the 'funnelling' provisions to
the underpass appear to be critical parameters (Brandjes, 1999).

Some of these provisions are being enhanced in 1999: half the fauna ledges are be
widened and on half the continuous embankments extra cover has been created. In autumn
2000 the tracks are to be recorded again in the same way.

5. Processes
5.1 History

The first defragmentation measures to be taken were the result of confrontations
between conservationists and planners, road designers or administrators. In the
Netherlands it started with a single badger tunnel installed under a new road, and
proceeded via provisions implemented on existing roads until there was general
acceptance that such measures are the standing responsibility of the road administrator.
Where possible this has been, or is currently being, incorporated in the appropriate
procedures, in directives and in management plans (Bekker, 1997). The Dutch history of
defragmentation measures has a strong relation with the attention directed to the badger
Meles meles (Bekker and Canters, 1997). The badger is an endangered species in the
Netherlands and protected by law since 1947. The decline in this century is enormous with
the lowest amount around 1200 individuals around 1980. Annually approximately 20 -
25% of the total population died as road victims. This steep decline in the 1960s and 1970s
made protection necessary. The first steps to prevent badgers being killed when they cross
the road became to the current approach of defragmentation using badger pipes. This
process was a process of trial and error, but the approach now, related to all kinds of
species, is based on this experience of twenty years. , ,
until 1975 The first badger tunnel was built: a concrete pipe 0.80m in diameter, under a

new road, no associated fence erected, many questions.

1976 - 1980 Another four badger tunnels built: concrete 0.80m by 1.20m under a new
motorway, fenced but unsatisfactory. Much heated discussion whether these tunnels
should have been built and whose responsibility it was.

1981 - 1985 Five badger tunnels built: concrete pipes 0.30m and 0.50m in diameter under
a new motorway. The discussion focused on design, dimensions, costs, place and
responsibility. The fencing was better, reinforced galvanised, spot-welded Casanet-
Netting. Engineers and policy makers start to ask about the use of the measures and
they became interested in this topic. In this period the first tunnels for local roads
were constructed in relation to the measures at the motorway. Also conducting mea-
sures in the neighbouring landscape were taken. Cooperation between various actors
(levels -of government, farmers, hunters, police, nature clubs, etc.) appeared to be
necessary to improve the effectiveness of several measures.

During construction and after opening of the motorway the first data about
usage were gathered. These data indicate that the pipes were used frequently, by
badgers and other species (Derckx 1984). In this period some lessons for civil
engineers about this topic were given.
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The pressure and knowledge of one activist organisation was part of the process.
They gave a valuable contribution to the adoption of protective measures.

1986-1990 Forty badger tunnels built: pipes of concrete and steel under new motorways
and the first steel pipe under an existing motorway. Satisfactory fencing and little dis-
cussion. Road engineers became interested. Some questions came up about
maintenance of the measures and the place of the fences. More and more the use of
the habitat became part of the implementation of the measures. The first two ecoducts
(Woeste Hoeve and Terlet, Rw A50) were built.

Several lessons in schools were given about fragmentation and possible
measures. A four-day course was set up for designers. Information about design,
material, location and the use of a badgertunnel is documented in a leaflet and in a
video.

1991 - 1995 In areas where the badger lives or possibly can live in the future badger
tunnels became a standard feature in the design and construction of motorways. A
special project was set up to counteract the road victims at existing roads (Rijks-
waterstaat, project 50 pipes, 1991 - 1994). Road victims formed the basis for iden-
tification of the problems between badgers and motorways. Ingenious solutions rela-
ted to technical problems (waterlevel, little space) were necessary. The badger
population rose to around 2200 individuals in 1991 (Wiertz 1991).

The third ecoduct (Boerskotten, Rw Al) was built. Other mitigation measures
were realised: stump walls, fauna passages in culverts.

In 1993 the program Fragmentation...Defragmentation (Rijkswaterstaat 1993)
started and focused on the period until 1997. This program was partly based on the
experience of the history of the badgers and went on with measures for badgers
beside other species.

In a manual, information is written about purpose, approach, design, technical
realisation and maintenance of all the measures (Rijkswaterstaat et al. 1995).

since 1996 The program is continued, in 1997 with the renewed program, focused on the
period till 2001. Badgers are one of the species measures are taken for. The badger
population is still growing, doubled in 1996 (Bekker & Canters 1997). Now there is a
broad scale planning to address fragmentation.

In 1998 the fourth ecoduct was built: Kootwijk, Rw Al. This time it was an
ecoduct over an existing motorway. In the neighbourhood all kind of measures have
been taken as well (local roads and railroad). Fences are replaced with result an
enlarging of the area to be used by red deer.

Engineers and biologists continue to cooperate to achieve the political objectives
to counteract the fragmentation by motorways. Several ecoducts and big fauna
underpassages are in planning or under construction.

5.2 Participants

Until now we learned a lot during this period of 20 years from the process. We
learned our lessons about co-operation, technical and ecological possibilities. The
experiences are used for the policy, for research items and for a wide variety of measures.
The history of the measures for the badger helped Rijkswaterstaat to achieve a more
comprehensive approach for defragmentation as well. One question for now: who are the
participants in the process?

From the described history it became clear that many people are involved. Citizens
and actiongroups were part of the process. Often they have a lot of knowledge about
specific species or about the local natural situation. Actiongroups and NGO’s cried out
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louder and louder that the damage on nature by road building and road use must stop.
They asked attention by letters, interviews or articles in the newspapers, but later more
shocking methods were used. And nowadays they are coming with visions for a nature
area, plans and they demand for faunapassages at specific locations dealing with the
mentioned area And they succeeded in getting attention. Their knowledge could often be
used without losing their critical voice.

Much discussion was necessary to establish that the road administration is
responsible for measures along the road. But questions by engineers and authorities about
responsibility and costs changed slowly into objectives to counteract the fragmentation of
the landscape by road building. The costs still are an often discussed item. These mean
responsibility for avoidance of fragmentation and measures for existing fragmentation.
Other authorities, nature conservation clubs and farmers are responsible for entire measu-
res in the surroundings. These groups have to co-operate for real solutions to
fragmentation.

It took time before the several disciplines understood each other. Biologists had to
apply themselves on exact, more mathematic information about biological demands. Civil
engineers had to learn that ecological processes are complex, take time and are not always
predictable. But these gaps were bridgeable.
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1. Introduction

In the Netherlands, there are now only two areas where car traffic cannot be heard, i.e.
in De Hoge Veluwe National Park — an area of some 5,000 hectares in the east of the
country — and the Wadden Sea, a saltwater tidal area bordering the North Sea that largely
dries out at low water (IKC, 1999). The Netherlands has one of the most dense road
networks in the world: with a surface area of 33,883 km’, it accommodates 124,530 km of
roads, which is equivalent to about 3.7 km of road per km? of land. The motorway system
has a total length of 3,143 km (CBS, 1999); traffic intensity on Dutch motorways varies
from 20,000 to 160,000 motor vehicles per 24 hours.

The Netherlands is a densely populated, intensively used country. It has 15.9 million
inhabitants (465 per km®), 13.5 million pigs, 4.2 million cows and 100 million chickens.
Some 3.4% of the land is nature reserve, which corresponds to 89 m’ of nature reserve per
inhabitant (CBS, 1999). Nature, space, and peace and quiet are scarce commodities in the
Netherlands. In the Netherlands and other European countries, agriculture has had a highly
adverse effect on nature. Under modern, intensive agricultural operations, only a very
small number of species can survive. Areas with adjacent crop-cultivation fields make up
the most monotonous and species-poor landscapes. In modern crop fields and grasslands,
intensive fertilisation and the use of chemical herbicides have left little room for wild
plants. In intensively cultivated agricultural areas, usually less than 2% of the total surface
area is made up of nature elements that are worth protecting; often, this figure is as low as
- a few tenths of a percent. Only a very small part of the surface area of the Netherlands still
comprises high-grade nature reserve. The surface area of natural and semi-natural
grasslands is estimated at less than 3,000 hectares, or 0.5 % of the total surface area of
grassland. Living communities that used to be managed extensively and produced only a
small yield have deteriorated the most. Species living in nutrient-poor meadow-lands have
deteriorated the most since 1950. Plant communities of habitats situated on high ground are
some of the most endangered in Western and Central Europe.

The effects of roads and traffic on nature in the Netherlands have also been far-
reaching: both the extent and density of the road system and the intensity of traffic have
taken their toll. Adverse effects on nature occur especially in the form of habitat
fragmentation and the disturbance of fauna.

In a country where the land is so intensively used and so many people live close
together, there is a need to make optimum use of each square metre of land. There are
approximately 59,000 hectares of road verge in the Netherlands, representing a surface
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area 42% of the size of that of nature reserves. Although road verges have hardly any
significance in (most) countries with enough space, this is not the case in the Netherlands.
Because 70% of Dutch land is used for very intensive agriculture, in many areas, road
verges and banks are the only places that still provide nature values. Road verges and ditch
banks form a 400,000 km long network of 'green veins' spreading across the country. The
size of the verges of motorways (12,000 hectares) makes them especially important. A
width of 10-50 m on each side of a long road provides room for flora and fauna. The
proper design, creation and management of road verges are important factors in making
optimal use of ecological potentialities. Especially flora and small animals can profit from
ecologically managed road verges.

2. Significance of road verges in nature policy

The Nature Policy Plan (Ministry of Agriculture, Nature Management & Fisheries,
1990) details the concept of the ecological main structure (EMS) of the Netherlands. The
EMS comprises existing, larger nature reserves — referred to as core areas — and nature
reserves yet to be developed; the latter are designated as nature development areas.
Between these larger nature areas, connection zones have been planned. Such zones are
described as areas or structures allowing for the expansion, migration and exchange of
species between various core areas. They can have the shape of connecting corridors or of
'stepping stones' of different sizes. The shape also depends on the size of the (groups of)
animal species. The establishment of connection zones must occur at three scale levels, i.e.
the national, regional and local level. The connection zones included in the plan have been
defined at a national level for the otter (Lutra lutra), badger (Meles meles), red deer
(Cervus elaphus), sea trout (Salmo trutta trutta), brown trout (Salmo trutta fario) and
salmon (Salmo salar).

The Nature Policy Plan further states: "Policy is focused on maintaining the
connection possibilities within the connection zones indicatively marked on the map, or
restoring or developing the same. The zones are largely located in areas with other main
functions, but incorporating smaller nature areas and landscape elements. These will then
as much as possible make up the basis of the (continued) development of these connection
zones. In addition, connections can be realised near existing waterways and road verges;
their configuration and design can be focused on the connection zones to be. Also leftover
corners form a good starting point in this regard. In this context, the important thing is not
only the connection zones shown on the map of the Ecological Main Structure (EHS) and
recognisable at a national level, but also the connection zones at regional and local levels."

The basic document for the Nature Policy Plan — ‘Nature Development: an
Exploratory Study’ (Ministry of Agriculture, Nature Management & Fisheries, 1988) —
states that in as far as such is desirable and possible, comparable areas must be
interconnected. This can be realised by developing connection zones, corridors or stepping
stones between (core) areas. A certain filtering effect of the connection structures is
unavoidable, since the requirements formulated by the various species that make up a
living community can only be partly realized. In addition, these requirements may be
contradictory.

In some sections, the description of certain types of ecological zone refers specifically
to road verges. For instance, the section on the development possibilities for the area of
rising groundwater indicates that along roads and dikes in a general sense, it is possible to
develop the more terrestrial component of all sorts of systems (i.e. the grassy component,
bush and small woods), and it makes recommendations for this. The section on the
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development possibilities for the peat area states: "For small-scale nature development,
waterways can be used, especially those of an infrastructural nature." The final conclusions
again point out the important role that all sorts of waterways and road verges can play as
the support framework for wet and dry connection structures.

