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Abstract: Three different kinds of pioneering projects of urban greenery in Japan were introduced from the
viewpoint of urban habitat restoration. 1) EXPO’70 Commemoration Park project was a unique trial to restore
natural landscapes, “Self-Sustaining Forest”, as a core greenery of Osaka. It is impossible to realize the goal
not only by the initial design of the plant communities and planting methods. After the forest canopy closing, the
adaptive management of gap regeneration imitating the natural disturbance is a successful method to improve
the species diversity. 2) “Inochi-no-mori” is the first case of a habitat restoration project that was monitored
precisely for over 20 years. The monitoring group revealed that the trends of colonization and extinction of
species in the habitat varied considerably by taxon. 3) The sacred garden of Heian Shrine is an isolated sanctuary
of endangered species in the urban matrix. The reason for the rich biodiversity is related to Japanese landscape
garden characteristics, such as “Shukkei” (miniaturizing nature). And, adaptive management needed as an
alternative to natural disturbances. Habitat design needs to take into account the three properties of nature:
“Elements”, “Patterns”, “Process”; and “Process” is the most challenging issue to deal with.

Keywords: landscape architecture; nature restoration; adaptive management; urban habitat; biodiversity;

endangered species

HLAR 5 - B 0T (Richard Register) fE HIZSHL, 3 Sff Ul 78 HEFT 900 1T 38 A o 22
Ecocity Berkeley (1987) —HiHh 5. “gERZE WG HAGEANSBRMEILARIHL,
HARIER, SRS B4, WUk “fe. 5. K A7 590, B A4
ﬁ%%%%ﬁ%i?ﬁ%o”” A ST R AR, UK F ol AR B A e e 2 R4

AWM IR S AR A LRI BT SO IR AR AT LUV sk

%?WWMﬁE%Mﬁﬂi%mﬁﬁﬁmI@,
SRTI S LM b (T3 SR AR KT A A7 . A LEFIE
BRI L T KT RS, Sl B LR S AT

TRIMELE, AT RS EY, R
R R A DR ST B AT
2012 4F, HARBUMSIAT 2012—2020 441%

25



| |
IIII M=l Landscape Architecture  2020/04

FEMEE M) P, IR T 4 KEMZHE
e defeile %126 mARTEIIta kR
FhE; 5228 AOMATEESIE; 553 2K:
R SIREIFIT IR 26 428 maBkUra
B ZIUE SR AT, 2L
HAER AT, DISeHl “ZaAm itk A
R o HETIL, ARSI “EY LR
PR RO AR SEBT

EH N H AT B AR S E S I H ik
BT 3 AEAREERS#ERG], 2hl I
FHRE  EETT ARSI EE. 3 DB
B 20 £, £E5S5 TR
AR EL R Bk, WRLEEATIEN
2 20 ZAE I M S5 RRITIE T ME AR5
WSS ARSI AR FR. 1) KROTH
i HARP S B R R 3R AR bR
HAAMKE TR HEA QAR &, H
KB A HIRAER BT AR, P
B E SRR o 2 LR 2
BB Z B — M R H . @)L+
P S0 25 A R B B R N BRI, T A
NSCHLE SRR, SRIUK T AR AR B
TR B A . 2) M/ N A AR
ZAR” - HARE AT O A B
HAEBTE I H o HA o SR A 2 AR
PRAPFIVRAE . BT I7 3609 il H P 208
N o LAEROAE, PR R B A SR
Gto BAT SRS AR T T K
BHCHAER RSN, T DAY M I A T T
AV 3) P e Eg e . HA
Gl T I E R AT H . BAPL
ME R — M AT S, (AR N E
WA Z RGN, (A Z R
JITHIESE I REITAEAIA S s TSR
RIT H AL e T bR ads e 15 TR B AR 6 A
AR A S AESE 6E

PAE 3 SSRGS T A AR I 45 o A4 1
HEMERIER T VA 1) HARELZ
AT 2006 FERFRIOT LS ARSI ik
A DT PN AL A B ol e
415 2) ME/INER O A Y R W AEA AR
WP N, T T R AE 2 — JE 4 Bk
SRTAMTTBUR A2 e EAT

26

INEE AT A Z R PRI
3) (HUEBIRFLLEZ A5 2002) WG EEPRIN T P42
T el A EE IR A AR I 4 P R AR R A
Bivhue.

BeAh, JU4Esk, Lk 3 ARBIFEHER
JERNAFAE AN R 735K T AR I (O BT 9%
UG T RO, X LG DA 2
WEZE R A 1, Hit bk 3 NREEATEDN
Wl AR OE I PR AL A

1 KRBT 28 A YRR TS
N TR A
11 A FRAEHF By Ik T ARk

R 1970 SR TFAIIES, AR
BT B P Kt e 5k B, 2ET
KRBT LA AR, D&AEmREA, &
340 hm®, A BEEERE BR R BRALES Hb X e
PR PR TSR RS O

H ARSI 2 B I R BB 4,
29100 h®, HEAREER “HBRAERNHR
R, DAIR S PR 2 It 2 T 52 31 KR A
TR AR H SRR R AR (TS )
Ff FARR AR CHLLLBR) By ZEBRTT X3
PRAZ AL M M TR P4 1 B AR R, 2 —
MIFEIE s, BB ek ks, H
BURATF R0 . 2 B B S AR e %
& (Eika TAKAYAMA ) fi35t, HAHAK
X R 7t (Motoo YOSHIMURA ) 53,
EFERTHALR R, AT T,
YNGR EE X
1.2 FEYIRETE AR BT S e i

