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BRIRIBH B ERF1F [ FZ % Nevada USA
EEEBEEHE AZEEnv. Edu. Ach)

Stockholm ABBIRIEE =

B#&$1ES (Belerade Charter)
{AFIFI S = (Thilisi recommendation)

HREBRE QUCN, UNEP, WWEF)

HREEREEZS TN “Our Common Future”

« ERT J\Fﬁfaiﬁ?ﬂﬁ NESBIRE

o BN

o 7K
N

BRRE L

&
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IRIRHBE—F 8 ([BER)

Teaching for ©)
Environment

\ nvironments

Education

Teaching
Environment

Teaching about .
Environment

BRBsBERIRIREABE ZEQ)

« IRIBE BRI H1Z(g0al) :
ﬁﬁﬁﬁ/\@n:un"ﬁZII?ﬂﬁtﬂfaiﬁEE*EEﬁ
Eiee - BREEENME - i - BE -
%)JTF&E—iJ%*“ 1%Uiiﬂ72%ﬁ§iﬂ§§7]ﬁﬁ‘fﬁ
S BBV R A ETERA TR RERY S8 & -
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HREEERIRBEREZ )
« IRIZZIE BV B B (objective)

o 2 i8 (awareness)
o Fz8 (knowledge)
> B2 E (attitude)
° T BE(skill)
- 2V #8855 7 (evaluation ability)
- 2B (participation)

IRIRABNEL R

1960s BRI

E4NE
ESAENS=]
BEHE
FEWBIE | | <eh5
2000s W”bxﬁﬁ AR |
education for sustainable development) &Lf\gﬁi
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KEREDIRIEAE

> 1975$E EI?H‘QE E(Belgrade Charter)¥&
0 E%ﬁ?ﬂ%(formal education) : %ETJ?Q%—‘ <IN
B . h&8 . KB4 HEHEIRIREEEAS
HEIAREAEE AR - ( BIERZE )
- JEIFFRAB (non formal education) : BXAEH
WE - HERRE  RE- LHRALTS -
( Eﬂ?i%?ﬂ% )

KiBEBEZBS
education for

sustainable

development
(ESD)

=]

K%%F@HM
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=, Ly 2
KIBESERAB
Education for Sustainable Development

1987 F B SEBIAE 0] " KESZREE 1 (education
for sustainable development, ESD)

19NEBLAMIKSEG P BB +—HicHEE
(Agenda 21)SF36EPEM " EEHE - REART
ARSI L - ERPENEEETFRE .

o INZEEMZE (improving basic education)
- B#E] MIRTFZE B [O(reorient existing education)

o BEFR N A HYRE A2 B B H (develop public understanding
and awareness)
o 1 &ll(training)

JH

KBERRABNEARSLRELEEE

« It "IRIFHE L #REE - U M EE

- 2T%k{E(globalization)
© g % £33 FE (trade and development)
Rl /> B B (poverty alleviation)
1 7'_K?.<E JH & P4 E (sustainable consumption and production)
0 ?i E A ¥ (social equity)
14 Bl £ %5 (gender perspectives)
E$ BE {5 Z= 2 (understanding of different cultures)

« AEHEIKBERENHE - MER M KEZENS

BAB
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FIKEMAE | LERTERE R B

IRIR £ T

a3 K AEIR AR B

e RERK - BB | HEEBEFE BEHERE
ENEE

R HE REEEES | EARERLE HFIERZEE
ERRIEE ST F'ﬁ =

s BEEEZERE |BUBEXRAME S/ABNHEEKL
R ZEE | KRR

BEE |ASBEBNL |MENEEAR |BF =RELE
MEEREEE | MEE SR

o o™ ;:) f\.v s 4,
M Y . Yy,
i A

MEBXERRUBTF

UN Decade of Education for Sustainable Development
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EEXERRAB TENHBAER

Teaching and Learning for a

SS‘?I' AINABLE FUTURE

ult:medla Teacher Educatlon Programme

P) GeﬂingStrted |
AN —N

¢ 'Curr:culum Rationale
© Across the Curriculum
W Curriculum Themes |

@ UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANISATION, Version 3.0, 2002

r P
74 N}
-

Education for Sustainable Development

United Nations Decade (2005-2014)

UNDESDW@%
ZE\EQEEH’,E EELERHJEH\EI
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FANHBEBIRABRAE £E

Education for All (EFA) International Coordination

» Early Childhood ( FHAZE T )

e Primary Education ( #)E# B )

» Secondary, Technical & Science Education
( &k ~ FivEREHE )

» Higher Education ( &5 #E )

o Literacy ( #=F= )

\\\\\

» Teacher Education ( #EMES )
B : UNESCORIEFAICHBIS

BE A EAT EERE KERERE
EEEE%(LV Dept. of Economic & Social Affairs)

 Climate Change ( SRIREE )
* Energy ( BEIR )

o Indicators ( ¥61% )

* Major Groups ( E%Eiﬁ%ﬁz ;

 National Information ( BIZxE5H )

* National Sustajnable Development Strategies (NSDS)
( B KIESR R RS )

» Partnerships ( (X B8 )

* Small Island Developing States (SIDS) ( /NS5 /=
FES)

* Sustainable Consumption and Production (SCP) ( K&
HEBER)

o Water (7K )
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KBEERHB

education for
sustainable

development
(ESD)

XEHRREHBE
i KBRRENBBAEEE

kS EE+FEEZOA AT E

WEHAB

« IKER(Water)
» BEJR (Energy)
o 2 FE (Health)

« 235 (Agriculture)
o REY)Z 14 (Biodiversity)
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BA)+20E &) £ fE 2 FR R R R
- X5 RMBERIARK

(The future we want)
o T8 :
o PUBIR B B A E Y4 B &S (ereen economy)
o KB R AVHIE 2218 (institutional framework)
- FHERE
- TAZE - BEIR - WTh - BB - K Q’E,i)%)i%
¢
7 B¢

XBERRAFNEIKER R R

o REREE
« KER
o
- BEXBIERYE
« EMBIEMERE
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XAB SRR E

« WATEER

o 1L

o RER{EE

o MRS

« XIEHE

« WEZ XGRS

St
i

SHRIYAT BIREREETI

« BESBIIPCCIR007FBMAIRIERE - MAAARIRAK
RERRBREZ FEIXKIEN O GEE(E

Atmosphere-Ocean General Circulation Model projections of surface warming
g—— 2020 - 2029 2090 - 2099

G.Ug_mﬁ = :
[ om— B n 5

5 5.0 = = Year 2000 constant - A2

g4oF | v | —t——
E_¢ ¢ .