There is, therefore, wide consensus in the government’s policy that the general
realisation of ecological main structures should be sought. Its planning then distinguishes
between stepping stones, zones and corridors. The shape of such structures differs widely.
A corridor is defined as a continuous, elongated zone of a limited width. Stepping stones
make up a non-continuous spatial structure. The current lingo uses the words ‘arteries,’
‘veins’ and ‘capillaries’ to clarify the structure of the green network. In view of the
(relatively) very large length of the system of verges and ditches, the co-use of road verges
and ditches in realising an ecological structure is an important strategic choice.

3. Significance of road verges for flora

In the 1950s and 1960s, the embellishment of the landscape of planted road verges or
verges incorporating wild flora was less intensely represented in the management of road
verges (the norm was smooth, flat verges — 'green lawns' — which were mown seven times
a year). There was no recognition of any possible function of road verges as the habitat for
plants or animals. In the 1970s, however, the Public Works Department realised that road
verges can accommodate valuable forms of nature, which under effective management can
continue to develop. Today, such ecological road-verge management is the policy basis for
motorway verges.

Depending on the type of soil, locations with herbaceous vegetation are now cut only
once or twice a year, and the hay is removed. This imitates the old-fashioned agricultural
use of meadow-land, and leads to flowery grasslands — a phenomenon that used to be quite
common. In order to gain an insight into the flora present on road verges, more than 2,500
relevés were made of Dutch road verges (Sykora et al., 1993). These relevés revealed the
presence of 780 native plant species, representing more than half of all species of Dutch
flora. Road verges are especially important for agrestal plants, which at many locations
have disappeared from the fields. Relatively speaking, there are only a few really rare
species present on road verges, although there are some rare species that are found
virtually only on road verges. Of all road-verge plants, 159 species (10% of all plant
species found in the Netherlands) prefer road verges, outside of which they find no or
hardly any suitable living conditions.

A periodic measurement of the development of wild flora in the Province of South
Holland revealed that nature qualities in the rural area had further decreased. The value of
the vegetation of roadside verges, however, had not decreased, a phenomenon associated
with the road-verge management applied there (Den Held et al., 1993). Recent
investigation along the A12 motorway (which crosses the Netherlands from east to west)
showed that road-verge vegetation was much richer in species than the agriculturally used
hinterland near it. On average, 32.7 species were found on test sections of road verges, as
opposed to 11.5 in the hinterland (Bonte et al., 1997).

Since the Netherlands is a flat, low-lying country (much of its land is even below sea
level), ditches have been dug at very many places in order to drain superfluous water.
There are also ditches alongside many roads, and these are often in or immediately
adjacent to the verge. In certain circumstances, these road-verge ditches can accommodate
valuable vegetation with plant species that can indicate rising groundwater or clean
flowing water. In this context, the situation of the hinterland is of much importance, since
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in many cases road-verge ditches are part of the local water economy. In such a situation,
often the main function of a road-verge ditch is to drain water in order to keep the
agricultural grounds dry. The economic significance of these ditches means that they must
function effectively, i.e. there may not be too much growth in them.

Many places alongside motorways appear to support water and bank vegetation types
that are rich in species. Polder ditches and road-verge ditches are also very similar as far as
their vegetation is concerned. At various places there are indicators of rising groundwater,
such as water horsetail (Equisetum fluviatile) and unbranched bur reed (Sparganium
emersum). Also, there are such indicators of fresh water as stoneworts (Characeae,
Charophyta) and blunt-fruited water-starwort (Callitriche obtusangula). In some road-
verge ditches there is a potential water quality that can accommodate special vegetation
that is dependent on rising groundwater. However, the quality of this water is partly
reduced by the influence of the road. Before it gets into the groundwater, this water could
be purified in a constructed run-off filtering wetland. This method works well for heavy
metals (also in low concentrations). Furthermore, a constructed wetland can accommodate
important, extra nature values. Also dry ditches (and ditches that periodically dry out) can
be important as cover for small animals. With the experience gained from projects that
involve developing nature values alongside roads and the markedly increased attention in
policy for the ecological values of ditches, there are good opportunities to develop more
nature values in road-verge ditches. '

4. Significance of road verges for fauna

There are two aspects to the relationship between infrastructure and fauna. On the one
hand, there is the disturbing influence of roads on the fauna in the surroundings, for
instance, on meadow and forest birds. Armed with this knowledge, it is possible to predict
and (where possible) reduce the effects of a road when configuring and managing verges
and parts of the hinterland (Reijnen, 1995). This can, for instance, be accomplished by
applying quieter road surfaces or installing anti-noise facilities. It is also possible to find
solutions to the problem of high numbers of animal traffic-victims found in some areas. On
the other hand, road verges can be very important for animals. The fauna on road verges
has been less systematically studied than the flora, so there is no complete national picture
of the significance of road verges for the various animal groups. What is known, however,
is that there is a surprising variety of species present, often due the existence of valuable
biotopes.

Of the invertebrates, butterflies have been well studied. More than 30 of the 66
species of these butterflies in the Netherlands were found at various places on the verges of
motorways throughout the country, including various (in the Netherlands) endangered
species, such as the brown argus (Aricia agestis) and grayling (Hipparchia semele).
However, the more general and mobile species of this group are also found on road verges.
Since much is known about their habitat requirements, the management of road verges
could take butterflies better into account (Siepel et al., 1997).

Road verges appear to be surprisingly important for grasshoppers and crickets
(Orthoptera). The presence of open, short, dry, nutrient-poor herbaceous vegetation
undoubtedly plays a large role in this. No less than 34 of the 40 plus species found in the
Netherlands are also found on road verges, including a strikingly large number of relatively
rare species. For example, more than three-quarters of all observations of Roesel’s bush-
cricket (Metrioptera roeselii) — a fairly common species in the Netherlands — are made
alongside the country's roads.
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A study into the presence of insects on the verges of the A7 motorway, a provincial
road and crop-field edges in the Wieringermeer polder (a monotonous, crop-cultivation
field area), showed that the relatively wide verges of the motorway had in all respects a
much richer arthropod fauna than the other, narrower verges and the crop-field edges
(Tamis et al., 1998).

Also various reptile species feel at home on the verges of Dutch roads, although they
prefer the dry and relatively warm verges of railways. The verges of minor motorways and
byroads appear to be much more significant than those of major motorways. Since six out
of seven of the reptile species found in the Netherlands are registered as endangered, road
verges have an important, supplementary nature function for this group.

Various mammal species are found on road verges, including eight mouse/shrew
species. For the field mouse (Microtus arvalis) — which used to be the scourge of
agriculture in the Netherlands — road verges make an ideal biotope. The general occurrence
along roads of the kestrel (Falco tinnunculus) — which preys almost exclusively on field
mice ~ is a fine illustration of this. For birds, road verges are especially valuable as a
foraging area. The starling (Sturnus vulgaris), rook (Corvus frugilegus) and various species
of seagull (Laridae) can be observed on herbaceous verges, sometimes in large groups.
Invertebrates are a rich source of food for many species of song birds. Unfortunately,
Dutch road verges also present a potential danger to birds: large numbers are killed by
traffic, estimated as many as a couple of million each year (Tempel, 1993). For some
species, such as the dark-breasted barn owl (Tyto alba), road verges are a threat to the
survival of the Dutch population. Focused measures — such as more frequent mowing of
the vegetation — are aimed at reducing the risk of traffic kills.

S. Road verges as connecting elements

Road verges can accommodate relatively high nature values. Given all the adverse
effects of infrastructure on nature and landscape, this is clearly a positive aspect. However,
more can be done with the knowledge gained concerning the potential of such verges. The
reason for this is that management and configuration focused on nature and landscape
produce possibilities for the further development of existing nature values. The
optimisation of nature values on road verges could lead to the better use of their function as
a conduit or corridor for fauna, and perhaps also for flora. This would allow verges to play
a larger role as connection strips, and thus contribute to the development of an ecological
network at various spatial levels. So far, the activities of the Public Works Department
have been strongly focused on counteracting fragmentation caused by infrastructure,
especially by reducing the barrier effect of roads. This has already produced important
results: fauna provisions have been realised along highways, and compensating for lost
nature values has started to become increasingly accepted in actual practice. A more
integrated, ecological approach to roads takes more account of the surrounding landscape
and operates from a perspective in which the (potential) functions of road verges for nature
— and also for other aspects, such as environmental hygiene and the landscape — plays a
role. Part of this involves taking the fauna and the adaptation of the road-verge
management into account.

In the coming twenty years, the Netherlands will realize tens of thousands of hectares
of ecological connection zones as part of the Ecological Main Structure. These zones will
cross roads at many places, sometimes over a width of tens of metres and sometimes over a
width of hundreds of metres. It is a task and a challenge to create not just narrow fauna
passages at these places, but to try to connect the ecosystems on each side of the road as
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well as possible. In this context, road verges can play an important role.

6. Conclusion

Roads and traffic have a highly adverse effect on the environment. Each new road
must in the first instance be regarded as a damaging intervention in the landscape. From a
nature protection point of view, it is undesirable to construct new roads. In nature areas, the
closure of existing roads should be encouraged. Given society’s need for good
infrastructure, roads must be fitted into the landscape as well as possible. In this respect,
existing roads could do with considerable improvement.

In the present landscape, road verges can have a high nature value. Such value is only
relative, however, and is strongly related to the ecological destruction of the major part of
the hinterland. In countries where the loss of nature and landscape is less serious than in
the Netherlands, there is no or only very little interest in road verges.

In the Netherlands, many road verges are surrounded by intensively managed
agricultural landscape with very low botanical values. The verges are the last refuge for
extensively managed, semi-natural vegetation types and thus make an important
contribution to nature protection in the Netherlands.

Many rare species are not found on road verges, because the verges are continually
disturbed, there are many edge influences, and the sustainability of ecologically valuable
situations on them is never assured. Such verges can therefore never take over the function
of large nature reserves. Therefore, attention must in the first place go to such nature areas.
The limitation of nature protection to nature areas alone, however, is not sufficient. Also in
the immediate surroundings of man, optimal ecological quality must be sought. The
ecological significance of road verges in the Netherlands justifies great efforts towards
correct management, also in this context. For instance, it is possible to do something to
compensate for the ecological values that were destroyed in the construction and
maintenance of roads.
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1. INTRODUCTION

There has been in recent years, a greater focus on conserving the ecosystem when
developing road network. A concept of ecological netwrok aims at conserving the
regional ecosystems by linking remained habitats(In this paper, the term “habitat” is used
as an area or an environment where species or a group of species live). (Figure 1.)

Roads are considered to decimate and divide habitats (Figure 2-a) or form obstacles to the
links between the habitats (Figure 2-b). There is a need to avoid and/or minimize these
impacts.

On the other hand, there are various green
spaces in the roads. In heavily urbanized areas
where natural environment is decreasing, a
substantial amount of green spaces is provided
by road areas. Considering this road area as
part of the ecological network, we think that
the road development can contribute to the
formation of an ecological network (Figure 3).

Core habitat

Linkage of habitats with

ecological corridor

: Figure 1. Image of Ecological Network
This paper shall clarify
the relationship between 4 Road
the roads and the - Dorshabitat
ecological network.

Based on the relationship,

Core habitat

the authors examine how ‘ | Ecological corridor

the road projects could be ) )

: : a) Disappearance and division b) Impediment of connectivity between
n harmony with the of core habitat habitats by cutting ecological corridor

regional natural
environment, and
contribute to the
development of the
ecological network.