IRIREY AL, 7E H AR R E
TS AT RE T E T AR AL, AT H
THRITE 2000 FEZ BTEEAL ARG H FRAERFARK,
ST LA T B BA P 8 B 55 RV B S B A
BARMAES RGN

PR AR RN, AT PRl
FRAR A BRI T B TC AR, 44T,
DJ%5778: k1% SEa ot e R mez P S G SNIP AR G e A A )
IERE, METWERMWER ., A H
FEs7 bl SR A (ALHE I A )
BRI L B T — 5 KE, YR N N
TRk, DLAIE T AR IR IR . FEFD

MR Set Y, R AR SRR S B R R
BT Al S5 25 R L B P 28 1 R (i R AR AR AR
BRGNS W,
1.3 T3 BRI A

SRT, AERMEE Toepa 15 14 1048,
REARERAREIRE, RIGIEN, JUPHET
2000 SEE R — AR AE S R G, MR
KA R L2 LR 2 2 AR A 2
TR T B R ER 1, T AR P
N EERIAUAOOR RS, AT H
/NP (Sumiji KOBASHI ) 45 S 1 W31 /NH
FFRI T LI SR ERR IR Z AR
FR EM OIS g R BRHE AR R 3 B
RIARAERHIBREER R, HEISIERL T ARbkA
RIS RS T

SR, FLZE 20 42 80 4FAUK, EHA
RREIE A AFMAESRE N R, &
BB, “AEMEREE” —E I, TS —A
RS IR AL LE 20 D 90 AEAEE]
H], ATEES TEROESRS. I,
BT KIS BRI R A AT I HE A
AR, @ KB TT A B AR AR
BRI A T,
L4 Bl WA BISSHPIRES, 45 R
— . RHEAARE

20 M40 90 SRR, FEBEARPRANZEIZ L,
L REE AR IR . RO BRMEREE
Kz BEE 64, mEImERY—. %
FEL RS, BER T A BRANFIAA R 28
L “BHARR” ZEFPIRAS . RAETERIEFET
RIFIBH TG T T 2 RERRh, (H2
AR R P ) LR R — AR, X S
KRMZEFE BRI I . R 2R
HE = 2R ( foliage height diversity ) [
1.5 N AR shAHS

FET YRR E AR AR 2R Yk
B B, EFRM B A THREZE”
TR, DRSS A RAERAORRR”
AOFHE BRI IE H R

PRI TR EONEZ] 15 m x 15 m AR
W, BFIINER s 2648, O
G P57 A 4B 1 B bk 1%
KPR AL A A TRl B i el X P — A K



LR T AR SHEYIEE 20 / Special 1: Urban Habitat and Plant Community Design

1 LS AN HEEE
Changes of EXPO’70 Commemorative Park

By, FrLMEREELR &, IR
M ETIEREI AR M. ETHAER, Al
PREUR A ATE R KRR L, FIAFIA
b TS ity 1h38 LA 7 rp 2
FirEH B R,

EZSUB LIV R ESLE S S APl (RN T
NI H T 2003 FFHFIASEHE, X 2L
H AR T A B R TSR 1 AR B SLe (1 2 ),
MR TAE ARG R O T B2 T AR
WIEREEA LA 10 IREFZ E £ (coplo)
R, MEHR, CEIPmHESAshiait
7. EBRGHRENE AR,

2 “HEArZ AR WA S
2.1 TR E W A 2 n A B e b
PRI EEHS 1 200 JE4E, HUEHTEL g
TR E T IX H SR A H AR AT
23 (0.66 hm?) Mg/ AT, AT H
ARG TS H I 2 E I, I
LR T I A /N B R B L iE il , I T T
Wt ER T AL ERR (B 3) o HAf <k
A AEBERET 1996 SEXINT T, E&
BT ST R R AR A 2 BRI 4
BRI ST /N
AFEMINFG, ERRE. FAMHR
HIAE TR B T BN, I, AT
G AT DA AU I /N AR 28 20 Z2 40 A
IR BRI A ZREEN, 22
HARA B D), BHEER 1V HRERS 1,
“EAZ AR B SE Tols bk kT s AR

2AIMEEH 1 FE, AiRSERPHHTPRE
One year after the artificial gap regeneration; The front
and back forest is a “sprout” forest

NPT B S S, g /INA
ZRIT R AR, ey
SRR T 2R 152 5 DUN FEFp A o 78
A ER I A 2SR A5 10 IREE L
H4W (COP10) “WiiEMEFN" H4
(2010 4 10 H 24—26 H ) 1, pUERTTHTK
[IRVE( Daisaku KADOKAWA ) /M8 T “ 4
AR RS/ NA TGS, HARBUR
FE 2011 AR R R A5 i e /INA IR
JETE A B A o
22 HWHEF

S AR AR MR H MR AT
1) T TR, TR BRI = KA
HIZEZ; 2) K% /R REAES RGN
FSIEE, WA LG IR TR (AR
3) NHTRARALEE IR SOW, JLER DAL, &
IR RS, (RFHERAE; 4) PRI
TR AR A K A 1 AR -, Az <1l
WFEE” ( Yamashiro Wilderness ) o /45 “4=
AR AN, (BTSN R H 1%
HIHEA BRI E AR T O AE — A
PiA5e

oS/ N R — M ES R G 1,
ZAEBSREN: 1) A5 Ay
ZREME 2) RTRE R KR E aT Re 4k
3) A& 5 RUER A YA G IT# T RAR 1
il 4) SRR EZNM; 5) BA
BUAREE NI, TF5/NAIN R, X T
ON T PR R N I A, T A A
ACE, I HESI E SRR R