] E :

o - .
-—rh— :

A - X
P
-, - ﬂ;
B1 o .
- -
ﬁ-A-f__-—'_?
o

1152253354455 45865
(*C)
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s REMTRA ?

o« BRRIZEZES R/ \EIPCC)R B E 813081/
25002 RIER - SRFEEREAIRBEL -

200
post-SRES range (80%)

(=1 £ i—ﬁ ; AIB / Post-SRES (max)
O —~ 80| —
E}%E Qﬁ - . = L == B1 '
_ Swi :
: { 1 /
= ﬁ‘g,ﬁ ; — AIT
N ¢ W —ee
— Abim Q 1201
= -
- Jﬁ% 2 100
7]
A= i = |
- ®ix £ ®
O
$ e
g % ;
- B &S 20/  Post-SRES (min)
€
- EE.E ...... o : P— i
2000 2020 2040 2060 2080 2100
Year

P
MR ENARIEEBNIRIZHEE

o IRAL R BEST 8 1B IPCCRIR = jfﬂﬁ
JﬂLﬁHEA?QE«J %T%E’JTU‘T%#E; 3y S
. —H_—,:E!j-ZEnR ' M\M\ E#ﬁézg A &E 7N %
£\ R KBS B
BB L FEREFRABUR  HBEEN
SERZEAE S MRS - RUE
( REERTTXIESE )
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IRIREERY
RIF

BIEHE — R NE LRI ?
—ERFINEIE ?

HEENIRIRA BB ER

« 2B | BHRIRIBH B RIE RS

- NE : EEIRIEREIRE - WHRARIRIRREIRE
) R0 Rk A% 175 £ A 52 PO 1A

« HE | BREHNBFRIENIGE - WHEAZES

- 5 BENBEHBEER - WRIRIEA
BIRIFEE

- (&7 - BEEREFNEERKIINASEEE

32



RIBHEEHMEERRTZEHR

RIRABEER] : 2B

cEERESE !
BRI RR BI1E
- HRNBERIREBBEN B
o [B]38 0\ (empathy) £2 Mt B (altruism)
- BE R BE(self-efficacy) : BB BN E

57
i Y. -
9
4

)

Il

RIFRABEER) . B

IR - WRARIRIGERE B S A 1S AR AR

o IR 15 B P RO R 5B s ER
- RIREBEAZIKIRIE
o XEEBRRAAE PRIBAREE (KEIR - Fh
K~ EHhERE - ERIFE)
- FGEAETE B - REBEY S
o NREMBLAR? o
- ISR B B RIEEBHE ? I?
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m == " -~ 4
IRIRABERS . #B
ERFEREERE  TRRPREE
B RIBEAETZ

- ABEMERRE R
c AMHNERST . qp‘, A
- B BRI L ). ;s&

- AERFEREZR )
- HENEREATaRIBETE
° %ﬂ*ﬁ%ﬁ%ﬂ%iﬁ%ﬂméi?ﬁ%ﬂﬂwﬁ
- FENARBRRZERE N EFEFRTH|

[222] - — . A
RIBABEZERS . 5
EREEARAR  WARANERBEE

« IRIRA BN HE ER
o fLE AE EIE ~ 24
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 RIBHBIRFERE
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- IRIRH B RS

34



RIBHEEHMEERRTZEHR

IRIBHBEERS . Bi&
BA RN R R REEE

o BRI
- IR ABEAER S &S EERA
- XEERARR - BEABEKE
c NFHRBREREVNANEE
- BREEE W
- IFRREASEIEIRAB
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EAREIE(]) | A2 T LEENERE,
IREE LB REREE -
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PR 2011/4/6

"IRIRHE AR L RECHSHIER LI - /N2
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TREIE(]) : AR " LBERER,
IRIFH B ABBRMER

| RS 201055718 |

HREIRIEHBEZTENE R JRRERIR
HEEE  WHHREHBEAE - BIEH
BB AIRIRHBERINT © HPIRIERAE -
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NEEEEHE - SRS TSR B
BRI ZMEEANB-FE ZL TS
f’i; BN - BESIIN/NEIA RS
= .

36



RIBHEEHMEERRTZEHR

EAREIE(]) | A2 T LEENERE,

o IFHERRIAFERZZE
- ZRE2DIEVNRIRIEARE

« EIVNFIRIBHBNASTELT
c RIBHBEAIRHIRE

fﬁlfﬁaiﬁﬁuﬂﬁ B ZER1E A - AT - AR
iR BR(&8) PHNEE - 25 F
ﬁﬁ.a BIEREMEHHL -

° 11k
- AHRMNFZJLIAE

IS IERIT A T FEE A B

II.IJ

IRIRA B REREIRIE

(KEECS+ KCEIA)XAS =EEdO

* Keres(K1): knowledge of environment, ecology,
culture, and sustainability ( IRIFFIE2HEEENE )

o Kepa(K2): knowledge of communication,
education, interpretation, and audience ( B E1&

AR RO )
o AS: appropriate strategies ( B = RIKES )
e EEdO: environmental education opportunities
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Effects of rapid climate change and habitat fragmentation on tree

growth and associated biodiversity

Alistair S. Jurnp1 , Liam Cavin', Sarah Greenwood', Jan-Chang Chen’,

Chaur-Tzuhn Chen’

Global climate change and habitat fragmentation are critical and interacting
aspects of global environmental change. Using case studies from Europe and Asia, I
will discuss biological impacts of these environmental changes on woody species and
their associated communities. I will begin by discussing how habitat fragmentation
can lead to alterations to the breeding system and genetic integrity of populations, why
it may not always do so, and then how changes in population area might impact growth
and demography by other means. Subsequently, I will discuss the impact of both
gradual changes in climate and extreme climatic events for the growth and
establishment of tree species and how shifts in competitive dominance between species
in response to such events might lead to reordering of the community. [ will then
move on to discuss the community-level implications of changes in tree growth and
distribution in more detail, linking mountain case studies to more widespread lowland

changes that are predicted over coming decades.