Figure 2. Negative Impact of Road on Ecological Network

Core habitat

Road space utilized

Road & as ecological corridor

Figure 3. Positive Effect of Road on Ecological Network
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2. NATURAL ENVIRONMENT AND ROAD DEVELOPMENT IN JAPAN
2.1 Advancing Urbanization and the Environment

Urbanization advanced rapidly in Japan since the 60’s. Notably Tokyo and other
metropolitan areas gatherd population and industry, urban areas sprawled without adequate
infrastructures nor comprehensive land use plan. For example, the Tokyo Metropolitan
Area has densely inhabited districts with a radius of 50 to 60 km, and developed areas
continue beyond the boundary intermittently.

In such suburb area of a large city, urban and natural areas coexist in mosaic. Often these
small natural areas do not benefit from legislative protection and are threatened for
destrcution. On the other hand, the social need for nature conservation became popular in
such area.

2.2 Road Development

Japan’s modem road system is rooted in construction of first expressways commenced in
1963. About 7,000 km of expressway will be in service by the end of 1999.

Still, the development of road system has failed to keep pace with the rapid rise in traffic
demand induced by the expansion of urban areas. Traffic congestion and other traffic
environment problems still exist. Ring roads, in particular, are not developed enough to
cater for the great traffic demand in the cities. A lot of roads, including the high standard
highways, are planned to be constructed in the subub areas of the metropolitans.

2.3 Development Projects and Conservation of the Environment

In Japan, where 70% of land is mountaineous, most part of the planes are already
urbanized. The remaining natural areas within and outside of urban areas, therefore, are
very important for conservation of rare ecosystems and biological diversity. Also, the
residents in the cities must have opportunities to be in touch with nature in their daily life.
Usually, the natural areas in the cities and suburbs are human-managed secondary forests
and fields, that were very common until recently. Protection of such areas is difficult to
obtain unanimous agreement. Pressures for further urbanization is very high for such
natural areas.

To implement infrastructure projects while keeping the balance between conservation and
development, we need to incorporate the view from ecosystem conservation in the land use
planning that has been mainly based on the needs of human society and economics. The
concepto of “the ecological network” is the answer to such balanced planning.

3. ECOLOGICAL NETWORKS AND ROAD SYSTEMS
3.1 Structure of Ecological Network

The underlying principle of ecological networks is the conservation of the overall regional
ecosystem, through conserving important wildlife habitats and linking them physically
with ecological corridors.

An example is the Nature Policy Plan of the Netherlands that proposes zoning of such
areas; 1) core areas, 2) nature development areas, and 3) ecological corridors .
These areas are defined as follows:
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1) Core areas: Arecas which contain core habitats that should be preserved because they
are indispensable for preserving the regional biota.

2) Nature development areas: Areas surrounding the core areas are selected, the
quality must be improved to preserve or expand the core areas, and the areas will be
integrated into the core areas in the future.

3) Ecological corridors: A space to provide mobility between the core areas and/or the
nature development areas that are fragmented, and to be developed for the purpose of
facilitating new migration or dispersion routes for animal and plant species.

3.2 Planning Process of Ecological Network

The ecological network plan can be considered as one tool to implement strategic
infrastructure development that will achieve conservation of regional ecosystems.

The planning process of ecological networks has not been established in Japan, although
more interest is paid in such plan. In the following sections, the authors propose the
planning process of ecological network, based on the precedents found in the Netherlands,
and adjusted with conditions and data availability in Japan.

The planning process calls for information on the natural and social environment (i.e.
restrictions on the land use, infrastructure development plan, etc.). However, in Japan, a
database of natural environment is still under preparation. Information that is availabe
nationwide basis includes vegetation maps at the scale of 1/50,000 and information of flora
and fauna distribution at the prefectural level. A comprehensive ecological plan has not
been realized yet, nor there exist established coordination process between the sectoral
plans such as road, river, and park projects.

Considering such condition in Japan, the authors propose a planmng process that would
follow three stages as explained below, so that the information gathering about the natural
environment and the coordination between different project plans are realized efficiently.
(1) Grand Design of Ecological Network '

Based on publications about the natural and social environment, first we should plan the
layout of the core areas, the nature development areas, and the ecological corridors.
When selecting the core areas and the nature development areas, in addition to analyzing
the value of existing habitats, we should assess the potential for creating new habitats
based on existing urban and other land use plans.

(2) Basic Plan of Ecological Network

Within the region which is the focus of the ecological network plan, specific areas for
implementation should be selected for field survey. Field surveys collect information on
the natural environment, and adjustment should be made with other related land use plans,
in order to finalize the selection of the core areas, the nature development areas and the
ecological corridors.

(3) Development Plan of Ecological Network

A content of each project designated in the development plan is studied in detail by the
different institution responsible for the field. In Japan, projects such as “Eco-road”
projects and the ecological river improvement projects have already been implemented.
In these fields, much experience has been accumulated, and technologies and practices can
be applied to the conservation of natural environment. These existing technologies and
practices can be used in ecological network projects.
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3.3 Case Study on Grand Design of Ecological Network

To clarify the relationship between the Ecological Network and teh road projects, the
authors carried out a case study in a northern district of Yokohama City, Kanagawa
Prefecture.

Yokohama City, famous for the largest port in Japan, lies 20 to 30 km south of Tokyo and
has a land area of 434 km®. The study area is an area of 247 km®.  Once the city’s interior
hills were covered by forests and fields, extensive urbanization during the rapid economic
growth cut back 9,740 ha of vegetation in 1965 to 3,759 ha by 1995.

In the following sections, the authors explain an initial proposal for integrating the
ecological network within the study area with road development plans, as an exercise to
study how the ecological network plan can be applied in the future. Thus the plan
referred to in this paper is not to be implemented by the City of Yokohama.

Figure 4 is a schematic drawing of the ecological network plan formed for the case study
area. A certain lot of green space was selected as core areas and agricultural lands were
chosen as nature develpment areas. Most other areas had been urbanized. Yokohama’s
heavy urbanization caused extensive fragmentation of wildlife habitats. In forming a
viable ecological network, the ecological corridor is crucial element. In fact, in most part
of Japan where habitats are patchy and fragmented, planning of ecological corridors must
receive high priority among other issues.

‘ |Third Keihin Expressway

2 )
B T 20 e

Key

-Core area

Ecological
corridor

e Main road

Figure 4. Ecological Network Grand Design (Case Study in Yokohama City)
(see page 90)

— 167 —




H.Ohnishi

3.4 Role of Road Projects in Ecological Network

Our ecological network grand design (hereinafter called the grand design) provides useful
information in planning road projects as follows. When a new road project is planned, the
ecological network plan can be taken into account for selecting a route so that the new road
will not pass through core areas. Also, for existing roads that are in service, locations
where the roads impede the of ecological network, as well as areas that can be utilized for
the development of ecological network can be identified by assessing current roads from
the perspective of the ecological network plan.

For example, Spot I in Figure 4 could be a core area, that has been divided by the
Hodogaya Bypass. The number of animals that are killed on the road should be surveyed
and appropriate measures should be studied to rebuild and link the divided habitats.

In Spot II in Figure 4, the core areas are fragmented by residential areas. The behavior of
species should be surveyed in this case, and if necessary, the slopes and green space along
the Third Keihin Expressway need to be integrated into the ecological network to enhance
animal mobility.

In Spot III in Figure 4, street trees and parks provide green space. Here, the migration
and habitat location of birds should be studied, and street trees should be planted further
more, to strengthen the function of ecological corridors.

As discussed above, roads may have two opposit impacts on ecological network: one is the
fragmentation of ecological networks, and the other is the potential for development of
ecological networks using road areas.

In this grand-design stage, however, detailed information about habitats or species
distribution is not available. The plan itself need detailed study for the planners to
coordinate with related plans such as local road development projects. Detailed study for
ecological network is the task of the next stage, an ecological network basic plan.

4. MITIGATION FOR FRAGMENTATION OF ECOLOGICAL NETWORK BY
ROADS

Road construction creates impacts on the ecosystems through destruction of habitats by
alteration of land, changing micrometerologic phenomena, or in other ways. However, by
far, the most significant impact is restricting or impeding movements of animals, in other
term fragmentation of the ecological networks. Here, the authors elucidate the impacts of
restricted migration and propose remedial countermeasures using data from our surveys.

4.1 Impact of Fragmentation of Ecological Network by Roads

If the movement between habitats is impeded, the number of species may decrease because
animals cannot access their drinking and feeding areas. Furthermore, if the movement for
breeding or expansion of territory is impeded, it may result in prevention of breeding and
genetic weakening due to severance of mating, which may lead to endangering species.
The fragmentation of ecological network by roads often causes traffic accidents of animals,
which we call “road-kill”. Roadkill is a consequence of animals attempting to secure living
space by crossing dangerous carrigeway of road. Roadkill rates are notably high in urban
and suburban areas where habitat fragmentation is often seen and where no alternative
passages exist between the separated habitats.
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For reference, roadkill data collected by Japan Highway Public Corporation is presented in
Figures 5 and 6.
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4.2 Mitigation Measures against Fragmentation of Ecological Network by Roads

The first measure to avoid the impact of fragmentation of an ecological network by roads
is to select an appropriate route that does not pass through habitats. If the road inevitably
passes through a core habitat, or crosses with an ecological corridor, the affected area
should be minimal, and appropriate road structure should be adopted to ensure the mobility
of animals. In such cases, tunnels or elevated roads are favorable compared to
embankments or cuts.

To prevent fragmentation of ecological network, it is most effective to select appropriate
routes and road structures as shown above.

Since developed areas and natural areas exist in mosaic in suburbs of Japan. it would be
difficult to choose road routes that would not fragment any habitats. It is also not feasible
to make all roads in underground tunnels, or on elevated beams.

When the impact on the natural environment cannot be prevented through route selection
or road structures, it is necessary to install artificial corridors that will allow animals to
cross the road safely in order to mitigate the impact. Facilities for animal crossings
include elevated passages (over bridges), tunnels under the roads (box culverts), and water
pipes (corrugated pipes). These facilities are not installed primarily to promote the
mobility of animals, but usually installed in order to cater for the existing local traffic and
to allow waterways and streams to flow.

Figure 7 shows the results of our survey on animals usage of box culverts, corrugated pipes,
and over bridges which were installed across expressways. According to the survey, even
though these facilities were not installed primarily for wild animals crossing the road,
raccoon dogs, weasels (Mustela itatsi) and foxes (Vulpes vulpes) has been observed. By
effectively installing these structures, the impact of impediment in mobility of animals can
be mitigated to a certain extent.
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Fox/Dog | Surveyed road: Chugoku Expressway
House Cat ( Niimi IC to Toujou IC about 5 km)
Facilities: Box culverts: 20 places
House Dog Corrugated pipes: 6 places
Weasel Others: 5 places
Number of days surveyed:
Fox 7 days in winter time
Asian racooon
0 50 100 150 Note: 'Fox/Dog' refers to cases where it could not be
Total nummber of crossings determined whether the animal was a fox or a dog.

Figure 7. Survey Results of Expressway

The facility’s effectiveness, however, will
depend on the structure of these facilities, the
natural environment around the facilities and the
characteristics of the animals. It is necessary to
build the facilities that suits particular
characteristics of the intended species. Attention
must be paid to the needs of animals such as
installing berm inside pipes for preventing
drawning, and planting shrubs near an entrance
of over-bridges so that animals can hide behind

Figure 8Example of Road—rossm

them. Such measures will increase the efficiency Facility for Animals
of the facilities. - o ' (Eco-Box, Onikobe-Road, National
Many road-crossing facilities have been installed Highway 108)

in mountainous regions where much of the

natural environment remains intact. One of such facilities on National Route 108, named
Eco-box, is shown in Figure 8. The Eco-box has been used by Japanese serow
(Capricornis crispus) living in habitats both side of the road.