3 M/ NER 4 B SR
Aerial view of Umekoji park

2.3 it

EFINN, FNEBRARE Lz
AR AETTRIE, WHWTEE 1) Dk
(REABEORT, B H AR R 2
( Suzaku-no-niwa ) FIEEFRLI; 2) HIFEE
FHRRSEE TR R R T AT R DAY D b T A
PRGN AZW T, LR SZ B P KB,
2 XKIEE AR HULR; 3) HRE
15T BN ST, (EHER O3 E,
4) JEIEAZ AT A DL 2 2 281 3 i
BHAATEK; 5) SIAZHAS ARG RIFE
%, WHALESRZZEFIPHARE (Coarse
Woody Debris, fiFKCWD) . ZRME ., h
A 2 A% (Nozurazumi ) . BffE, H
LU e S 3R HE S
2.4 4553

LN s/ NS T “4:
AR AR, CHAEERE
IS 1/ 10 4 O SRR R IE A S K
YA B . R, Az
ch i EAERE TS AE 1999 SRR TR IE(E, HEe
B . WSRME, HFP AR L
JUSE 2P0 BRI, B3k LT F
SE SRS U N Y By, TIEELE Uy 1E, b L
BRI AR ORI A M (£ 1) .
2.5 EMZART WA EE PR

RUSEBUSH a2 iR EEREE
R ER BB R RES, BT
HYIR T —SE A PR 4 [R] R

1P IPR AR, T H i

27



| |
IIII M=l Landscape Architecture  2020/04

WL A5 TR A e 1yt BT ARk (i
JE5 240 ) 5 BN RIRE s, K
CEREE TR, BB KA Lot (Ligustrum
lucidum ) FEFRMRINGE I8 A N FR A A
= %2 MRERAEA RSN, ekl
ARG S 2Rt R R,
AR S BRI £ TR wh, gk
B 3 AEfE AT
2.6 RGP
AR WH AAS A LR Tk s
(WERIEKLE ) EBWE ETE R ATz
AEBEH ST O SR B AR R S — Mo
BB ISR AR TR EROR TR L
TERNEE. BHET, 5 DNA KT
IREE IR BT T, AR ES/ INON T L
H R, AT EREE DNA fFFEi i o
TEHNE R AHREX T SE PR AE I PR I L R
TSR, BT AR M SR R
WAIRA—H 53 R AR — M A,
HoKIER A R AR T K BREE DNA W15
AT AT “AEfr 2 AR” BOKIR, THERZRE
A B 257 (operational taxonomic unit, & FX
OTU ) , HAEE L@ A TA ARSI iR
AN, HHTTH il ) 55— FE A
2 JRT B o LA /N AR I T80 2 1 5
JRA, 1) B B AR 35 £ 56 2 1 I o
AEBEIY E AR, (EIRF RS T, WA
TN Z FEMETEAE IR WD . H AR
o S EVGRR ki e AY e N T VA VA i
HARESR G ER T, HlanstkT4.
RAFIMHASLE 2R EFkm A
HRZER R NI AR S R RN R A
TAER, T Rt L AR A R
W 2, G T AR Z R
WeIRo Frlh, FRAOTATCAIAE, ARSI Ak
XA AP AR R R RE R 15 ERAIVE A,
AT AR A G R TR T
i b, EF NN TVEX T AR S 4
BRGHVERN, AIMABEIER (SR
PRt BT E ) oA ES R, a5l
AN GIER ) NS B Kl & R VAR IS R: 87 Ss e
XAE LI ARG (IR Tk
THYIE N TR 2 —

28

1 k@A BRI A R (RN ERE )

Tab. 1 Chronological selected ecological events in the “Inochi—no—mori” restored habitat after construction

FisfR] Year A R ER Selected ecological events
i 14F 1% yr. 5 150 AP Introduced 150 plant spp.
S50 45 one HEIE 15 0, FIMBEIELEEH A 15 dragonfly spp., 3" record of mushroom, Hypholoma.
r. ) L .
’ % 3Bl spp., in Japan

534 3 yr AR T I SR R Bullfrogs damaged the dragonfly population

224 FEAAEY) Colonized 224 herbaceous plant spp.
954 4F 4" yr FL R (B ) Butterfly of Satoyama (Hestina persimilis japonica)

BAY) (=8, 219) Carnivores (Vespa analis, Alcedo atthis)
5554 5% yr 40 ﬂﬂiﬁﬂi Tree colonized 40 spp.
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e " BRZSHEY: 22 R (FiE 5 F) . .
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e (Mg, AEME) .