' University of Stirling, UK
?NPUST, Taiwan
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Effects of rapid climate change and habitat fragmentation
on tree growth and associated biodiversity

Alistair S. Jump, Liam Cavin, Sarah Greenwood, University of Stitling, UK
Jan-Chang Chen, Chaur-Tzuhn Chen, NPUST, Taiwan

Climate trends

Normean H T R Current rapid
osf T e — wam s —— o o«  anthropogenic warming is
e set to continue

GroaaL Mean Warmng:

Temperature anomaly (C wrt 1961-1990)
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0.9 s FAR > >
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Biogeographical impacts of temperature changes in mountains

Nival zone

Alpine zone

Treeline

Montane forest

>

NOILYHEOIN

Extinction

Habitat loss

Reduced
habitat area

Reduced
population
size

As temperatures rise, ranges shift upwards in altitude... the so called
‘Elevator to Extinction’ now seen in a range of plant species and

vegetation types

Implications beyond mountain regions:
altitude-for-latitude comparisons

Species’ latitudinal distributions
compressed into narrow
altitudinal bands

Linked to decreasing
temperature with increasing
elevation

(~5-6.5° C per 1000 m)

Temperature declines with
increasing latitude also

(~6.5-7° C per 1000 km)

Altitude (km)

'Cotopaxi
6 p

Mt Everest

IMt. McKinley

Ll ) L L] I T
111 223 334 446 557 668 77.9 890
Surface distance north from equator (km x 100)

Modified from Korner (2003) Alpins Plant Life. Springer
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Altitude and latitude comparison

Mountains Lowlands
Migration capability exceeds displacement Migration capability lags behind displacement
1°Cincrease =167 m disp 1t < 1 year migration 1*C increase = 145 km displacement = 320 years migration

& alpine i Range retraction zone
= * Large-scale forest disback
Loss of forest cover
Fall in carbon sequestration ability
Transitional and/or unstable plant communities

Temperate forest.

100
Latitude (km)

Climate-driven shifts in species distributions in mountain regions
are expected to be mirrored by lowland range shifts over distances
some 1000 times larger and over much greater areas

Both are occurring in generally highly fragmented or degraded
landscapes

Overview

= |mpacts of habitat fragmentation
= Intraspecific diversity (population genetics)
»= Tree structure and demography

= Range shifts and growth impacts in Europe
»  Gradual growth decline
*» |mpacts of extreme events
=  Community level consequences

= Range shifts in Taiwan
= Shifts in mountain forest distribution
= Impacts on co-occurring species
= Changes above the treeline
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Montseny Mountains, Catalunya, NE Spain.
- Temperate stage dominated by Fagus sylvatica

2830 ha continuous forest
covering the full altitudinal range
of the species in this region
(1000 — 1650 m a.s.l.)

Montseny Mountains =

Fagus sylvatica distribution in the Montseny Mountains

Continuous forest:
2830 ha

4630

4625

4620

Forest fragments:
<52 ha
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Theoretical effects of habitat fragmentation

Reduction in genetic diversity

+ Divergence of populations

» Increasein inbreeding

* Decreased core habitat

Changes to microclimate and biotic interactions

But. ..

+ Fagus sylvaticais wind pollinated

+ Mastflowering

+ Strongly outcrossing

* Dominant (monospecific) in this system

Evidence of only minor effects of fragmentation from studies on similar
species

- Some have predicted that it is at relatively low risk from habitat
fragmentation

‘ Experimental design

;’ 3¢ 1 | 7 continuous forest plots and 7 fragments
e 50 trees per 20 ha plot

]
iy € microsatellite loci
&‘/ Average 2.9 — 12.6 alleles per locus per sample
e = | |
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Results
Forest Continuous P

fragments forest
Genetic differentiation (Fst) 0.029 0.010 0.0016
Inbreeding coefficient (Fis) 0.127 0.062 (=0) 0.0028
Genetic diversity:
Number of rare alleles absent 23 5 0.00004
Allelic richness 8.25 9.34 0.0044
Observed heterozygosity (Ho) 0.61 0.65 0.062
Gene diversity (Hs) 0.70 0.69 0.75
Results

Forest Continuous P

fragments forest
Genetic differentiation (Fst) 0.029 0.010 0.0016
Inbreeding coefficient (Fis) 0.127 0.062 (= 0) 0.0028
Genetic diversity:
Number of rare alleles absent 23 5 0.00004
Allelic richness 8.25 9.34 0.0044
Observed heterozygosity (Ho) 0.61 0.65 0.062
Gene diversity (Hs) 0.70 0.69 0.75
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Breeding system:

Assessment of the relationship between the genetic distance
between populations and their geographic separation

018

Forest fragments O * No relationship in continuous
0.16 P =0.0422 Continuous forest ® e
forest — apparent panmixia

0.14 4

0.12

« Significant isolation-by-
distance in fragments

0.10 4
0.08 4

0.06 4

* Fragmentation has disrupted
the breeding system observed
in continuous forest

Genetic distance (Nei 1972)

0.04 4

0.02

0.00

Geographic distance (km)

Genetic effects of fragmentation:

*Increased divergence between populations
sIncreased inbreeding

*Genetic bottlenecks

*Decreased diversity

*Disrupted mating system

But... increase in inbreeding remarkably high given population
fragment sizes.