5. ROAD SPACE AS WILDLIFE HABITAT

Green space within road area have provided habitats for animals and plants. Since roads
are linear in shape, there is a potential for using green spaces within road areas as an
ecological corridor. In this section, the authors explain research results to discuss about
the potential of roadside areas as habitats.

5.1 Green Space within Roads

Green spaces within road areas are trees and shrubs growing in buffer zones on slope
surfaces and at the open spaces of interchanges and junctions.

Japan’s Road Structural Ordinance mandates green belts of standard width of 1.5 meters
along trunk roads in urban area and in area of scenic beauty.

Buffer zones along trunk roads in residential area mitigate impacts of traffic noise and air
pollution, and mitigate scenic impact. Administrative guideline defines the buffer zone as
10 to 20 meter wide; including a service road and noise barriers besides planting area
within the width.

The expressways in Japan are often elevated or depressed with embankments and cuts to
avoid intersection with local roads. To allow effective land use and to reduce the project
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costs, the embankment slopes has steep 30 degree gradient, and cut slopes has steeper 40 to
50 degree gradient. Soil is not rich on such cut slopes compared to the embankments,
therefore planting of trees is not suitable on cut slopes. Planting on slopes was originally
implemented for its scenic benefits and easier maintenance of the slope. But in recent
years, tree planting is promoted for the function of absorbing carbon dioxicide and
contribution of prevention of global warming.

Erosion is a more serious problem on cut slopes with a shaper gradient than on the
embankments, a solution has been found in extensive forestation. Surface vegetation was
originally implemented for its scenic benefits and ease of continued maintenance, but in
‘more recent years, has brought the added benefit of working to reduce the impacts of
global warming by adjusting carbon dixoide levels.

5.2 Ecological Function of Green Space within Roads

Since roads are long and linear, they may function as linear ecological corridors that link
the habitats along the road. The green spaces within road area is exposed to different
environment from ordinaly natural habitat. Some difference include the impacts of
regular maintenance such as clearing of undergrowth and trimingof trees. Other impacts
include heat, dust, inflow of drainage water from the road surface, and traffic noise.”
Moreover, the green belt areas are generally narrow, with the widest at 10 meter, and are
fragmented in length of 100 to 250 meters. Such long, narrow, fragmented spaces are
susceptible to the influences from surrounding environs, and do not usually support interior
species.®

However, these green spaces can be a habitat of edge species that mainly use boundaries of
different environs. Therefore such spaces can contribute for population sustainability and
biological diversity specially in urban area that has little natural habitat.

5.3 Examples of Utilization of Road Space as Habitat

There is not much information about how road space is used as habitats. Here I present
what is known so far about the ecological function of green spaces within road space, using
the results of a field survey conducted by the authors and others.

(1) Green Belt in Buffer Zone

1)Vegetation as base of habitat

The authors surveyed several buffer zones of various age. Figure 9 presents a cross
section of typical buffer zone. In buffer zones aged more than a decade, vegetation layers
of different heights and soil with accumulation of fallen leaves are already developed.
Seeds of local species, that appear to have been carried in from the surrounding forests by
birds, had grown to saplings.

2)Insects

The authors conducted field surveys in spring and autumn. About 300 insect species
were found at greenbelts in buffer zones mainly comprised of evergreens . In certain
buffer zones, there was greater variety of species found compared to the woods of nearby

parks. Limited area of green spaces within road areas would sufficiently function as a
habitat for insects.
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Figure 9. Vegetation of Buffer Zone

3) BirdsThe results of the field surveys”® show that many birds were using the buffer
zones, though the zones vary in size, and the surrounding environment differs from
location to location. Especially in those green belts where forestation is old and forest
structure is developed, numbers of species were observed. Some fed in the green belts
during breeding season.

4) Buffer Zones as a Habitat

Most of the insect species identified in the buffer zones were identical to those in the
contiguous areas. In one location, a comparison of insect species composition found in
green belts on both side of the road showed that the green areas on the same side contained
the similar composition of insects. The result explains that the green belts functioned to
expand the distribution of insects. Those study illustrates that the green belts in the buffer
zone, together with the connected surrounding environment are functioning as an
ecological corridor.

As for birds, many were observed moving frequently between the buffer zones and
connected areas. This indicates that the birds do use the buffer zones as apart of their
habitats.

(2) Greenery on Slopes

1)Vegetation

The authors conducted a survey on the vegetation types on slopes of expressways which
had been constructed about 20 years ealier. Eighty five per sent of the vegetation that had
been planted on the cut slopes consisted of > Japanese pampas grass (Misconthus sinensis)
and bamboo grass (Pleioblastus chino var. chino) On the other hand, on the embankment
slopes, oaks (Quorcus mysrsinifolia) and other evergreen broad-leaved trees, and
deciduous trees such as the Japanese genius Zelkova (Zelkova serrata) were planted.
When other types of trees are added, about 50% of the green space were wooded, 36% was
grassland. Figure 10 portrays an example of a forest-type embankment slope.

In the forest floor on the wooded embankment slopes where tall trees had been planted,
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many species carried by birds are observed. Several seedlings, evidently originated from
surrounding areas, had grown to saplings to medium height in the 20 some years since the
roadway construction. In future, these trees will serve as seed sources, and contribute. to
further dispersion. Seed distribution by birds depends upon theflight speed and the length
of time the seeds remain in the bird’s body (usually a few minutes to a few 10 minutes).
The seeds are usually carried over several hundred meters by birds. As such, even the
limited size and fragmented nature of the green belts in road areas do not prevent the green
belts function as interim corridors for the promulgation of plants.
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Figure 10. Example of Profile chart of Embankment Slope

2) Soil organisms

On cut slopes covered by grass, the age of teh slope did not affect the number and
composition of species’”. On embankment slopes, however, older slopes had more
species.  Also on embankment slopes, forest type slopes supported diverse soil organisms
compared to grass type slopes. It is reported that the forest type slopes shows higher
naturalness compared to the grass type ones when evaluated a naturalness index that use
soil organisms for calculation. In the same report, the naturalness index of the forest type
slopes was close to the forests outside of the road area.

Most of soil organisms live in surface layer rich with organic sediment. If the soil is rich in
organic substances, the slopes could provide a good habitat to soil organisms.

3) Birds

Japanese tits (Parus major) and Japanese white-eye (Zosterops japonica) are observed on
the forest slope. On the grass slope, Japanese skylarks (4lauda arvensis) and Japanese
bunting (Emberiza cioides) are observed. It is clear, therefore, that different birds are
attracted based on the vegetation on the slopes.

Some birds observed on the roadway slopes were not seen in the roadside areas within 250
meters. These species are considered to have traveled from more distant woods. If this

hypothesis is true, the slopes are functioning as stepping stones that link different bird
habitats.
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4) Slopes as habitats

The road slopes have the potential for functioning as wildlife habitats depending on the
quality of the soil and vegetation. From the survey of birds, it was observed that the
slopes as stepping stones are functioning as a part of an ecological network

6. Conclusion

In this paper, the authors presented the method for promoting the road projects in balance
with the conservation of the regional natural environment Initiatives such as this
Ecological Network strategy are most crucial in the suburban regions where conflicts
between development and conservation are serious. The planning method of the
Ecological Network, adjusted to the current data availabilities in Japan, was experimented
in a case study. We also explained the impacts of roads on the fragmentation of
ecological network and the mitigation measures to reduce the impacts. We illustrated the
use of roadside green spaces by wildlife and the potential of these spaces to contribute to
establishing the ecological network.
While the research and implementation of the Ecological Network is still in the phase of
accumulating experiences, it is clear that by providing wildlife habitats within the road
* areas the road development in harmony with the natural environment shall be realized .
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1. INTRODUCTION

The name the Netherlands indicates that our country does not have much geographic
relief. Our highest “mountains” are at most about 320 meters above sea level. The
western parts of the country lie well below sea level. Without dykes and dunes this region
would be a coastal flood plane. The Dutch knowledge of water management is famous all
over the world. Also in nature protection this knowledge is essential, as 1 will explain
further on. In a country where a mole-hill is called a mountain, knowledge of water
streams, both below as well as on the surface is crucial. Groundwater-streams dictate a
lot of our acting in nature protection. In fact this knowledge even created a new science in
the Netherlands: eco-hydrology.

Our country is one of the most densely populated countries on earth. Our agricultural
export ranks number three on the world list, whereas in surface we rank only on number
121. In fact the agricultural area abroad on which the Dutch agriculture depends, is
estimated the size of France!

A long history of reclaiming land for agriculture lies behind us. After the
deforestation native primeval forests, which started well before Christ, an intense use of
the remaining nature started. As a result heaths, polders, inland dunes, meadows,
marshlands, coppice woods etc. developed into a species-rich, small-scale cultural
landscape. Most of our rare plants and animals are typical for this former relatively intense
use or are developed in secondary vegetation successions later on. As a consequence most
of our nature reserves contain these former culture-landscapes. In the old days this richness
were only the by-product of that relative intense old use. Nowadays we value these
landscapes for their beauty and their richness of species. Management of these landscapes
is in fact mimicking the old ways of use, sometimes in a new way and mostly quite costly.

Our modern western society puts an enormous pressure on our nature reserves. High-
tech agriculture, expanding cities, intensifying traffic, enormous pollution of air, water and
soil pose a serious threat to the remaining natural values.  In the following pages I can
only draw a rough outline of the Dutch nature protection. Thereby I shall focus mainly on
the situation of Dutch NGO’s. The examples used here all come from the southern part of
the Netherlands thus illustrating a vast variety of actions that the provincial Landscapes
take to protect nature and to realise the Ecological Main-structure.

2. DUTCH NATURE PROTECTION ORGANISATIONS

In fact there are three major parties involved in the corner of the non-governmental
nature-protection organisations: landowners, action groups and private data-collecting
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organisations.
2.1. Land-owners.

The biggest landowner is the government. The State forest Department owns about
220,000 hectares and is the oldest nature-protection organisation in our country. In fact the
Forest Department celebrates her 100-th birthday this year! The true NGO’s consist only of
two organisations: the Vereniging Natuurmonumenten (Society of Nature-monuments)
owning about 79,000 hectares (founded in 1905) and the twelve provincial Landscapes
(founded between 1930 and 1986). The Landscapes together also own about 81,000
hectares. Further on more information is given. Some smaller foundations or organisations
own smaller areas. Others (water-producing companies, private landowners, municipalities,
the military etc.) own about 220,000 hectares. Lastly farmers (mostly concerned with
gaining money) own some two million hectares of which only a small fraction is
administered as  “nature”, mostly areas for meadow-birds.

2.2 Action groups

On a national scale several organisations are active (Stichting Natuur en Milieu,
Milieudefensie, WWF,Waddenvereniging). In each Province there exists a co-ordinating
organisation (Milieufederatie: Environmental Federation). Mostly these federations co-
ordinate the collective actions or organise action on a provincial or supra-provincial scale.
On a more local level hundreds of action-groups are active. Some are very specialised (for
instance actions against a single motorway etc.). Some are more comprehensive and study
a vast array of subjects (natural history, local history and geography etc.). Some of them
are real action groups; others are more study groups. Only the national and provincial
organisations can afford to pay co-workers. Most local groups consist only of voluntary co-
workers.

2.3 Private data-collecting organisations

These organisations are active mainly in gathering information on distribution, ecology,
protection etc. of several taxa of plants and animals. They mostly are clustered on a
biosystematic ~ basis. The most important ones are:  Vereniging  voor
zoogdierkunde/zoogdierstudie (Mammals), Vereniging Das en Boom (Badger, Marten,
Hamster), VLEN (Bats), SOVON, Vogelbescherming (Birds), RAVON (Reptiles, Amphibians,
Fish), European Invertebrate Survey (mostly Insects), Vlinderstichting (Butterflies),
Nederlandse Entomologische Vereniging (Insects) and FLORON (Vascular Plants).