Cryptotympana facialis)
T 7" yr. HEd: 23 £} 39 F Bryophyte: 23 families, 39 spp.
55845 g BIET: 59 A (2585, 3258k /m®%  Seedlings of trees: 59 spp. (density: 32.5/m? max
oy . 0
! RAHERE: 8m) height: 8 m)

FIE 9" yr AR Truffle (Tuber sp.) recorded

R (FEJTERHR) Erthesina fullo (Southern insect)
2 10— 10— yr HABRRZE, 189 FA, 411 Wilting of the Japanese oak occurred, 189 woody, 411
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Tab. 2 Three properties of nature and the goal of the nature—oriented city’

2020/04

2 AR 3 ANEHEURANEE A AR SR

[26]

JE FERGIL Fielp EMIZ R SR T PELAAIRISEZS
Properties Basic contents Wilderness Biodiversity—oriented city Deteriorated nature
&Y. Zh. HUR .
y -~ T s . HPEEMIRIOR Y, NS KT
EiS 21151 72 SRS TR R ARG TR, i E s : o .
. . . L Species extinction in the wild,
Elements Flora, fauna, geology, Original flora and fauna Land use without species extinction, close to nature

topography---

predominant invasive aliens

JEA SO, LSRG
W—JI—H—f

Original shifting mosaics, connected

2557 N 131N 3TN
o B
Pattern  Patch, corridor, matrix,

SEHMGCRGE, AR O S HBES 73U 2/ N S 3

RIS, AL R 5

B, PREANG S HBERTTER AR LR SSEGilEPN

Optimized greenery including core habitats and scattered

ecosystems: mountain-river—

landscape--+

significant small habitats, land use considering original habitat

floodplain—sea

Fragmented and isolated greenery,
disappearing ecotones

KK TIRIRED |

pur

Wind, water flow,
Process

sediment transportation,

species colonization---

pNE) S NI EER R N
B, HiERE
Sun fleck, diurnal and seasonal
change, yearly fluctuation,
catastrophes by typhoon, earthquake

IR TIRAB RS RS, B TEET UG IR Y K S
Wi, KRS ESRGMSTR
Disaster management with risk assessment considering
disturbance—dependent ecosystems, Win—Win design,

risk and ecosystem service communication

FIPFAVAL S sl
THARAF LTI AL
Excessive control by dams and
banks, extinction of disturbance—

dependent species
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Richard Register wrote in his book Ecocity
Berkeley (1987): “ The Garden is the paradise of
nature, and the City is the paradise of culture. Or at
least they could be. . .. Today, both are out of balance.”"

How can we harmonize city construction with
nature conservation? City development inevitably
degrades the essential habitat of creatures;
however, some species also live in urban areas.
Moreover, some species successfully adapt to living
in an urban environment as their new habitat. In
Japan, we sometimes notice the traditional culture
of living with nature and celebrating the “Flower,
Bird, Wind, Moon” along the waterside, nature-
oriented landscape gardens, and sacred shrine
forests with old trees. It seems that such cultural
nature could act as a clue to building cities where
the species that originally lived will not be extinct.

The Cabinet of Japan approved the
National Biodiversity Strategy of Japan 2012—
2020 (Government of Japan 2012)” which takes
into account four types of biodiversity loss: the
first crisis (caused by human activities including
development), second crisis (caused by a reduction
in human activities), third crisis (caused by artificially
introduced factors), and the fourth crisis (caused by
changes in the global environment). The strategy
aims to promote the development of urban areas
that are rich in nature in order to achieve the Aichi
Biodiversity Targets. We need to identify a better
method for creating cities that are rich in biodiversity.

I selected three representative cases from the
viewpoint of the history of the designed natural
landscape in urban areas in Japan. The points of
selection are the scale, design method and habitat
function of the designed landscape. All selected
three cases have been managed over 20 years since
construction, and I am involved in the monitoring
and management process; therefore, we can discuss
the relationships between planning or design concept
with natural processes through verifying outcomes
and troubles. 1) EXPO’70 Commemorative Park
is the largest scale of natural forest restoration

on the disturbed urban site in Japan ever. And
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the innovative planning concept to set the goal as
“self-sustaining forest” that means natural plant
communities. The project was an innovative one
before the concept of biodiversity was born. We can
study the outcome of the initial plant community
design method and unique forest management
techniques to realize natural forest communities
through the data of monitoring and management
over decades. 2) “Inochi-no-mori” is the first urban
habitat project in a city park in the city center,
with the theme of biodiversity conservation and
restoration in Japan. The design method is to mimic
the remnant ecosystems of Kyoto basin introducing
trees and plants with topography arrangement.
Because of the intensive monitoring of the biota
of the site, we can discuss the outcomes of the
design method and the needed management through
decades. 3) Garden of Heian Shrine is one of the
famous traditional Japanese gardens that intend to
reproduce natural landscapes. Although it is a man-
made landscape, habitat function as a biodiversity
refuge is highlighted recently, facing the biodiversity
crises in the original nature, Lake Biwa. Habitat
function of the Japanese landscape gardens could
be discussed by considering characteristics of the
design and management.

All three cases are widely recognized for their
importance in urban ecological networks; 1) Ministry
of Land, Infrastructure, Transport and Tourism of
Japan nominated the EXPO park area as an element
of “Urban Environmental Infrastructure Plan of
Kinki District” in 2006, 2) the significance of
‘Inochi-no-Mori’ is not only discussed in papers, but
also the Mayor of Kyoto introduced it as the core of
biodiversity in the First Global Biodiversity Summit
of Cities & Subnational Governments, 3) habitat
function of the Garden of Heian Shrine in the ecological
network of the Lake Biwa basin is highly valued in the
Red Data Book of Kyoto Prefecture (2002).