E.g. iff=1/2N then f=0.00016 for the smallest fragment

(assuming that 20% oftrees are reproductive. fis the probability of bi-parental inbreeding)

Do we know less about population history than we think?
Are these accompanied by changes in health or demography?
Is there evidence for unexpected demographic-genetic feedbacks?
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Population health and demography

Climatically (semi) controlled comparison of forest fragments and
continuous forest

Six plots/treatment
Three 20m x 20m quadrats/plot

Seedling production
Adult census

Growth form
Defoliation
Death
Climatic Atlas of Catalunya
PSS o Local meteorological stations (y¢)
|_ Extent of Montsany Natural Park o Forest fragments samples
@l Distrition of Fagus sylvatica ® Continuous forest samples

}‘1? Mateorological Station

Population health and demography

i

f

[
Defaliation Index (%)

1

Fagus sylvatica seadlings ha' 1

Number of stems per individusl
Sood iRg incorporation irto the <f oloee (%)

Contivwors brest Fragmented brast Confinuous forest Fragmented Brast

In fragments (m):

Seedling production is lower (774 v 25917 seedlings ha)
Greater defoliation (11.61% v 2.89%)

Greater incidence of multi-stemmed trees (3.6 v 2.2 stems tree ")
But lower relative mortality (87% v 99%)
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Long-term population structure

800

2
e

&
a

Number of individuals.ha ™!
] -]
a a

=1
a

o

BNE IR FEIN 10 00 ST EX-T0 TS N WE-ImE T

Basal area per individual (om*)

Despite substantially reduced recruitment in the fragments, overall size
structureis equal

Demographic compensation? E.g. Poor seedling production balanced by
lower mortality — density dependent?

Implications for surviving individuals?

Demographic - genetic feedback?
Establishment microsite limited — inbred trees (£) competitively inferior

44 3
pa, ) (4 A

e SO

A 3

ﬁ%ﬁ 2t r 2t

High seedling production + high mortality Low seedling production + low mortality
trong selection against inbred trees Weak selection against inbred trees

4 4 3
4, 4, 23 % 4
& 4 42 13 3
Continuous forest Forest fragments
16 establish— 6% inbred 16 establish— 50% inbred
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Summary so far...

Forest fragmentation in Fagus sylvaticahas had significant negative
genetic impacts:

* Genetic bottlenecks, decreased genetic diversity — may decrease further in the future,
population divergence, break up of the species’ breeding system, elevated inbreeding -
surprisingly high given population size

Effects on demography and tree condition are also seen:

Decreased seedling production, decreased crown condition, increase in multistemmed
individuals — indicative of lower habitat quality

Decreased seedling production but age/size distributions equivalent

Demographic compensation via decreased mortality in fragmenis?

Implications:

Demographic compensation unlikely to be persistent — crown condition and implications
for future productivity.

May contribute to genetic decline or hamper any genetic recovery

Even widespread, wind pollinated trees are at risk from habitat fragmentation!

Elevational range shifts

Harsch etal (2009) Ecol Lett. 12, 1040-1043

Treeline shifts since 1900

166 treeline sites surveyed
- 87 advancing e
- 77 stable
- 2 retreating (disturbed)

~

Pefiuelas ef al. (2007) Ecography, 30: 830-838
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Increasing aridity accompanying temperature rise

In many regions, the rapid rise
in temperature has not been
accompanied by increasing
precipitation

= Increase in drought

Mean annual tem perature (&)
-

Particular significance for
retreating edges limited by low 1y=2rr0m 285+ 0 81107, A= 0.2, P <0001
water availability 1800 4

1600

1400 4

1200 4

1000 4

Total annual precipitation

800 4

00

ly=142559-017x #=0.00 P=0.94

1860 1860 1970 1880 1880 2000 2010
Year

Increase ofca. 1.65° C by 2003
compared with 1952-1975 mean

(data from Turé de 'Home, Montseny Mountains)

Impacts of changing climate at altitudinal range limits

Growth: = —
0.6 1Upper limit
04 60
02z
0.0 L‘L-J" il T it o 50 4 A
ws)| Ll J I ' £ i /
0 ° 40 1S i f\ |
-0.4 - b i - ’u' 2
06 é I - rz(_ -'AP}"E L _'!-(\.r_.;central
0.6 {Central forest = : e L7 Upper
0.4 = i ;
AL : e
0.0 .[ 1] g
=

ST

e 1960 1965 1970 1975 1980 1985 1990 1985 2000 2005

¥

Correlations and response functions of adult growth with mean temperature

0.6 {Lower limit
0.4
b2 ] 1 l B Present day growth at the species
o W RS low-latitude, low-altitude range-edge
04 g now 49% lower than pre-decline
-0.6
JJASONDJFMAMI J ’eve",s
Month
Jumpet al. 2007, Ecoscience 14, 507-518
Jump et al. 2006, Globsl Ghange Biclogy 12, 2163-2174
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...and seen elsewhere in the Mediterranean region

0] —oue Quercus cerris, Central Italy
Group 1
T 15]
E
=0
=
=
5
0

1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Di Filippo et al. 2010 Ann. For. Sci. 67 doi: 10.1051/orest/2010031

C 450,
Fagus sylvatica
Appenines, Italy

Both linked to
reduced water
availability

Piovesan et al. 2005 J. Veg. Sci. 16: 13-28

Future shifts in forest composition (Montseny Mountains)

| B Fagussyivatica Interspecific shifts in recruitment

B Quercus ilex

% at the range edge:
. Fagus sylvatica = Quercus ilex

= 3 Temperate deciduous forest =2
9 Mediterranean evergreen forest

Percentage of young individuals
for each species (diameter <=5 cm)
5]

HFL CFA LFL

Perivelas et al. 2007, Ecography 30, 830-838 45 -

Shifts in competitive dominance
amongst adult trees in mixed
stands:

—(. robur
Growth is stable in Quercus === C saliva
robur (r2 = 0.35) but decliningin
Castanea sativa (r2 = 0.49) and

Fagus syivatica (r2 = 0.51)

—F. sylvatica

Tree basal area increment (cm?)
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Impacts of extreme events within and between species

Core distributional
region for Fagus
sylvatica and Quercus
petraea

Investigation in an £°%%
area not confounded
by range retraction

Minimum intervention
woodland in the UK

Fagus syivalica (European beech)

Long-term monitoring
site since 1945 — tree
presence, abundance,
condition

Severe droughtimpact in 1976 — Fagus
sylvaticashowed responses of 1) death,
2) severe damage, 3) defoliation