Most of these groups started as a study-group with the sole aim of gathering data on
distribution of their plant- or animal-group. In the Netherlands we do now have a detailed
atlas for each of the important groups of animals and plants. For birds and
reptiles/amphibians we do even have several atlases dating back from the seventies. Most
atlases use the national grid, and are detailed on a 5 square kilometre scale. In the
following-up of these mapping plans, monitoring-schemes started in the 1980- and 1990ies.
Most distribution-maps are made by computer nowadays. Most study-groups build up a
vast amount of data on thier specific study-object. This information now is essential in the
battle against forces that attack nature in general. The information that is brought together
often is the basis for actions of the NGO’s. Knowledge of distribution of plants and
animals is also essential both in internal and external management.
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At present several tens of thousands of people gather information on a voluntary basis
as a hobby. Monitoring routes are monitored, some even on a weekly or monthly basis.
Professionals in the respective organisations collect these data and bundle them in an
annual report or for the purpose of a new atlas. Annually all this information is gathered in
a kind of State of the Nature (Natuurbalans), thus measuring the “pulse of Mother Nature”.
Conclusion so far: She was very ill in the early 1980ies. In the past years she recovered a
little bit and recovery will take a long time. This information is essential for making
provincial, national and international policy-plans on nature-protection. '

3. ORGANISATION OF PROVINCIAL LANDSCAPES

Each of the twelve provinces has its own provincial Landscape. Eleven of them are
organised as a foundation with contributors. One (It Fryske Gea in the Province of
Friesland) is organised as a society with members. In all some 230,000 people support our
organisations. The twelve Landscapes themselves are organised in the “Unie van
Provinciale Landschappen”, the Union of Provincial Landscapes. The twelve provincial
Landscapes are all twelve independent entities. The Union tries to cover all of the mutual
interests and has a mandate to negotiate on a national level with the national authorities.

3.1 Finance

In a grand total the Landscapes are mostly dependent on subsidies from the state and
provincial authorities (about one-third). Yields from the nature reserves brings in some
20 % (timbers, hunting- and fishing-rights, rents, etc.). Sponsoring by the national
Postcode-lottery brings in 25 million guilders and last but not least stocks and shares give
about 12 %. In all our budget is some 80 million guilders annually. Apart from this,
subsidies are given by the national and provincial authorities for buying farmland and
nature areas. Also subsidies can be obtained for renaturation, restoration or development-
plans.

The Society of Nature-monuments (one of the founders of the national Postcode-
lottery) is almost self-supporting as far as this is concerned. But still they like to receive
subsidies for their activities.

On an annual basis operating costs take about half of our budget. For housing and
administration some 15 % is spent. Information and education take 10 %. When some
money is left we try to build up some securities by saving.

3.2 Main actions

Our work is divided into two main activities. The internal works mainly consists of
the ordinary management of the nature reserves (mowing, grazing, cutting sods, regulation
of water, nature-restoration etc.). Other main activities are raising funds, education and
buying areas (agriculture as well as nature). The internal management lies beyond the
scope of this article.  In the context of this article the external management is of greater
importance. In general one could describe this as: shielding our nature reserves against
“The evil rest of the world”.

If necessary we form for each problem an “occasional coalition” with for instance the
local provincial environmental federation and local action groups. Each problem that we
meet, is analysed at first. If the problem has a national impact a study- or action-group is
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formed on a national level. For instance for most important national policy plans, which
concern our working field, we have been giving comment on first concepts. In fact there is
sometimes a direct contact between the authors of the policy plan. So, already from the
very first start we try to use our influence and to lobby for our case.

4. Establishment Ecological Main Structure in detail
4.1 National Nature Protection Plan, Provincial Plans

In planning the national Ecological Network there was a close co-operation between
the planning persons of the government and the Landscapes. We commented upon the
concept-plan itself and the additional maps in a very early stage, thus having a major
influence on the National Nature Protection Plan. In addition the National plan is worked
out in further detail on a provincial scale. Each Province translated the National Plan in her
own way. Some Provinces added new elements of provincial policies to their plan. For
instance the Province of Brabant expanded the Ecological Main Structure with a provincial
Green Main Structure which in general could be described as an extra development-
protection-plan. In the translation from national level to provincial level the NGO’s have
also played a significant role.

4.2 Regional Plans

The provincial plans in their turn are worked out into regional plans. It is important as
a preamble to know that on a regional scale all of the Netherlands is divides between the
three main landowners, (State' Forest Department, Society of Nature-monuments,
Landscapes). Around existing properties of each organisation there is an agreed buying
area. Within this area one of the tree may buy land at first. If this organisation is not able to
do so, one of the others may buy. So for the final definition of regional plans (a detailed
workout on a 1 to 25,000 km-scale) this division is very important.

So these regional plans are worked out on the basis of the national and provincial
plans. In a working-group with representatives of farmers, the environmental federations,
local action groups, NGO’s, official and civil servants the definitive plan is established.
Only when this plan is approved, the NGO’s can officially purchase the farmland that is
indicated on the annex map, with subsidies from the State and the Province. The Society of
Nature-monuments is financially strong enough to purchase farmland without subsidies.
She does so to be able to barter outside the mapped area for parcels in the indicated area.
The Landscapes mostly can not afford this.

Another important issue that is put on the regional map, are the connecting-zones
between several nature core-areas. These zones are indicated on the map as dotted lines,
indicating the spots where at that moment these zones are judged to be situated best.
Further on the process of realising such zones is worked out info greater detail (see below).

Existing forests, nature-areas, biotopes of endangered species, estates etc. are always
acquirable (except when the annual amount of subsidies is exhausted) and are mostly only
roughly indicated on the Regional map.

In the beginning (early 1990s) establishing a regional plan could be described as a
genuine battle. Farming-organisations opposed completely against any purchasing of
farmland by NGO’s. For each inch of farmland an elaborated discussion took place. Due to
a vast agricultural crisis, the farmer-organisation was forced to take a more realistic
approach. Nowadays the situation is completely different. The “polder-model” (an
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agreement between employee-organisations and employer-organisations to be fare in
handling wages) is also applied here. Apart from a notorious die-hard, most people from
the farmer-organisation agree with this approach. What does this mean? In forthcoming
plans firstly a rough draft is made on a basis of mutual wishes. About 75 % of these wishes
from farmers as well as NGO’s are matching. So there is no problem at all. A further 20 %
is assigned after a thorough discussion. The remaining 5 % is the real problem and has to
be solved by a verdict of politicians.

4.3 Connecting zones

On the regional maps the zones are indicated. In turn these zones are worked out in
detail. Here we have several possibilities. In re-allotments these zones are worked out as an
integral part of such a plan. Re-allocation plots of ground give space ‘to realise these
connecting zones.

Apart from re-allotment-plans it is important whether the zone is a dry or a wet/moist
zone. If a zone is indicated alongside a river, brooklet or canal the waterships or water-
boards are responsible for the realisation of these zones. If it concerns a dry connecting-
zone mostly the municipalities are responsible. Both Civil Services are also responsible
for about half of the finances. The other part is paid mostly by the Provinces. The initiative
for the plan is taken in most case by the Province, sometimes by the water-board and
hardly ever by the municipalities. ’

5. NATURE-RESERVE “DE BRAND”, AN EXAMPLE.
5.1 Introduction

Describing all the activities of all the Landscapes would fill a monumental
encyclopadia. Therefore only a few examples are given in this article to illustrate the way
the Dutch NGO’s act. The examples that will be discussed next come from the southern
part of the Netherlands in the Province of Brabant.

Situated north east of the city of Tilburg in the centre of the Province of Brabant one
can find the nature reserve “De Brand”. The reserve used to be an old peat-bog that was
reclaimed by cutting blocks of peat for heating houses in post-Medieval-times. Most parts
have clay-soils nowadays. In the beginning of this century the area was flooded in winter.
In the sixties a small rivulet was canalised for draining sewer-water of the city of Tilburg.
Today the reserve is drained by this canal. The groundwater-level in the centre of the
reserve has dropped up to one metre. The vegetation consists mostly of semi-natural forest-
stands, meadows, marshes and even small heathlands. Most important animals are the
Badger (Meles meles, very recently reintroduced), Common Tree Frog (Hyla arborea,
biggest population in the southern Netherlands), Warty Newt (Triturus cristatus), many
birds of prey such as honey-buzzard (Pernis apivorus), Blue-throat (Luscinia svecica),
many rare butterflies such as the Chequered Skipper (Carterocephalus palaemon) and the
Purple Emperor (4patura iris). In the reserve many volunteers have made an inventory of
insects. Several species of flies and bugs new to science were discovered. The flora is also
very rich. Rare trees and shrubs do still occur in the reserve. Especially the spring flora
with Wood Anemone (Anemona nemorosa) and Primrose (Primula eliatior) is very
beautiful. Most important are the plant species that are dependent on seeping water. In fact
in the old days the area was one big seeping marsh.

The area is about 1000 hectares in size. Some 450 hectares are owned by the Brabant
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Landscape. The rest is still in use by farmers and estate-owners. In my lecture I will
explain more of the eco-hydrology of this reserve.

5.2 Connecting-zones, an example

In the reserve “De Brand” a connecting zone runs from the eastern part next to the
little canal to an adjacent reserve further downstream. This connection-zone was only
globally indicated on the regional map. The local water-board took the initiative to work
out a plan for realising the zone. Some 45 farmers were affected by this zone, with some
35 hectares. Some areas that the Brabant Landscape possessed, were brought in as well. A
miniature re-allotment-plan proved to be best approach. Normally such a plan takes 25
years or more to develop. Within three years farmers, NGO’s as well as the water-board
agreed on a plan that proved to be beneficial for the farmers as well as for nature and the
water-management. The farmers got parcels with better accessibility and less stress from
floods, the Brabant Landscape could buy parcels as a round off of the nature-reserve and
the reserve “De Brand” was effectively connected with other reserves. Finally the water-
board could more effectively manage the floods that occasionally occur in the area. The
zone was arranged for the benefit of migrating and breeding tree-frogs, badgers and other
animals. Therefore seven ponds were dug. Several thousand young trees and shrubs were
planted accordingly to their natural ecological stands. Guiding landscape-elements were
planted to connect the surrounding smaller bushes, ponds etc. with the connection zone. On
cross-points with local roads, fences and tunnels were constructed to prevent collisions
with badgers, foxes and so forth. An old bridge was removed and replaced by a new one.
The surplus of old concrete bridge-elements were re-used as a hibernating-site for bats.

5.3 Urban development Tilblirg Northeast. “The Leaking City”.

The city of Tilburg is the largest and fastest growing town in the Province of Brabant.
Some 250,000 people live there. The municipality is building many new residential
quarters. In the region between the reserve “De Brand” and the city a plan was made to
build some 13,000 new houses. Most of the houses were planned direct on top of the major
infiltration area of groundwater of the reserve. The original plans took no account of the
value of the present farmland as an infiltration zone for the reserve “De Brand”. Brabant
Landscape protested against the original plans and suggested to value the infiltration-zones
as essential for the survival of the reserve. They suggested an alternative plan under the
title “The Leaking City”. A quick computer-scan of the groundwater-table indicated that
the infiltration-zones stretched out in two distinct zones. The Landscape suggested to build
the new quarters around these zones. And thus it happened. The city of Tilburg made a
new plan with the help of Brabant Landscape, the environmental federation of Brabant and
some local action-groups. While discussing the plan some new ideas rose in the working-
group to use the negative effects of building houses for the benefit of nature. Rain that falls
on the roofs of buildings is normally directed into sewers and is lost for infiltration. In
the new plan this rainwater was directed into a waddi-like system. These waddis enabled
the rainwater to infiltrate into the ground. Thus adding more water to the groundwater-
table. These waddis more-over formed the centre of two parks stretching out in the centre
of the new quarters. So a combination of recreation and infiltration area was created. A
computer-analysis showed that the amount of infiltrating water increase about two to
three-times, thus guaranteeing the influx of good seeping water in the nature-reserve the
Brand. The effect of seeping water stretched out up to some ten kilometres from the city.
So the negative effects of the construction of the new quarters were changed in a positive
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direction.