Over the decades, these cases have been
uniquely managed with different characteristics,
while examining the monitoring results from a

biodiversity perspective. These cases therefore
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provide meaningful insights into considering

desirable adaptive management of urban habitat.

1 Plant Community Design and
Artificial Gap Regeneration in EXPO’70

Commemorative Park

1.1 “Self-Sustaining Forests” in Urban Areas

EXPO’70 Commemorative Park is a
large park (340 hm?) that was the former site
of the world EXPO held in 1970 at Senri
hills in northern Osaka and now stands as a
commemorative park to that event. It comprises
a green core of open space that was preserved
amidst the process of the urban development in
northern Osaka that marked the beginning of the
era of high economic growth in Japan.

The main part of the park is the Nature-
Culture Zone, covering around 100 hm’, the goal
of which was set as “Self-Sustaining Forest” with
the aim of restoring natural evergreen broad-leaved
forests (climatic climax forests) and semi-natural
secondary forest (Satoyama forests) to the ground
that had seen large-scale disturbance resulting
from the hosting of EXPO’70 (Commemorative
Organization for the Japan World Exposition’70,
1972)P. Tt was a pioneering approach, even from
a global perspective, to restore natural forests
including climax forests in urban areas.

The master plan of the whole park was
supervised by Dr. Eika TAKAYAMA (and the
Nature-Culture Zone was designed by Mr. Motoo
YOSHIMURA). I was involved in the project team
as a member of planting design staff (Fig. 1).

1.2 Plant Community Design Unit and
Planting Methods

Plant succession theories tell us that climax
forests are likely to need several hundred years in
order to become established in Japan. However,
the target year for completion of the “Self-
Sustaining Forest” was set as 2000. Therefore,
the mission of the design team was to propose
methods for realizing the mature forest ecosystem

as rapidly as possible. The planting design was
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based on vegetation science, considering the species
composition of existing forest vegetation as a
design unit. However, the open environment and
immature soils could have proved too tough for
the forest vegetation. Therefore, in order to bring it
closer to the mature forest environment, a unique
attempt was made to construct a water channel
along the ridge surrounding the central flat part that
contains the lakes and facilities. The planting sought
to mix pioneer species or fertilizer trees, and various
other unique methods were designed to enhance the
establishment of the forest ecosystem 77,
1.3 Edaphic Improvement for the Forest
Growth

However, in the first decade after planting,
the tree growth was so poor that it seemed difficult
to establish a mature forest by the year 2000. The
reasons for poor growth are acid sulfate soil that
resulted from the layer of marine clay exposed by
the cutting of the hills, and the compacting of soil
by the heavy machines used in the land reclamation.

I joined the monitoting team led by Dr. Sumiji
KOBASHI and clarified the relationship between the

BLIAISH 1 contributed to

soil conditions and tree growth
enhancing the forest growth environment by providing
the finding that the poorly drained soil was the most
important factor in limiting normal tree growth.

However, it was in the late 1980s that I came to
realize exactly how difficult it is to restore real natural
forests. That was when the term “biodiversity” was
born, while the concept of “adaptive management”,
which is an innovative concept for managing
ecosystems that are too complex to understand in
their entirety, became recognized in the 1990s.

I realized that the poor drainage sites that
provided poor conditions for the growth of forest
species were also unique sites of wild grassland and
bush communities that were about to disappear from
the Osaka city area as a result of rapid urbanization™.
1.4 “Sprout Forests”, Single Layer and Same
Age

The next issue became serious in the 1990s.

While forests are seemingly formed gradually,

problems were detected from the viewpoint of
biodiversity. Indeed, forests were not multi-layered
but rather single-layered overcrowded forests,
so-called “Sprout Forests” consisting of limited
species. In spite of the diverse species selected,
the trees planted were considered to be of almost
the same generation. As such, the vegetation on
the forest floor disappeared, while the diversity of
species and range of foliage heights also decreased.
1.5 Artificial Gap Dynamics

Therefore, taking into account the “Gap
Dynamics” theory, which explains the mechanism
by which the biodiversity of a natural mature forest
is maintained, I made a proposal to the decision-
maker to launch an “artificial gap dynamics” project
as a means of realizing the original theme of “Self-
Sustaining Forest”. This would entail not only
creating a gap of around 15 m X 15 m but also
introducing various types of gap dynamics, including
spreading the surface soil from the surrounding
forests of Osaka. We expected soil seed bank of
various species to recruit. The soils could be taken
from another, adjacent urban developing site,
considering the EXPO’70 park is an isolated patch
in the urban matrix, so that it is hard for new species
to colonize from surrounding forests.

From 2003 onward, what was probably the
first trial (Fig, 2) of applied gap dynamics in urban
parks was carried out based on a discussion by the
adaptive management steering committee”. Those
activities and outcomes wete also widely announced

at a side event of the CBD COP10 in Nagoya.

2 Urban Habitat, “Inochi-no-mori”
2.1 Habitat Garden for Urban Biodiversity

The first project as a city park aimed at restoring
natural habitat in urban areas (0.66 hm? in Kyoto
took place on the occasion to celebrate 1 200 years
since Kyoto became the capital. The site of the
former Umekoiji railway freight train yard, near Kyoto
Station, was developed as a public park in Kyoto City
following the National Urban Greening Fair (Fig 3).

“Inochi-no-mori” (Living Forest) was opened in 1996.