Was it ‘extreme’? - Periodic drought severity

ik

SPEI
a2 101 2 3

SPI
QP TRR G (R Rt S

I
e

Difference
on

Most severe sustained drought during the last century in 1976
SPEI| - Standardised Frecipitation Evapotranspiration Index

SPEI| - Standardised Precipitation Index (Vincente-Semrano et ai 2070 J. Climate 23: 1696-1718)
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Differential impacts within and between species

a} F sylvatica, severely damaged a} F sylvafics, minimally damaged c} @ petrass

Gooo
Gona

"
L
*Tllh

=

o
'l

R

i 'h"h"

1000 2000 3000 4000 5000 GOOO

Basal Area Increment [mm")
1non - 2000 3000 4000 S000
1ooo 2000 3000 4000 S000

o
o
o

0 870 1880 2010 530 1950 1570 1990 20I0 193D 1950 1570
Year Year Year

Cavin et ai. submitted

1976 event both statistically and

biologically extreme
r Fs cohorts differ in their recovery
T
K Subsequent sudden drop in Qp
7

SPEI Incomplete recovery - reordering

release
o Q =
o ica, minimalty damaged

» F: ics , seversly damaged
@
B
=
@
£
@
.
=
m
@
4
e
nwo
w
m

o

Different susceptibility
between Fs individuals

Fs — stronger competitor
but drought sensitive —

growth suppression

Qp - weaker competitor

but mare drought

tolerant — competitive

1970 1980 1990 2000
Year

2010

p=
2
g
z

Stand-level mortality patterns
mirror growth impacts:

i
B

0oi0m AW A Som

0i0m AW W o S

Extreme events play a role in reducing dominance
and maintaining diversity in mixed systems

— changes in frequency and magnitude will lead to
changes in state

Threshald for shiftin
competitive dominance
'

'

Beech el
dominance |} Sessile oak
4 dominance

- Cause of death
SO dought
ol ition m .

el T Fs:Elevated drought related mortality post
2 i drought.
E
Fo Competition related mortality remains constant.

- HH H H H Sudden increase in out-competition of Q.

(o3 B et [l ot |  POU25aTollowing recavery
Year

IR

| Incraaring fraquancy and s=verity of d mugh>
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Abies kawakamii Central Mountain Range, Taiwan

Treeline behaviour: expansion types

Treeline varies across Hehuan range

No expansion (static)

Expanding over small distance at high density
(closed)

Expanding over long distances at low density
(diffuse)

Ayad
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DBH

« Significantly different between expansion
types:

* Kruskal-Wallis chi-squared = 54.7

* p-value =< 0.001

« DBH at expanding treelines significantly
smaller than at static

Static 1011 18.1 20.9 295 58.6
Closed 13 7.8 121 13.4 17.3 46.8
Diffuse 0.6 .7 11.6 13.9 19:7 56.3

Distance

» Mean distance from interior to edge differed
significantly with expansion type

» Kruskal-Wallis chi-squared = 21.9, p-value
=<0.001

» Significantly higher at diffuse treelines

Static 34.9 37.5
Closed 25 35.5 37 39.7 47 52
Diffuse 50 63.5 72 80.4 91 140
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Consequences

* Treeline expansion impacts:

— Microclimate below, at
and above treeline

— Competition with alpine
plants

— Changes in forest
community

Community disassembly

Individualistic -D'iffer_erjtial
species responses migration
rates _ .

Community
disassembly

lima - Formation of

climatic _

niches novel
community
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Experimental design

3 treeline types

Transects from interior to treeline
Pairs of trees sampled along transect

Species, abundance
DBH, canopy openness,
slope, altitude,

bark roughness

@ e
Closed treeline

Static treeline

No reduction in species with distance

o 10 20

Distance to interiar forestim)

Large reduction with distance

Epiphytic macrolichen species richness varies
according to the pattern of treeline expansion

Small reduction with distance

Diffuse treeline

Cxstance 1o irterior forestim)
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Above the treeline:

Shifts in alpine plant distribution

\j__‘. Rubus rolfei ™

* 24 species
+  1906- 2006

Hayata 1908

*  Distributions and

biodiversity assessed by:

*  Herbarium records:

*  Univ of Tokyo, Kyoto, NTU,
Academia Sinica, Taiwan
Forestry Research Inst.

* Databases: ESRI, Biodiversity
Research Ctr,, NTU, Taiwan

Forestry Research Inst.

*  Historical distribution records:

Species Plant type

Angelica morrisonicola Forb (endemic)
Hydrocotyle setulosa Forb (endemic)
Pimpinella niitakayamensis Forb (endemic)
Anaphalis morrisonicola Forb

Artemisia morrisonensis Forb (endemic)
Aster taiwanensis Forb

Cirsium arisanense Forb (endemic)
Eupatorium formosanum Forb

Picris hieracioides subsp. morrisonensis Forb (endemic)
Dianthus pygmaeus Forb (endemic)
Hypericum nagasawai Forb (endemic)
Sedum morrisonense Forb (endemic)
Gaultheria itoana Shrub

Lyonia ovalifolia Shrub

Rhododendron rubropilosum var. rubropilosum
Swertia randaiensis

Luzula taiwaniana

Pyrola morrisonensis

Rubus rolfei

Spiraea formosana

Spiraea prunifolia var. pseudoprunifolia

Deutzia pulchra

Hemiphragma heterophyllum

Triplostegia glandulifera

Shrub (endemic)
Forb

Rush (endemic)
Forb (endemic)
Shrub

Shrub (endemic)
Shrub

Shrub

Forb

Forb
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Upward distributional shift by
an average of 3.6 m per year

Total mean migration: 213 m

Upward shift of isotherms: ca.