The approach of the Leaking City drew the attention of the Province of Brabant and
the national authorities and is now used as an example for developing new quarters in other
cities.

5.4 The Green Mould

During the time we were discussing the Leaking City with the municipality of Tilburg
another problem arose. The city of Tilburg intended to complete their ring-road around the
city. Without previously consulting anyone they made plans for a new road straight
through a wildlife area of the Society of Nature-monuments. They presented to us directly
a plan for compensating and mitigating this new road. The NGO’s protested firmly and
supposed another approach. Firstly we convinced the city of Tilburg that they should
analyse their wildlife-areas within the borders of the municipality. By valuing these areas
(some were reserves, others were areas of local importance for nature) it turned out that the
route they had chosen initially, would prove to be very harmful and would cost lots of
money to compensate. In fact three visions were made on the future of nature, arable and
urban areas. By putting these visions together, most problems proved to be non-existing
(see the Polder-model above). The real problems (e.g. differences in vision) now could be
discussed in a fair and open manner. In this process we convinced the City of Tilburg that
they should take their own responsibility in nature protection. They agreed on this, in fact
they took over most of our ideas on the local ecological structure. These ideas were
transformed in a so-called “Green Mould”, meaning that the city and all of its urban
aspects was set in a natural (green) setting, like a gem in a golden ring so to speak. This
metaphor was used to communicate with the local administrators. In the end they declared
their responsibility for some 300 hectares on top of the existing Ecological Main Structure.
Annually they now wish to spend a sum of half a million guilders (5 to 10 hectares) on
realising this “Green Mould”.

This approach also drew the attention from the Provinces and Ministries. Some cities
inside and outside the Province of Brabant used this idea for protecting and developing
their natural environment.

6. CONCLUSION

Actions by NGO’s do result in an effective realisation of parts of the National
Ecological Main Structure. The used “Polder-model” helps us in finding a practical
solution for most problems in nature conservation. Our society has a rich culture of
discussion-meetings. The approach of “live and let live” proofs to be effective. An open
confrontation with all the partners in society resulted in many new ways of handling
problems. Not only the nature-reserve itself is important, the surrounding areas are
sometimes of even more interest. The (ground)water relations are for most reserves of
utmost importance in the Netherlands. Operating as a stand-alone organisation is not
effective. Searching for coalitions with other partners in our society can help strengthening
our position as protectors of nature.

If all of this does not help we may be forced to go to court eventually. In some cases
nothing else will help. If necessary we won’t hesitate to do so.
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Abstract: The primary factor in the impending extinction of many species is deterioration
of habitat. Therefore future development programs must incorporate processes to
mitigate environmental impact if we are to avoid, minimize or compensate negative effects.”
The environmental practice of using "eco-roads" now being adopted through-out Japan
emphasize reduction or substitution mitigation practices. A future focus will be the basic
principle of not routing roadways through core habitats of valuable flora and fauna.
However, where there is no alternative but to build through such areas, the roadway must
include facilities to benefit not Man alone but also the natural environment. Depending
on locale, some consideration must be directed to returning certain roads to nature.

1. Introduction

At this time, one of every four plant species, one of every three mammal species, and
“one in every five species of birds face extinction in Japan. The primary common factor
underlying the crisis to wildlife is habitat deterioration. Much of the damage to natural
habitats results from human activities. Notably, wildlife habitats may be destroyed or
fragmented by road system construction, which effect changes to the natural ecosystem
that bear serious consequences for wildlife.

The essence of solving environmental problems is to protect and restore natural
ecosystem and at the same time to use them in a sustainable manner. Protection of
natural ecosystem is not a question merely of protecting certain species of wildlife: it's
about protecting nature as a whole in all its diversity and with all its local features and
doing everything possible to hold back on economic systems premised upon large-scale
production, consumption and waste. With our eyes on the next and subsequent
generations, we need to take another look at the reality of our car-based society to ensure
the creation of sustainable societies.

2. Road Improvement and Environmental Impacts

The fragmentation of natural ecosystem is an especially serious problem in the
context of road building. Soil is of the essence as far as wildlife is concerned, and a food
chain is established based on eating and being eaten has established the ecosystem pyramid.
This means that even where the extent of destruction from development projects is small in
terms of area, the ecosystem could be destroyed by the impact. This influence is not
restricted to roads: in many cases it is felt over a wide range including areas in the vicinity
of roads in forms such as changes in temperature, humidity, wind force and soil moisture
conditions. :

For example, the Gray-faced Buzzard-Eagle, which sits at the top of the ecosystem
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pyramid, needs around 100 hectares of continued territory space. If a road were built
through the middle of a forest which was home to this bird, even if the road happened to be
narrow and small in area, this would mean that the forest had been divided in two. The
quality of the ecosystem would thus undergo a major transformation and the Buzzard-
Eagle would be deprived of its habitat. Eagles and hawks may appear strong enough in
their position at the pinnacle of the ecosystem, but in reality they are highly susceptible to
destruction of the natural environment (Fig. 1).

Once a natural ecosystem i1s fragmented, not only life forms requiring extensive
territories but the life forms supporting them are lost. Moreover, interrelationships
between the food cycle are stymied by the fragmentation of the natural habitat. This may
result in extensive inbreeding between each species. Extensive road-building is also a
factor in the rising frequency of roadkill accidents. For example, more than 10,000
raccoon dogs are reported as having been killed in road accidents in Japan in 1996. Land-
based ecosystem is based on the soil, meaning that the partitioning of a habitat by means of
a single road is likely to exert an enormous influence.

High-level consumers

Consumers (animals)

Producers (plants) / ‘

Decomposers
(topsoil)

Figure 1-a: High-level consumers such as eagles and falcons who are at the peak of
the ecosystem pyramid are only able to survive where there is a rich
natural environment and plentiful prey.

Figure 1-b: If a habitat is fragmented by a road or is changed into a residential area
or farm land, there is a immediate drop in its quality. It is precisely the
eagles and the falcons, i.e. high-level consumers, who are first affected by
this decline.

3. The "Mitigation" Approach

The problem of negative impacts on ecosystem due to roads is obviously not
restricted to Japan. In the United States, as in Japan, changes in natural ecosystem and a
higher road kill rate as a result of fragmented habitats are becoming more recognized as
serious problems. Particularly serious is the issue of wetland destruction. In 1780, the
area of wetlands in 22 states when the United States emerged as an independent nation was
more than twice what it is now. Current national policy in the United States is to achieve
"no-net-loss" of wetlands, i.e., to ensure that there is no further loss of wetland, as a gross
wetland area. Efforts are thus being made to protect and restore the nation's wetlands.

Environmental assessment occupies a place in the National Environment Policy Law
enacted in the United States in 1969. Environmental assessment means investigating,

— 198 —



Mitigation for the Age of the Environment

forecasting and assessing .in advance the likely effects on the environment of forms of
development such as road-building. In cases where it is clear that the natural
environment will be harmed, "mitigation" is studied with thought being given to alternative
plans.

Mitigation refers to measures taken to alleviate the destructive impact of development
on the natural environment.

An example of mitigation is when a plan is drawn to build a road through a forest but
the proposed route is subsequently modified to ensure minimal damage to the forest. In
the United States at present, mitigation measures have the following three major
classifications in most cases:

e Avoidance: Avoiding negative effects on nature by canceling development or
changing its location.

e Minimization: Minimizing negative effects on the natural environment by reducing
the development area, etc.

e Compensation: Compensating for negative effects on the natural environment
caused by development by protecting or newly restoring nature elsewhere.

There 1s an order of priorities involved in mitigation, beginning with avoidance and
moving down through minimization and compensation. Mitigation thus begins with
study of avoidance by means of changing the route. If, however, it proves impossible to
avoid negative influence on the environment within the plans for the project, consideration
is given to minimizing this influence, and finally to compensating for it.

One striking example of avoidance is the dam project planned by Denver water
authorities to provide water for Jefferson-Douglas County in Colorado. A certain degree
of compensatory mitigation was proposed at the point of the environmental assessment, but
on November 23, 1990 the Environmental Protection Agency vetoed the project on
grounds that it would result in serious destruction of the wildlife habitat. The wildlife
could not be relocated elsewhere. The same opinion was expressed by the U.S.Fish and
Wildlife Service of the Department of the Interior, and consequently, permission for
development was canceled and the dam construction project withdrew. There are
numerous other examples.

Compensatory mitigation involves restricting any negative effects to the minimum
and then compensating for whatever negative effects still remain. Compensatory
mitigation may be on-site (i.e. compensating within or close to the actual development site)
or may be off-site (i.e. compensating at a distant site). Depending on the wildlife
involved, mitigation may be "in kind" (i.e. restoring a similar natural environment) or "out-
of-kind" (i.e. creating a different type of natural environment).

The United States has a well developed "mitigation banking" system. The idea of
the system is not to compensate for environmental destruction from developments, but to
register in advance which natural environments are of high value and require protection.
When development occurs that has negative impact on the natural environment, the
developer can purchase the registered land with his own funds as a form -of compensation.
The area is not pre-set, but is generally several times larger than the area which is going to
be affected by development.

In Europe, initial work had begun to preserve biodiversity as a way in which to deal
with destruction of the natural environment by roads. In Germany for example, to ensure
that the country's Autobahn, an expressway does not fragment natural habitats, planners
create covered roads with biotopes above them and with tunnels for small animal passage.
Other measures include the planting of trees and plants on both sides of the road to create
natural belts to function as ecological corridors providing links between the biotopes.
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Germany has a system of ecological compensation for adverse effects on the natural
environment. The system in question is known as Eingriffsregelung ("intervention
regulation”) and is provided for in detail in the federal and state governments' versions of
the nature preservation law. It is applied in cases of road-building accompanied by large-
scale destruction of the natural environment and in farmland improvement projects.
Although the first principle is avoidance of adverse effects, companies are responsible for
providing 100 percent or more compensation for any adverse effects which may be
unavoidable. Road-building in Germany gives priority to the protection of nature on the
basis of this system rooted in law. (See Photograph 1)

Photograph 1.
A road in Germany passing under artificially
piled ground upon which a meadow has been
created.

4. Measures Underway in Japan

Following on from Europe and the United States, the Environmental Assessment Law
was finally enacted in Japan in June this year. The ordinances issued by the competent
government authorities responsible for projects subject to assessment refer in detail to total
assessment of ecosystem and the "mitigation" approach for alleviating effects on the
environment.

In 1994, the Ministry of Construction issued the "Environmental Policy Principles” to
clarify the basic approach to environmental policy in the 21st Century. The Principles
include this passage: "In surveying route options and determining road structures,
decisions must be made in ways that blend with nature, and due consideration given to
regional environments including the distribution of flora and fauna."  Another passage is,
"Outstanding natural environments must be preserved to the extent possible, and mitigation
measures taken to effect regeneration to alleviate and eliminate effects on the
environment,"  "Eco-roads" and other environmental policy measures on road
construction currently implemented in Japan, emphasize mitigation practices such as
installing corridor for wildlife movement and reduction and compensation using vacant
sites such as interchanges. However, it will be necessary in the future from the planning
stage to study projects to allow for the possibility of cancellation and to select routes that
impose no burden on natural ecosystem.
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5. NGO Activities

A long awaited bill in support of specific non-profit-making activities (a.k.a., NPO
Bill) was finally passed last year. This means that organizations active in any one of 12
non-profit activities including environmental conservation, health and welfare, and
international cooperation are now able to incorporate with more relative ease. Following
the law’s enactment, it is expected that non-governmental organizations will be able to
play an even greater role than at present in nature conservation.