The author was in charge of coordinating the study
group for the project alongside ecology and landscape
design specialists. After the park opened, a volunteer
monitoring group was set up with the cooperation of
experts, students, and citizens. We have continued to
conduct intensive monitoring with citizens and hold
nature study tours, and have published a report every
year"”?, The forest grew into a significant habitat on
the former freight train yard that was far from nature.
Not only have unexpected creatures colonized the
area, such as the kingfisher, once extinct from urban
areas, and a kind of truffle, but the ongoing valuable
monitoring has enabled several students to utilize
the monitoring data and gain a doctoral degree. At
the occasion of the City Biodiversity Summit 2010,
held in the City of Nagoya, Aichi Prefecture, Japan
(from 24 to 26 October 2010) as a side event for the
2010 Convention on Biological Diversity, COP10,
Mr. Daisaku KADOKAWA, the mayor of Kyoto,
introduced “Inochi-no-mori” and our activities in his
presentation speech. Our voluntary activities were
also introduced in a white paper by the Japanese
Government in 2011.

2.2 Purpose and Declaration

The basic purposes of establishing “Inochi-
no-mori” are summarized as follows: 1) to
contribute to a city where you can enjoy the
blessings of the four seasons of nature, 2) to
enable/facilitate enjoyment of ecosystem services,
reducing urban environmental problems such
as the heat island phenomenon, 3) to provide a
healing landscape for citizens where children can
experience, discover, and learn from the abundant
nature for their healthy growth, 4) to contribute to
a city without extinction of native species before
urbanization: “Yamashiro Wilderness” .

While the area of the habitat is very limited,
we nevertheless summarized the basic goal as the
creation of a habitat before the urbanization of the
city of Kyoto.

3-14
to nurture an ecosystem

So we pledged M
that would 1) be as rich as possible in native species

diversity, 2) be as developmental or sustainable as

TR

possible, 3) contain species that are closely related
to Kyoto and are familiar to citizens, or 4) include
species that would be loved in the future, and 5) have
a low population of invasive species that may
degrade the biodiversity.

We also agreed that the management should
not be so intensive but instead kept to a moderate
level and with regard for natural processes.

2.3 Designs

T suggest that successful design methods for the
habitat of the limited area should have the following
objectives: 1) to protect the area as a paid area
connected to the Japanese garden “Suzaku-no-niwa”,
2) to limit the footpaths used on a daily basis including
“Canopy Corridor Bridge”, and for closed areas to be
opened to the public for guided tours on several days
a year, 3) to develop a diverse topography, including
soil cliffs, to encourage the kingfisher to nest, 4) for
the several types of ponds to be supplied with water
by digging a well, 5) to introduce diverse ecosystem
resources including CWD (Coarse Woody Debris)
in the natural ecosystems but also elements such as a
country hedge, “Nozurazumi” (a dry-stone wall using
river stones), tree stumps, and firewood deposit in the
Satoyama ecosystems.

2.4 Outcomes
We were surprised to observe the dynamic

P of the “Inochi-no-moti”

ecological succession
habitat, especially during the first decade. The
trends of colonization and extinction of species in
the habitat varied considerably by taxon.

The maximum number of flowering plant
species in Inochi-no-mori was recorded in 1999;
however, it then gradually decreased. In the case
of avifauna, an increasing phase during the first
several years was followed by an almost stable or
slightly increasing phase, while in the case of fungi,
there appeared to be an increase in the number of
epigean and mycorrhiza species. Selected events are
shown in Table 1.

2.5 Challenges in the Urban Habitat Project
In spite of the positive trends seen in the

natural succession, a number of challenging issues
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subsequently arose, as described in the yearly
reports, which are available on the website.

The first challenge was the invasive alien
species. The very rich dragonfly fauna, which was
recorded in the second year after construction, was
drastically reduced by bullfrogs. The aquatic plants
were gradually reduced and then died out due to
damage caused by feeding crayfish. Glossy Privet
(Ligustrum lucidum) was invasive both at the edge
of and within the forest environment.

The second challenge is how to deal with
the tradeoff between ecosystem succession and

", Disturbance-

species diversity in the limited area
dependent species, mostly herbaceous pioneer
plants, began to decrease after the third year.
2.6 Further Challenges

“Inochi-no-mori” was almost the first
example of the succession process to be precisely
recorded in an urban isolated habitat restored from
unnatural land use such as a freight train yard.
Therefore, the monitoring records provide precious
information for new science and technology.
For example, the environmental DNA detection
method has recently become an innovative
technology for environmental monitoring; however,
verification of the results presents a challenge
in terms of the standardization of the method.
Inochi-no-mori is an isolated habitat whose water
source is rainwater and the water from the well on
the site. Therefore, our monitoring data on fungi
provides valuable information for environmental
DNA research due to the fact that we ate able to
observe very limited fractions of the total rich
biodiversity. The ongoing environmental DNA
study using the water of Inochi-no-mori is now
revealing the various taxonomic fungi (OTU), far
more than the species recorded by the monitoring;

The current important issue is how to deal
with natural succession from the heterogeneous
habitat with smaller trees and open canopies to the
homogeneous habitat with taller trees and closed
canopies. And the species diversity of flowering

plants is gradually decreasing. The Japanese oak
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wilt event created a slight counter process in the
succession trends; however, none of the types of
natural disturbances seen in a natural ecosystem,
such as floods and windfall of large trees, occur in
the limited area of the urban patk.