210 m
4500
4000 4
é 3500 4
4]
©
S
£ 3000 A
<
2500 4
.. 2000 . ; : ; :
- & /r : N 4P " 1900 1920 1940 1960 1980 2000 2020
Py:”'ﬁ[&%ﬁornsal’b\ws (Jump et al. 2012, Ecography) Year

20000
17500
15000

12500 *High proportion of endemic
heas ] species at highest altitudes

7500

2500 - *Highly biodiverse

Land area (ha)

w03 *Implications:

Taxon richness

s *Upward shift- extinctions due
2 toincreased competition

1.0 4 ——@—— Family
—O0— Gems 7

081 — S *Loss of distinctiveness of the
high altitude flora — biological
homogenisation

0.4 1

0.2

Taxon density (taxa ha™')

0.0 1
T T T
2000 2500 3000 3500 4000
Altitude (m)
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Impacts of gradual change and extreme events elsewhere

Range expansions reported — e.g. invasion of trees and shrubs into Arctic
tundrain Alaska

Reports of regional
dieback events linked
directly or indirectly to
drought:

T T /3
Photographs T. Hogg/M. Michaelian.

...and the canaopy in 2006

Rapid dieback events

Srear mormy o STy a9 (PR
e st | ) Bt 2001 2002 gt
FuIne At 2one o SamAERewE, Cane

(From Allen, 2009: Unasylva 231/232 (60), 43-49)
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Implications

= Elevated temperatures and increased drought
stress are having a significant impact on trees
from the distribution of species to the growth,
reproduction and genetic composition of
populations

= In Fagus sylvatica, we are witnessing rapid
growth decline at its equatorial range edge and a
shift to other temperate or Mediterranean
broadleaves

= ‘Stable’ range core populations and
communities are also susceptible to
climate driven changes in growth and
composition

= Changes in distribution will alter
communities of dependent species

= Such changes are seen across life
zones — not just at the forest/forest
margin

grant 6]04?/2005 Natural Environment Research Councn (NERC grant NEIGUOZ118I1)
Royal Society, Royal Society of Edinburgh, National Science Council of Taiwan.

UNIVERSITY OF

STIRLING

RESEARCH COUNCIL

NATURAL EB
_é ENVIRONMENT Do Pine  NPUST deniwnit g
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The Situation of Execution and Development of Environmental Education in NTU

Experimental Forest

Wang, Ya-Nan' Lin, Li-Chen? Chiu, Yueh—Ying3

Abstract

The Experimental Forest, College of Bio-Resources and Agriculture, National
Taiwan University (hereafter referred to as the Experimental Forest) was established in
1902, covering 32,786ha, situated in Nantou County, central Taiwan. The terrain rises
from 220 meter above sea level at the Shrili to 3,952 meter above sea level at the peak
of Yushan. The Experimental Forest represents Tropical, Sub-Tropical,
Warm-Temperate, Cool-Temperate zones. Each climatic zone has special animals and
forest types that make this forest area worthy. It provides a researching, teaching and
conservation field.

The Xitou Nature Education Area was examined by Ministry of Education to be
the first forest recreational area in 1970. Then it become a Nature Education Area in
2004. In 1992, Xitou was one of the Natural Biological Environmental Education
Center of Ministry Education. Xitou has held natural education activities, 1,195 stages
from 1992 to 2011. The number of the participants is 205,447.

After 921 earthquakes in 1999, except Bamboo Arboretum, Conifer Arboretum,
Nursery, Greenhouse, Measuring Weir, and each types of Forest, the Xitou Nature
Education Area has Forest Natural Ecology Exhibition Center, Plant Evolution
Exploration Park, Forest Exploration Park, Sky Walk, Meadow-Outdoor Performance
Amphitheater, Eco-engineering model area, Astronomical Observatory, Essence of

bamboo charcoal classroom, Insect Camp, and Firefly Camp, etc.

! Manager, The Experimental Forest, College of Bio-Resources and Agriculture, National Taiwan
University. No12,Sec.1 Chien-Shan Road, Chu-Shan, Nan-Tou Hsien, Taiwan.

* Director of Education and Recreation Division, The Experimental Forest, College of Bio-Resources and
Agriculture, National Taiwan University. No12,Sec.1 Chien-Shan Road, Chu-Shan, Nan-Tou Hsien,
Taiwan.

? Contract Staff, The Experimental Forest, College of Bio-Resources and Agriculture, National Taiwan
University. No12,Sec.1 Chien-Shan Road, Chu-Shan, Nan-Tou Hsien, Taiwan.
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In July 25", 2012, the Xitou Nature Education Area gained the authorization of
environment education facilities and places. It helps Xitou provide participant,
lifelong-learning environment education work and make a high quality natural

education area.

Keywords : Environmental Education, Xitou Nature Education Area, Environment

Education Facilities and Places
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Study on the Stand Dynamics on Shaolaishan Natural Forest

Chin-Cheng Chang' Ming-Hsun Chan**

[ Abstract]

Shaolaishan, located in the Heping District of Taichung City, ranges from 1800 to
2300 meters above sea level. The river system in the area includes the headwater
tributaries of Shaolai Si, Dajia River, and Daan River, with humid temperate climate.
The montane vegetation in this cloud zone is characterized by Machilus-Castanopsis
Zone and Quercus Zone . In this studay, double sampling method was used , and the
homogenity of sampling environment was taken into consideration. By referring to
aerial photos, an area of 100 hectares was selected as the big sample, and then divided
into 100 one-ha units. By means of simple random sampling and systematic sampling
(K=5), nine sample plots were selected for timber and forest land investigation. With
FIA sampling design, the timber research had been carried out in a 0.612-ha area, and
was completed in June, 2012. Afterwards, a series of DBH horizontal analyses, vertial
tree height analyses and stand desity analyses were carried out to get the preliminary
information of stand structure. Also with the use of FWJ221 software, perspective
diagrams of vertical stand structure and canopy horizontal stucture were drawn in
order to predict the dynamics of stand structure. By analyzing the research result,
among the tree species, Castanopsis carlesii was found to have the highest IVI index
(18.36), followed by Eurya loquaiana (17.03), Neolitsea acuminatissima (Hayata)
Kanehira & Sasaki (16.48), Cinnamomum randaiense (16.28),Machilus zuihensis
Hayata (16.13). In terms of tree families, Lauraceae (35.62) and Fagaceae (21.09) were
the most dominant ones. Using Weibull Probability Density Function to simulate the
diameter distribution, a J-shape curve was produced, which was precisely the standard

diameter distribution of natural uneven-aged broadleaved forests. The non-juvenile trees

' Graduate Student, Department of Forestry and Natural Resources, NCYU. No.300 Syuefu Rd., Chiayi
City 60004, Taiwan.