As an environmental NGO of the policy proposal type, the Ecosystem Conservation
Society-Japan is involved in various activities from the standpoint of protection and
restoration of natural ecosystem.

The Society holds international forums every year to introduce programs conducted
overseas for the conservation of natural ecosystem. Front line activists and field experts
are invited to address the forums. The content presented hitherto have featured such
topics as biotope networks, ecological networks, and rivers in the 2l1st Century.
Mitigation was the subject of this year's forum. The forum is widely attended each year
and is proving increasingly influential. ~Speakers invited to the symposiums on ecological
networks have included Graham Bennett of the Institute for European Environmental
Policy and, from Germany, Josef Blab from the Institute of Biotope Protection and
Landscape Ecology of the Federal Department of Conservation, who introduced the most
recent data on ecological networks in Europe. With regard to ecological networks, the
Society published in 1995, a Japanese translation of "Towards a European Ecological
Network," which explains the concept of ecological networks in Europe as originally
published in 1991 by the Institute for European Environmental Policy. This book
describes the workings of policies being implemented to conserve nature throughout
Europe.

A qualifications system for "biotope management specialists" was instituted in 1997
to the ends of training more experts in biotope projects and raising the standards of those
currently active. More than a thousand candidates sat for the examination in its third year,
and the number grows each year. Biotope management specialists are expected to play an
increasingly important role in supporting biotopes and ecological networks by conducting
wildlife surveys and work for appropriate protection and management of ecosystem.

Environmental education courses are sponsored for the general public; these last six
months and meet on ten occasions. These courses provide the general public with the
opportunity to acquire basic knowledge and an accurate understanding of environmental
issues besides making possible participation in environmental conservation activities. An
advanced course at two levels is held for people who have completed the basic course. It
is hoped this course will instill in each participant an awareness of environmental issues as
being of personal immediate relevance and help train people to contribute to the formation
of regional biotope networks. (See Photograph 2)

The Society issues around 40,000 copies of a bimonthly bulletin entitled "Ecosystem"
distributed to its membership as well as to the full members of the Parliament and related
organizations. 90,000 copies of a pamphlet with the title "Oshiete Biotopu" (Tell Me
About Biotopes) written and edited this year have been distributed to primary schools
throughout Japan through the Environment Agency.

These varied activities of the Society have made large numbers of people aware that
conservation and restoration of natural ecosystem are indispensable if humankind is to
create a society in which sustained use can be made by future generations of the natural
resources which are the foundations of existence.

Considerable problems obstruct the activities of Japanese non-governmental
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organizations. These include the inadequacy of preferential tax relief for NGO activities
and the low levels of public awareness in Japan in comparison to Europe and the United
States, regarding volunteer activities and donations. However, NGOs need to play a
major role along with the National Diet and the bureaucracy in protecting the public assets
of the natural ecosystem.

Photograph 2.
An outdoor session on "Surveying the Status of Environmental Destruction" was part
of the Society training program, the "School on Contemporary Environment,
Introductory Level."

6. Conclusion

At present, Japan has 3.04 km of road for every square kilometer of land surface.
We need to also be conscious of the rapid increase in expense of maintaining, controlling
and renovating roads due to their deterioration with the passing of time. The Ministry of
Construction has pointed out that, if matters continue to develop as at present, the
proportion of investment in construction held by maintenance, management and renovation
costs will reach about 50 percent by 2010 and 80 percent by 2030, thus inhibiting new
investment in housing and social capital.

Considering Japan's financial conditions and economic growth, it will be extremely
difficult in future to use vast budgets for construction alone. Future planning of road
building and maintenance must be based on the premise that funds for new investment will
be limited. The effectiveness of road-building in proportion to the costs involved thus
needs to be taken into consideration at the conceptual stage.

When studying potential routes, a full range of surveys must be conducted on the
natural environment, including finding the distribution of wildlife in subject area. Routes
must then be selected on the basis of those results. Environmental measures involved in
Japanese roadways have hitherto been concerned primarily with mitigation involving
reducing or compensating the negative impact on wildlife. Measures usually involve
covering vegetation on slope faces and creating corridors for wild animals. It will be
necessary in the future, however, to adopt a more comprehensive approach to avoid impact
on the habitats of animals and plants facing extinction and to ensure that there is no further
destruction of the remaining quality natural environment.

There are many examples of mountain roads built for the present which have
significant negative impacts on the intrinsically weak natural ecosystems of high altitude
areas. There are also roads seldom used which use could easily be replaced with other
existing roads. We have reached an era when roads such as these can be eliminated and
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the area returned to a natural state. The required technology is yet to be developed.

Maintenance Restoration, Investment
Trillion ven or repair cost cost. for renovation
1 = .
y & it B New investment

1990 2000 2010 2020

Growth rate of total investment:
assuming that the rise in investment is 1.75% between FY 1994 and 2000,
1.50% between FY 2000 and 2010, 0.75% between 2010 and 2020