Recently, considering the increasing loss of
biodiversity owing to the severe damage caused
by feeding sika deer in the surrounding forests of
Kyoto city, we might expect a further significant
event in the urban habitat, in that it could become
a refuge for endangered species. As such, we
amended the policy from a passive attitude, waiting
for the natural colonization of new species, to
one based on active management, which included
introducing endangered species by preparing the
condition of the habitat. This is one of the actions
involved in adaptive management to realize “the

city without species extinction.”

3 Garden of Heian Shrine as a Habitat
Garden

3.1 Introduction

This year, a large but carefully managed sludge
dredging project was undertaken in the ponds of
Heian Shrine for the first time in about 40 years.
A large sludge treatment plant was installed, and
a total of 1,000 people worked on it for 3 months
while conserving the biota of the ponds. The
project was conducted under the supervision of
a committee that included specialists in ecology,
Japanese gardens, and cultural properties, working
alongside Kyoto city administration staff. The
project was carried out because the garden is not
only a cultural property in the form of a National
Place of Scenic Beauty but also a significant patch
of habitat in the urban matrix of the city of Kyoto.
3.2 Japanese Garden as a Wildlife Habitat

Heian Shrine (Heian-jing) was originally
constructed in 1895 as a pavilion for the National
Exposition for Promoting Industries held in Kyoto,
commemorating 1,100 years of the transition of
the capital to Kyoto. The 33,000 m* sacred garden
was built by notable landscape artist OGAWA Jihei

34

VII (1860—1933), also known as Ueji, who had
previously built many excellent modern landscape
gardens across the Higashiyama area (foot of the
eastern mountains of Kyoto), including the Murin-
an garden of Aritomo YAMAGATA. Those gardens
are characterized by their borrowed sceneries and
natural waterside landscapes of streams and ponds
using water drawn from the epoch-making canal that
leads from Lake Biwa. The sacred garden of Heian
Shrine was registered as a National Place of Scenic
Beauty in 1975 (Fig. 4). We should emphasize not
only the aspect of its scenery but also its function as
a habitat in the urban matrix.

3.3 Biodiversity of the Garden

! tecorded

The intensive research report!”
the astonishing fact of the rich biodiversity:
about 200 tree species, 300 herbaceous plant
species, 106 moss species, 40 fern species, four
turtle species, and 40 bird species in a year.

Thus, the garden functions as a significant
isolated habitat within the urban matrix of the city
of Kyoto.

3.4 Fractals as an Important Element of
Natural Habitat Diversity

Important reasons for the rich biodiversity
may be found in its design!™" > 173, 4 kind
of miniature nature, “Shukkei” (miniaturizing
nature). The shape of each pond in the garden can

. 15]615-618
be considered as a fractal'™*

, which is often
observed in natural landscapes (Fig, 5).

Fractal intuitively means that the part and the
whole are similar, and they exhibit similar patterns
at increasingly small scales, called self-similarity.
We analyzed the fractal dimensions of the pond
shapes and tree and stone distributions of historical
Japanese gardens. And we confirmed that the fractal
dimensions of Japanese traditional gardens could
be a significant quantitative property of their form

14]375-388

and style! . Furthermore, fractals can provide

habitat diversity for various sizes of organisms;
therefore, “miniaturizing nature” is an important

15]615-618

concept within Japanese gardens' that enables

them to function as a sanctuary for wildlife.

3.5 Isolated Sanctuary of Endangered Species
in the Urban Matrix
The most interesting outcome is the surviving

endangered fish speciesm]ézmz‘%

, striped bitterling
(Acheilognathus cyanostigma), in Lake Biwa, the
largest lake in Japan.

Originally a popular fish species, the striped
bitterling has been displayed at the Lake Biwa
Museum in Shiga prefecture, opened in 1996, as a
species of Lake Biwa. But the population is the return
of a descendant that survived at Heian Shrine. Why
did it survive in this pond even though it was not
collected in Lake Biwa? It is likely that the fish came
from Lake Biwa through the canal that connects the
lake to Kyoto; however, the fish cannot breed if there
is only a pond. The striped bitterling lays its eggs by
inserting a long oviduct into a large bivalve. Bitterling,
as waterside fish, adapt to water level fluctuations and
are characterized by a life cycle in which the juveniles
survive on shellfish that are submerged in the sand,
even during the drought season. The larvae of
shellfish are also parasitic on small benthic fish species
such as Yoshinobori (Rhinogobius), which is why
the presence of the striped bittering indicates that an
ccosystem of diverse habitats has been formed in the
garden ponds. Moreover, when the first freshwater red
tide occurred in Lake Biwa in 1983, a sand filter was
installed at the inflow inlet from the canal, to prevent
polluted water from entering the lake. It is important
that the filter also prevented the invasion of the alien
species Bluegill (Lepomis macrochirus)and Black Bass
(Micropterus salmoides).

3.6 Need for Adaptive Management

In the early 2000s, however, following a
rematkable decline in the carp population owing to a
pandemic of koi herpes virus (KHV infection), the
accumulation of sludge became prominent and the
bivalve habitat detetiorated, which resulted in the crisis
of a drastic decline in the striped bitterling population.

The garden ponds of Heian Shrine, also
called mini Lake Biwa, have also suffered from
sludge accumulations in recent years.