% Assistant Professor, Department of Forestry and Natural Resources, NCYU. No.300 Syuefu Rd.,
Chiayi City 60004, Taiwan.
* Corresponding author
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with dbh of 12.5 cm and above had an average tree height of 15.3m. After calculating
the average standard deviation of 4.3m, a vertical stand structure analysis was
developed. The canopy was categorized into emergent layer, canopy layer, and
understory layer. With evident vertical differentiation of canopy , the non-juvenile trees
showed their growth dominance. The forest floor was abundant in advanced
regenerations of shade-tolerant species and shrubs, and typical multi-storied stand was
materialized gradually. By synthesizing the ecological indexes and stand characteristics
of the sample plots, it was discovered that the research area in this study belonged to
uneven-aged stand structure, and a reverse J-shape curve revealed its main diameter
distribution. The diameter distribution in the sample plots was mainly small diameter
trees and medium diameter trees. The primary tree species that yielded ingrowth were
such as Castanopsis carlesii, Neolitsea acuminatissima (Hayata) Kanehira & Sasaki,
Cinnamomum randaiense, and Machilus zuihensis Hayata, etc., which would be

dominant species for future succession.

KeyWords : Shaolaishan ~ Stand structure ~ Stand dynamics ~ Machilus-Castanopsis

zone ~ Quercus zone ~ Weibull probability density function ~ canopy
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Mosquito Larvicidal Activities of Leaf Essential Oils from

Magnoliaceae in Taiwan

Sen-Sung Cheng'* Chih-Kai Yang' Chun-Ya Lin* Yi-Hsiu Liu®
Shang-Tzen Chang” Chin-Gi Huang’ Ya-Nan Wang®

[ Abstract])

The objective of this paper was to evaluate the mosquito larvicidal activity of three
leaf essential oils from Magnoliaceae in Taiwan against two mosquito species, Aedes
aegypti and A. albopictus. Essential oils were prepared by water distillation. The leaf
essential oil of Magnolia kachirachirai (15.79 mL/kg) has the highest yield than
Michelia compressa var. formosana (9.26 mL/kg) and M. compressa var. lanyuanensis
(5.55 mL/kg). Mosquito larvicidal tests demonstrated that the leaf essential oil from M.
compressa var. lanyuanensis exhibited the most effectiveness against both A. aegypti
and A. albopictus larvae at 24 h with an LCsy value of 66.4 pg/mL and 92.7 pg/mL,
respectively. Constituents of three leaf essential oils from Magnoliaceae were identified
by GC-MS. Major constituents in M. compressa var. formosana leaf essential oil were
y-muurolene (29.24%), a-cadinol (24.19%) and B-caryophyllene (20.00%). Main
constituents of M. kachirachirai leaf essential oil were B-pinene (31.16%),
cis-p-ocimene (21.03%) and o-pinene (13.62%). And main constituents of M.
compressa var. lanyuanensis leaf essential oil were B-elemene (34.79%), spathulenol
(17.11%) and a-cadinol (7.04%). These results revealed that the leaf essential oil of M.
compressa var. lanyuanensis might be considered as a potent source for the production

of fine natural larvicides.

! Associate Research Fellow, Research Assistant, The Experimental Forest, College of Bio-Resources and
Agriculture, National Taiwan University.

* Ph.D. Student, Graduate Student and Distinguished Professor, School of Forestry and Resource,
National Taiwan University.
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Keywords : Aedes albopictus, Aedes aegypti, Leaf essential oils, Magnoliaceae,

Mosquito larvicidal activity
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Evaluation of antifungal activity of wood tars from Cryptomeria

japonica and Acacia confusa

Shi-Pin Huang' Tsair-Bor Yen' Fu-Lan Hsu® Hong-Lin Lee’*

[ Abstract)

Increasing the value and efficacy of utilization for the tree species in Taiwan’s
forest is an important issue in the development of sustainable forest management.
Therefore, the goal of this study is to investigate the potential of wood tars obtained
from Cryptomeria japonica and Acacia confusa as low-toxicity wood preservatives to
increase their utilization and values. Antifungal activities of wood tars produced by
carbonization of wood pyrolysis from the wood of C. japonica and A.confusa, and their
different soluble fractions against five wood decay fungi which included two white-rot
fungi: Lenzites betulinar and Trametes versicolor; three brown-rot fungi: Laetiporus
sulphureus, Fomitopsis pinicola and Gloeophyllum trabeum. Liquid-liquid partition was
used to obtain three different soluble fractions. Antifungal activities were carried out by
agar plate assay, and wood decay resistance was evaluated by the soil block culture
analysis according to the Chinese National Standard method (CNS 6717). Results show
that both wood tars exhibited high inhibition against L. betulinar at 1000 pg/mL. The
results of antifungal activities for soluble fractions showed that n-Hexane soluble
fractions of C. japonica and A.confusa performed better than those of Ethyl acetate
soluble fractions against the same species of wood decay fungus, while non-Ethyl
acetate soluble fractions revealed no antifungal effect at all. Furthermore, results of the
soil block test indicated that wood (C. japonica) treated with 4% C. japonica and A.
confusa wood tars inhibited brown rot fungus (G trabeum) growth with only 2.89% and

3.40% weight loss, respectively, while the weight loss of its control group was 35.89%.

' Department of Tropical Agriculture and International Cooperation, National Pingtung University of
Science and Technology

? Forest Chemistry Division, Taiwan Forestry Research Institute

? Graduate Institute of Bioresources, National Pingtung University of Science and Technology

* corresponding author

159



22, WN2eznEHEMLHTE

Woods treated with 4% C. japonica and A. confusa wood tars revealed 3.26% and
2.98% weight loss against L. Sulphureus, respectively, whereas the weight loss of
control was 32.38%. Moreover, all treated wood decreased the weight loss as the
increase of treatment concentration. In conclusion, the good antifungal performance of
wood tars from C. japonica and A.confusa and their n-Hexane soluble fractions

suggested great potential to be developed as wood preservatives in the future.