Figure 2. Transition of maintenance, management and renovation costs expected

Assuming that the rise in investment in construciton is 1.75% between FY ‘94 and FY
2000, 1.5% between 2001 and 2010, and 0.75% between 2011 and 2020, the proportion of
total investment held by new construction will fall from the 1990 level of 76% to 27% in
2020. The White Paper also contains calculations for an assumption of a figure of 0% for
increase in total investment in construction from 1994 onward, in which case new
investment in 2020 would fall to 7.0%. (Source: White Paper on Construction, 1994
edition)
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TAIEOEN - ARR IKC natuur beheer,Ministerie van Verkeer en Civieltechnisch Centrum |, o 00 396 0052
1 |Werkgids Natuurtechniek, Uitvoering van grondwerk BHEEICBET ZVER S A | 1996 |Waterstaat, Directoraat-Generaal Uitvoering Research en 2
K Rijkswaterstaat,Dienst Weg-en Regelgevi
2 |Habitat fragmentation: ERFROSE
W E L URBAIC LS H Ministerie van Verkeer en
3 |Zicht op licht,Lichthinder aangepakt REMERICHTSRK Waterstaat, Directoraat-Generaal
Rijkswaterstaat,Dienst Weg-en
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4 wEBES (BRREE | 1907 [cROW. HOOFDSTUK VA %
NATUURGEBIEDEN i - SRR FEEH ) 2436
INFRA ECO NETWORK EUROPE, 4th ETISEIPEEDN |Road and Hydrautic Engineering Division
5 | meeting,Brig, Switzerland,22-26 April 1998, Reportofthe |7 — 7 1CB4 530w 1908 | ¥ nglacenng W-DWW-98-049
meeting Presentations of the participants INEWRE 410
6 |Natuur over wegen EREESER 1095 Rijkswaterstaat(RWS),Dienst Weg-en ISBN 90 36 93
Waterbouwkunde(DWW) 7027
Habitat Fragmentation and infrastructure, Wildlife Crossings E’E%ﬁﬁm A7 Ministry of Transport,Public Works ax.ld
7 for Roads and Waterways ANSHFH— 1995 {Watermanagement,Road and Hydraulic
4 Engineering Devision(DWW)
284 mER p T IBN-DLO,Ministerie van Verkker en
8 Versnipperind DEEL28,Amfibien en verkeerswegen Een B, AN FB&L Waterstaat,Directoraat-G k
patroonanalyse in Gelderland en Noord-Brabant U/ =NMETZ182 M Rijkswaterstaat,Dienst Weg-en
B l)‘i@kﬁﬁiﬂo) s Waterbouwkunde
$20% | @ElcHIFR Mimstene van Verkeer en
9 Ofus.f\ipperingsreeks PEELZQ,Het gebruik van faunapassages !’J?ﬂﬁn!’)%@mﬁ N ancrstaat,Direcu.)raat-Gemraal
bij rijkswegen,Overzicht en onderzoeksplan EHE L FOBRE Rijkswaterstaat,Dienst Weg-cn
N . £30% 3L 1373 Ministeric van Verkeer en
O h )4
10 msn'lppenngsreeks DEEL30,0verzicht onderzoeksmethoden OREFICET 2 BAS & Waterstaat, Directoraat-Generaal
gebruik faunapassages . .
Rijkswaterstaat. Dienst Weg-en
Ontsnipperingsreeks DELL36,Het gebruik van faunapassages $36% | ASLYEE Waterstaat Directoraat-Ge \
11 |langs watergangen onder rijkswegen in Nederland,Een T@*%Eﬂ@yjfmﬁﬁ Rfk:rs t: ’ m\re;(.)raat . norad
orienterend onderzock BERORR & BEHE “:J ‘i’a rs‘ at,l lenst veg-en
Eg VA Y
12 INFRA ECO NETWORK EUROPE,5th meeting % _ B;J ;f. B/ETZ g _i g w | 1999 Swedish National Road Administration,IENE
L3
Budapest,Hungary 14-17 April 1999,Report of the Meeting NS 5[0 Coordination Centre
TS5 o FOERREILH Ministerie van Verkeer en
13 |Ontsnippering Versnipperd Nederland (42 BIRIBEA~OBRE | 1999 |Waterstaat,Rijkswaterstaat, Dienst Weg-en
(ral Waterbouwkunde
19995 TR SB1TH2S . N .
Weg-
14 | Via Natura,#2-juli 1999,Weg en water M PR(R7E ) SMER & kEE | 1999 &i’:‘;:‘::‘“"':g‘? eg-en ISSN 1566-029x
(DWWiBEES ) kunde@WW)
IEECHITHED ini ic W w
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BEE - KB FRE Ministry of Transport, Public Works and Water
16 |Annual Report 1998 Rijkswaterstaat = ! 1999 |Management,Directorate-General for Public
: Works and Water Management
17 |Second Transport Structure Plan,Part D:Government %2 /BN GH B 1990 Session 1989-1990,20  [ISBN:90 12 07505
Decision, Transport in a sustainable society 922.No.16 X,Order:018785F
18 | VERSNIPPERING & SPOORWEGEN F SIRE T & $a8 NS Railinfrabeheer
. FSFHpraoThn F.J.van Zadelhoff, W .Lammers,Informatie-en Werkdocument IKC
D — KennisCentrum Natuurbeheer Natuurbeheer nr W-93
19 | The Dutch Ecological Network D—4 1995 .
FEDMEA LD 8
20 |Effectiviteit van wildspicgels:een literatuurevaluatie ORELER FORHRD ibn-dlo IBN-RAPPORT 362  |ISSN:0928-6888
#HhER : TR Lk D EFAH
21 The Architecture of the Pan European Ecological Network: Q IJ—0Ow/STI20TH 1999 National Reference centre for Nature
Suggestions for Concept and Criteria IRy b7 -5 DIME Management
. . S . . ERICTHONT LS INH
22 f:::::hahge Natuurontwikkeling in de Praktijk:alle(r) inzet Wi BIXRIHES) - T | 1994 |informatie-en KennisCentrum natuurbeheer f::uc:r:r:hene(rcm . ISSN 0927-958X
' LI RTMEHZTHT
23 |IKC NATURE MANAGEMENT NR B-3a IKCOME 1996 {IKC Nature Management ISSN 0927-958X
. . BYF I RELEHON
24 | VELDGIDS Ontwikkeling van botanisch waardevol grasland WIzBAT 2T 4 — )L KH IKC natuur beheer
R K . FLHUHERDED Information and Reference Centre for Nature
25 ﬁark-belhedt g;em Goose Branta bemicla bemnicla Flyway L— hDRLEHE 1997 IManagement,Dutch Society for the J.van Nugteren
anagement Han . Preservation of the Wadden Sea
X X i L AT I BWTHERRD G.van Ommering,l.van
2 B“:":‘:’: ”I‘}f“:e'ﬂ’”e dagviinders in Nederland Toelichting ﬁm‘:‘ﬁ LTWd¥F3 1995 |IKC Natuurbeheer Halder,C.A.M. van Swaay
Op de Rode Lys V. MERYAMIB & 1. Wynhoff
. . A5 ICENTHRD . A.Aptroot,H.F.van
27 [Ledeeisde ;"Mk;’:‘:i:‘; :‘;’:‘:;’:s;;:“ fSMICH LT BHK | 1998 [IKC natuur beheer Dobben,C.M.van Herk en
i B, BABRUZI IS G.van Ommering
GRAZING IN NATURE RESERVES,FROM BERESXBICBITFIN
28 DOMESTICATION TO DE- W Ministry of Agriculture,Nature Management Hans Kamof isheries,Department of
DOMESTICATION,MANAGEMENT OF VEGETATIONS and F ans Ramp Nature Management
CARE FOR THE ANWSAHQ&AND__FW
29 | The nature conservation act in practice AR EBROME The Ministry of Agricultere,Nature
P Managemento and Fisheries
: F7 272 H135EER . . RAPPORT IKC
- SNV 0929-7014
30 | Voorwoord Samenvatting Summary %5 4 7—E 1995 |Informatie-en KennisCentrum Natuurbeheer Natuurbeheer nr.11 IS
ASHILEVTRRD :
31 Bedr.exgc:.le en kwetsbare p.a.ddestoelen in Nederland Iz B/LT VWA 1096 [IKC natuur beheer E.J.M.mlds & G.van
Toelichting op de Rode Lijst 3. ERERYZAMNZE ) Ommering
1+ 2 =400
A5 LHIZENTRRD .
32 Bedreigde en kwestsbare reptielen en amfibieen in Nederland |f&H(Z# U T L\ 3 RRhi 1996 |IKC natuur beheer gﬁm'}:?im’PiHéC; l(!;:c,fm‘::
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No. Title FAMV (B EFE) 1T RITE ZE Y)—=X ISBN,ISSN
A5 HITBELTRRD
3 Bedreigde en kwetsbare zoetwatervissen in Nederland falicH LTS RRE 1998 |IKC natuur beheer H.W.de Nie & G.van
Toelichting op de Rode Lijst BLUMEE. BHRR Ommering
YR Iz (1B
— = ;
Schetsbook,Nederland vanuit drie A7 > Y =200,
34 |invalshoeken:Biodiversiteit, M n, Kenmerkendheid- Tabb i%d)&&fi p
imalsho ABOBZ. ENEHED
wathss REBE
35 |Nature conservation KEEPING THE NERHERLANDS N7 Lw b Vereniging Natuurmonumenten
36 NETP.lER:LANDS FOR EUROPEAN NATURE Duich ARV 1697 |Working Group European Biodiversity
organizations campaigning for nature conservation in Europe
. L - Fa o RANTEOHIZER
Word d < . g
37 vrord onateur van De Vlinderstichting Laat de viinders FonEFanEEDS De Viinderstichting
iegen Blzh2 Ak
RAVON, 19984 ERAVON4
38 |RAVON, RAVON4 2(1) 1998 2(1) STICHTING RAVON
%
39 {Kwartaalblad van de (I;)’a‘jﬁTMiﬁﬁ#Mﬂ Stichting Het Drentse Landschap ISSN 1380-3263
Announcement 24-26 November 1999 Tilburg,the Jo-/\J{. T30 .
40
Netherlands Globalisation,Ecology and Economy European </ — Al 1999 |european centre for nature conservation
Tnnovative Financing Opportunities for Europran 3 -0y DEMB L ISBN:90-0000
41 |Biodiversity:towards implementing the Pan-European BRLO=HOR/E 17 | 1998 |european centre for nature conservation G.R.F.Drucker Technical report series 310 ’
Biological and Landscape Diversity Strategy SiREHE
P Dgﬁ VAR ET= ;::;er:ol‘)m Ck):'Gﬂmm ECNC publications - |15py 60802482
42 |Perspectives on ecological networks DR 1996 |european centre for nature conservation ) sere series on Man and ) :
Middleron,Sandra 3-1
Rieati Nature,vol.1
jentics.Rob Wolters
Facts & figures on Europe's biodiversity state and trends I~-0v /I OEMDSHE . . . ISBN 90-802482-
43 1998-1999 BLOR%E 1998 |european centre for nature conservation Ben C.W.Delbaere Technical report series 74
. - ERIFEIALT Centre for Agricultural Publishing and CIP-data Kominklijks __ [ISBN 90-220-
44 |Natur nd * .
ature engineering and civil engineering works 1991 Documentatio doc) P.Aanen Bibliotheek 1053-8 geb
_——n&. — v —
Obtsnipperingsreeks DEEL33,Amfibieen en verkeerswegm: %33§ & ﬁﬁgﬁ CHER IBN DID,M.mxstene van Verkker en R.J.F.Bugter,C.C.Vos,Instiu
45 |een modelstudie naar het effect va verminderen of EiE  MBEOZES L < 1997 Waterstaat,Directoraat Generaak ut voor Bos-e W-DWW-97.036
een n:a . i " ° FBEIZLI2EBERAN Rijkswaterstaat,Dienst Weg-en Natu g n:s " « ) :
compenseren van barrierewerking - B EIHE Waterbouwkunde atuuronderzoe
. 15 o T DBBB( B Ministry of Transport,public Woreks and
46 | Annual report on transport in the Netherlands 1998 N T 1999 Water Management M.Mulder B-161-E
47 | The Netherlands & the World Ecology A5 27 & BRI
48 |Jaar,verslag 1998 1998 F fEAF RERE 1999 [STIGHTING BATUUR EN MILIEU
ELE T DKkERELDO DY B
Het gebruik van fauna ea langs watergangen onder BEBROBER. KRN Bureau Waardenburg by,Adviseurs voor . DWW-1484/14
49 passag 18 Ja Y 1999 G.J.Brandjes
WE - HANRIR (MR ecologie & milieu - september 1998
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50 |Krimpenerwaard:uitzicht op natuur %_ : 1999 | Zuid - Hollands Landschap
al . iy
51 INEDERLANDS COMITE VOOR IUCN IUCNA 5 >~ g ZRR
RERRENETT .
Ee kne Ig,Het Zuid-Hollands Lands door d 1934510519992 T0>J
n geknotte wilg,Het Zuid-Holla chap door de ALFESUMORRB. = .
52 jaren been:1934-1999,Nico P.H.1 Roorda van Eysinga S PR O, | 1999 |fuid- Hollands Landschap
) TPy - TAINE
AYRELTL (<2 Antwoordnummer 129
53 |waard om mee weg te lopen HEHZEL0 (LT Stiching Het Drentse Landschap 9400 WB Assen
MW b v yT) o
54 |Hooien in bermen TEERBIIRET 53
. FLRARAICKET 5 Journal of Applied
55 Eﬁ'ecfs of delayed hay fe.moval on the nutrient balance of T eIz L BEF/IS >R | 1998 [Ecological Society A P.SCHAFFERS M.C.VE Ecology 1998,35,349-
roadside plant communities OELHHEYEEEIZRIF SSEUR and K.V.SYKORA 364
56 | CTE Research Project Profile,North Carolina Experiments |/ —AH D054 FHOR
with Roadside Wildlife Areas SFOTLEEYRLXE
PM | WEICLLE
] 2 Ministeri Vi
Ontsnipperingsreeks DEEL34, WEGVERLICHTING EN @& B1%%, BRIZREFT 3121';?"“&‘:2;’::&;;":' en 1.G.de
57 [NATUUR, 1 .Een literatuurstudie naar de werking en effecten} @SS FBEADEER H K U | 1997 Riikewaterstaat Dienst W, Molenaar,D.A.Jonlers,R.J.H{W-DWW-97.057
van licht en verlichting op de natuur ?B‘DM FEHMRIZONT “;ja e rbo::kun;l e cg-en .G.Henkens
B~ 7= ik L DFRF ©
. EXE IR oY (@4 Ministerie van Verkeer en -
Ontsnipperomgstecks DEEL3, Het voorkomen van Bb h D& B kT RO Waterstaat, Directoraat-Generaal Marcel p-Huijser,Pict ISBN 90-369-
58 |doodgereden egels in relatie tot de samenstelling van het NYXRZZIENS HE 1998 Rijkswaterstaat, Dienst Weg-en J.M.Bergers en Cajo J.F.ter |P-DWW-98-052 3737x
landschap (rtReR) Waterbouwkunde Braak
f{gig:#m[’m‘srsgb’?g IBN-DLO,Miristerie van Verkker en i;’ce'l:“o’; o Verboom &
. . . . E & A~ P . g .
50 Ontsnipperingsreeks DELL32,DASSIM,een simulatiemodel SaL—>a> ; 61 | 1997 Waterstaat,Directoraat-Generaak W.Nicuwenhuizen DOL-

voor de evaluatie van verkeersscenario's:calibretie en evaluatie

Rijkswaterstaat,Dienst Weg-en

W-DWW-97-027

DB & SF Waterbouwkunde ::shtuu; voor Bos- en
. E27% NYRRZXI Ministerie van Verkeer en J.L.Mulder, Vereniging voor ISBN 90-73162-
60 | Versnippering DELL27,Egels en auto's:een literatuurstudie |V . Xk L DT R 1996 |Waterstaat,Directoraat-Generaal Zoogdierkunde en P-DWW-96-068 28.9
Rijkswaterstaat,.Dienst Weg-en Zoogdierbescherming
Versnippering PART23A,Dispersal of animals and 1%23&5\ !j)_%ﬁ?ﬁ &4 IBN-DLO,M'INSEHC van Verkker en Roa.d and. Hydraulic
61 infrastructure A modelstudy: S - VTS5 A RNTHOF ¢ —0 | 1995 |Waterstaat, Directoraat-Generaak Engineering
I 5df 22 Rijkswaterstaat,Dienst Weg-en Division,A.W.J.van Schaik
52 |ECNC,THINK TANK AND INNOVATOR FOR N> T Ly b european centre for nature conservation
EUROPEAN NATURE CONSERVATION
63 | NETHERLANDS FOR EUROPEAN NATURE, Dutch (360DFB1\) 1997

organizations campaogning for nature conservation in Europe
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D CENTUR RAL =
THE THIRD CE Y 01‘7 L Maﬂfd structure of FBO% 3 t!*a, Ministry of Transport,Public Works and Water
passenger transport by rail,Ministerial policy document on the ) .
64 NS . 1999 |Management Directorate-General for
development and organisation if the market for public
! iLg ; 2000 Passenger Transport
65 ECNC U?dau,Newslencr of the european centre for nature (= 13 — ALy - 1999 ECNC Update Volume ISSN 13880039
conservation 6,No.3
66 |European Nature, Magazine on the interface of policy and —a1—AL ¥ — 1999 Issue No.2,May 1999 ISSN 1560-6724
R -3
67 |Summary of the annual report RRBRHBERRS 1998 |staatsbosbeheer
(160818) Directorate-General of Public Works and

68

Annual Report 1998 Rijkswaterstaat

1998

Water Management

69
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Algemene Beleidsnotitie
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1998

Zuid-Hollands Landschap
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71 |Deelbeledsnota natuur . 1999 | Zuid-Hollands Landschap
Sew)
L EXE N EYEE 4 Ministeric van Varkeer en Waterstaat . .
tsni g v - , - -
7 Ontsnipperingsrecks DEEL3S5,Egels en verkeer:effecten van 2 AU XX a4 | 1097 |Directoraat-G i Rijksw + Diens Marcel P.Huijser & Piet P-DWW-07-066 ISBN 90-73162
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Rijksbermen ... Rijke bermen!
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