We found a description in the diarylm] of



the landscape artist Ueji, from when he had just
finished construction work on the garden of Seifuso
(Aritomo YAMAGASTA’s Kyoto villa); he went
to the Kamo river to catch small fish and released
them into the pond. This description clearly shows
his intent to restore nature in the garden. Thus, in
order to inherit the natural scenery he intended, it
is essential to undertake dredging instead of relying
on the natural disturbance caused by flooding that

occurs after heavy rains once every several decades.

4 Discussion

Urban habitats play an important role in urban
biodiversity, serving as the basis of a sustainable city
without species extinction. Here, I have only discussed
the ecological aspects of a restored urban habitat
and have not discussed the current existing habitat
including various kind of reserves, sacred shrine
forests, agricultural land left in urban areas, rivers,
reservoirs, and so on. These are the fundamentals
of urban biodiversity. However, because urban
biodiversity has deteriorated due to the development
so far, the restoration of habitats is indispensable
for realizing the Sustainable Development Goals
(SDGs), which was adopted by the UN Sustainable
Development Summit held in 2015.

4.1 Patch Size
Large habitats are capable of inhabiting a

7. and can be expected to have

vatiety of species
large ecosystem services. On the other hand,
creating and managing new large habitats in urban
areas to respond to the biodiversity crisis is costly
and difficult. All three cases are associated with
special events: the first world EXPO held in Asia,
1,200 years, and 1,100 years anniversary of capital
establishment in Kyoto. We need to consider the
significance of the size of fragmented habitats
from the viewpoint of biodiversity.

According to our research in the city of

18-20], [21]23-24

Kyoto! , an isolated habitat in an area
covering around 1 hm” (such as the garden of
Heian Shrine and Inochi-no-mori in Umekoji park)

could become a habitat for an insect-eating Japanese
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tit (Parus minor), an area of 3-10 hm® could be
a habitat for the small raptor Brown hawk-owl
(Ninox scutulata), while a goshawk could live
in an area covering 100 hm® (such as EXPO’70
Commemorative Park). Thus, large habitats are
better than smaller ones; however, the famous
proposition, SLOSS: Single Large (SL) or Several
Small (SS) habitats, which is better, tells us that SS is
more advantageous than SL in terms of the number
of species and the establishment of a habitat for
rare species. Yet even if it is small, the restoration
of a unique habitat has great significance.

Of course, the size of a habitat is a very
important positive parameter for determining the
species diversity. However, the actual significance of

the area varies greatly depending on the taxonomic

[21]23-24 [22) 23]

group. Ferns, herbs ,ants” ', and mosses” are

greatly affected by the diversity of micro-habitats™".
Japanese landscape gardens as a habitat, particularly
for small organisms, are significant for this reason.
4.2 Habitat Management Considering Natural
Process

Important significance of urban habitats is
to ensure the original biodiversity of the area, as an
ecological network. Landscape ecological discussion
using the concepts of “Elements/ Pattern/Process”

25]

is the key issuc®to understand the species diversity

of fragmented patches in urban areas (Tab. 2)%.
EXPO case showed us the consideration of
elements (such as ecosystem types, species) and
patterns (such as several types of forest patch and
making hills and rivers) are not enough to restore
natural forests. More concern on the landscape
ecological diversity formed by disturbances needed; and
the adaptive management as an alternative to natural
processes (such as gap dynamics and flooding). Inochi-
no-moti case was well designed to set up the initial
stage from the viewpoint of the elements and patterns
of nature, however, growth of the forests made the
initial heterogeneous mosaic pattern to change into
more homogeneous structure. And the significant
degradation of species diversity of disturbance-

dependent plants was observed. Heian Shrine case
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is characterized as miniaturized patterns of nature
(such as shape, material, microhabitat distribution of
ponds and the connection to Lake Biwa) that allowed
to developing the unique and rich biodiversity of the
garden. But lack of natural process such as flooding is
the reason of the problem we faced recently.

However, the sustainability of restored
habitats depends on adaptive management, such as
mud dredging of pond bottoms as an alternative to
natural flooding. In the case of a large habitat such
as EXPO’70 park, it is possible to accept a certain
degree of natural disturbance such as trees brought
down in a typhoon. Among the three properties of
nature shown in the Table, “Process” is the most
challenging issue to deal with (Tab. 2).

All three cases originally had strong points in
the construction; or in terms of “Elements”and
‘Pattern’, those were good practices. Goshawk
successfully nested at the large patch, EXPO. Inochi-
no-morti and the garden of Heian shrine are the
refuge of endangered species. However, adaptive
management of human disturbances as alternative
to natural disturbances is the essential “Process” to
maintain biodiversity and attractiveness of each site.

In a habitat restoration project, it is not only the
design of the elements and patterns of the site that
need to be studied carefully, but also the design of the
management program in place for natural and human
processes. Natural disturbances can cause disasters
but are also essential for a healthy habitat. Therefore,
adaptive management of habitat is closely related to
“Green Infrastructure” and Eco-DRR “Ecological

»5[27]

Disaster Reduction”". The rain garden is very

useful as a habitat in the city, as well as mitigating the

heat island phenomenon and mitigating heavy rain

disasters due to global warming™.

Sources of Figures and Tables:

Fig. 1 Photo courtesy of Osaka Prefectural Government;

Fig. 2, 4 Source of the author; Fig. 3 Photo courtesy of
Kyoto City; Fig. 5 Photo courtesy of Mr. ITO Sosuke; Tab.1
drawn by the author; Tab. 2 Source of the paper written by

reference [26]
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