Keywords : Acacia confusa, antifungal activity, Cryptomeria japonica, wood decay

fungi, wood preservative.
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Study on the Sporulating propagation of Two Species of Glomus spp.

Chang, Yao-Tsung' Cheng, De-Shan® Hong, Pei-Xiang®
Chen Guan-Ling > Chang, Kun-Piao®*

[ Abstract)

The purpose of this study were to explore the sporulation of two species of Glomus
in different sand media treatment, and determine its formation of arbuscular mycorrhizal
types symbiotic with corn. Sporulation of two strains, i.e. Glomus intraradices and
Glomus etunicatum had the best performance in the treatment 12 and 7 respectively.
Sporulating number were 144 spore/10g-soil and 1153.3 spore/10g-soil, respectively.
This two species of Glomus could symbiotic with corn. Results showed the formation of

arbuscular and vesicular of the typical endomycorrhizal in the roots of cortical cell.

Keywords : Glomus, sporulation, vesicular-arbuscular mycorrhizae
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Sporulating Propagation of Two Arbuscular Mycorrhizal Fungi in
Different Media

Chang, Yao—Tsung1 Lin, Yu-Sheng 2 Xia, Ruo-Lan’ Lai, Qiao—Qi2
Chang, Kun-Piao>*

[ Abstract]

The purpose of this study were to explore the sporulating propagation of two
species of arbuscular mycorrhizal fungi in different media treatment, and determine its
formation of arbuscular mycorrhizal types symbiotic with corn. Sporulation of both
Entrophospora kentinesis and Archaeospora trappei had the best performance in the
treatment 7. Sporulating number were 177.3 spore/10g-soil and 586.7 spore/10g-soil,
respectively. This two species of arbuscular mycorrhizal fungi could symbiotic with
corn. Results showed the formation of arbuscular and vesicular of the typical

endomycorrhizae in the roots of cortical cell.

Keywords : arbuscular mycorrhizal fungus, reproduction, sporulation
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Study on the Culture of Ectomycorrhizal Fungus and Pure Culture

Synthesis of Ectomycorrhizal Acacia auriculiformis A. Cunn.

Lo, Chi-Yang' Fan, Wei-Chi' Chang, Yao-Tsung® Chang, Kun-Piao®*

[ Abstract]

The purpose of this study was to explore the growth condition of four ectomycorrhizal
fungus colonies on different agar medium and determine the ability of two
ectomycorrhizal species synthesized with Acacia auriculiformis seedlings. The growth
rate of four ectomycorrhizal fungus species on different agar medium were faster on
Laccaria laccat and Scleroderma polyrhizum in the PDA medium,and Sclerderma
areolatum and Scleroderma bovista in the YMT medium, respectively. For culture on
different pH agar medium, growth rate of L. laccat, S. areolatum and S. bovista on pH
5.5. and S. polyrhizum on pH 7.5.were the fastest The growth rate of different
ectomycorrhizal fungi species grown in YMT agar medium with different glucose
concentrations, the result shows L. laccat and S. bovista in GO, S. areolatum in G10, and
S. polyrhizum in G15 showed the best performance. Seedlings of A. auriculiformis
synthsized with each of ectomycorrrhizal fungus pure culture of S. areolatum and S.
polyrhizum had shown typical ectomycorrhiza with fungus mantle and hartig net on root.
The external appearance showed monopodial-pinnate with yellow to brown pyramids or

pinnate ectomycorrhizae, respectively.

Key word : ectomycorrhizal fungus, Acacia auriculiformis, pure culture synthesis
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Effects of Biochar Addition to Poultry Manure on the Quality of
Compost

Nien-Chung Lai'  Yao-Tsung Chang® Kuen-Piao Chang’

[ Abstract)

Industrial or agricultural activities always generate large amount of wastes. The
technology of treatment from wastes to organic fertilizer could lessen the pressure on
the environment. On the same time, it also provided the necessary nutrients for the
growth of crops. Compost quality will affect the results after applied, it is necessary to
control the factors in the composting process, such as pH, EC and the various nutrient
elements. This study utilized the different proportion of biochar to add into the poultry
waste for improving the quality of the compost. The results showed that pH and various
elements were highest in the whole poultry compost treated except the EC. This showed
that add biochar can significantly reduce the content of the metal element and pH.
However, there were two high-temperature peak occur in temperature measurement
during the fermentation process of compost. This phenomenon is different from the
other studies. For measurement of metal elements, only the control had higher Cu
content over than the standard data. The measurement of Zn content only occurred in
the treatment of the ratio of one part poultry manure to one part biochar which is
matched to the standard data. In the future, this study will continue to observe the
situations of tree’s growth by pot experiment with our compost, hoping to enhance the

quality of compost and promote the growth of trees.

Keywords: poultry compost, biochar, temperature
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The riparian vegetation of Sinwulyu River Fish Refuge

Chih-Chiang Wang"" Shang-De Tsai’ Kuan-Yin Liao'

[ Abstract])

The aim of this study was to provide the authority appropriate suggestion and
reference by investigating the riparian vegetation of Sinwulyu River and listing the
plant resources and their characters. We set permanent plots along the river bank to the
slope to implement the sequential investigation and keep monitoring for realizing the
succession of the riparian vegetation and the effect of floods. The investigated result
showed that the riparian vegetation types of Sinwulyu River Fish Refuge were classified
into 7 types, including Pinus taiwanensis Type, Alnus formosana Type, Quercus
tarokoensis Type, Quercus variabilis-Pistacia chinensis Type, Zelkova serrata-Sapindus
saponaria Type, Cyclobalanopsis glauca Type, and Miscanthus floridulus-Saccharum
spontaneum Type. It was recorded 709 species (102 species of ferns, 15 species of
gymnosperms, and 592 species of angiosperms) and 141 families of vascular plants
there. The understory plant coverages of the 7 types were all above the highest-tide line.

The numbers of plots without flood effects in June and September were the most.

Kewword: Sinwulyu River Fish Refuge, riparian vegetation.
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