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1. Welcome
We are delighted to welcome you to the 2006 Annual Meeting of the Association for Tropical
Biology and Conservation (ATBC). It is the first time that ATBC has held the annual meeting in
China. With the support of the Chinese Academy of Sciences (CAS), Xishuangbanna Tropical
Botanical Garden (XTBG) has the honor of hosting this important meeting. As this booklet goes
to print, 320 delegates from over 40 countries (regions and districts) have registered for the
meeting and 244 abstracts have been selected for presentation.
One objective of the meeting is to bring the Asian communities of tropical biologists together
with the tropical biologists from other parts of the world. The registration record suggests that
we have achieved this objective. Forty-eight percent of the participants are from Asia,
represented by 17 countries (26.6% from China); thirty-four percent are from the Americas;
European biologists represent 11.6%, Africa biologists about 3.4% and Australia biologists
2.8%.
Of the 244 presentations, 182 will be presented orally in 13 invited symposia and 4 contributed
symposia, with a further 62 as posters presentations.
The first part of the mornings of Tuesday 18th, Wednesday 19th and Thursday 20th July will
feature a total of five plenary lectures by tropical biologists whose research falls within our
theme of “Tropical Biology: meeting the needs of changing tropical ecosystems”. We have
streamed the subsequent symposia into four parallel sessions.
Kunming, noted for its climate of "Eternal Spring", is an ideal destination for tourists and
conferences. Yunnan, in the southwest of China, is a unique province of great biological and
cultural diversity. Being the host for this important meeting, we wish to strengthen international
collaborations with the scientific communities all over the world.
In addition to the 2006 Annual Meeting of ATBC, we have scheduled four other satellite
workshops; these will provide a good opportunity for scientists to share and for us to learn. We
hope all the meetings will be fruitful and all participants have a pleasant time in China.

2. Special Events
ATBC council and business meeting:
The annual ATBC council business meeting will be held in the Meeting Room A (3rd floor) of the
Harbour Plaza Hotel from 09:00 to 17:00 on Monday 17th July. All members are invited to
attend.
Meeting with the Vice President of CAS:
The Vice President of the Chinese Academy of Sciences, Dr. Zhu CHEN, will meet with invited
scientists and ATBC council members in the evening of Monday 17th July.
Reception Dinner:
All delegates are warmly invited to the reception dinner in the Harbour Plaza Hotel (Ground
floor) from 19:30 to 22:00 on Monday 17th July. Xishuangbanna Tropical Botanical Garden,
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Chinese Academy of Sciences, as sponsor of this event, will provide the meal and drinks (wine,
beer and non-alcoholic drinks) for your enjoyment.
ATBC Banquet:
The annual ATBC banquet will be held in the Kunming International Convention and Exhibition
Center from 19:30 on Thursday 20th July. All participants are requested to board the buses
outside their hotels at 17:45.
During the banquet, the out-going and incoming presidents will deliver their speeches, and a
number of awards will also be presented:
•

The Alwyn Gentry Award that was established to recognize outstanding student papers
presented at the ATBC annual meeting. Two awards are given each year, one for the
best student oral presentation, and one for the best student poster.

•

The Luis F. Bacardi Advances in Tropical Conservation Award for young conservation
scientists. This award is provided to the ATBC by an endowment from the Lubee Bat
Conservancy, and is designed to foster high-quality conservation science in the tropics.

•

The ATBC Honorary Fellow Award.

Farewell Party:
The farewell party will be held on 21st July in the beautiful garden environment of Green Lake
Hotel, overlooking Kunming’s famous Green Lake. (In the event of rain, the party will move into
the hotel.) The party will start from 20:00, with drinks (wine, beer and soft drinks) and finger food
provided.

3. Information for Delegates

Location Map for ATBC 2006
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Accommodation:
The designated hotels for ATBC 2006 include Harbour Plaza Hotel, Green Lake Hotel and New
Nanjiang Hotel. The venue for the meeting is the Harbour Plaza Hotel. The other two hotels are
within walking distance of the venue of the meeting. Kunming China International Travel Service
has been helping participants with hotel room booking, and will continue to help you with
check-in services.
Please vacate your room by 12:00 on the day of departure.
Registration:
When you have completed your hotel check-in, please proceed to the ATBC registration desks
in the main lobby of either Harbour Plaza Hotel or New Nanjiang Hotel on Monday 17th July and
follow the instructions to complete registration formalities for the ATBC meeting. From Tuesday
18th July, registration will be in Harbour Plaza Hotel only.
Meals:
The hotel charge includes your breakfast each day; please refer to the hotel directory for
choices and times. Lunch will be served in Harbour Plaza Hotel from 12:00 each day. On
Monday 17th July there will be a reception dinner at the Harbour Plaza Hotel at 19:30. On
Thursday 20th July the conference banquet will be at the Kunming International Convention and
Exhibition Center at 19:30. All other meals are the responsibility of participants.

Meeting Rooms and Coffee / Tea:
The opening and 1st plenary session will be in the Conference Hall of the Provincial Library,
which is about 100 meters away from the Harbour Plaza Hotel. All other plenary and parallel
sessions are in the Harbour Plaza Hotel. Meeting Room A is located in the third floor and
Meeting Room B, C & D are located in the second floor. Coffee and tea will be served in the
poster display area from 10:00 to 10:30 in the morning and from 16:10 to16:40 in the afternoon
as indicated on the Program.

4. Instruction for Presenters
The meeting rooms are equipped with LCD projectors for PowerPoint presentations (Windows
and MS Office). Delegates making oral presentations should bring their PowerPoint
presentations to the designated room as soon as possible after arrival. Our technicians will copy
your presentation from your laptop, zipdisk or CD and transfer it to the single CD-Rom that will
be used for your session. The time allocated for each keynote speaker during plenary session is
45 minutes, and for all other speakers, the time slot will be 20 minutes including discussion.
Delegates making poster presentations can display their posters in the poster display area on
the 3rd floor of Habour Plaza Hotel. Poster boards are 1.2 meters high and 0.8 meters wide.
Posters coded P-1 to P-30 should be displayed from 16:00 on Monday 17th July to 11:00
Wednesday 19th July, and those coded P-31 to P-62 to be displayed from 11:00 on Wednesday
19th July. All posters should be removed in the afternoon of the 20th July.
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5. Tours and Excursions
Those participants who booked tours with Kunming China International Travel Service should
settle their travel plan when they arrive or during the conference.

6. Xishuangbanna Tropical Botanical Garden, CAS
Xishuangbanna Tropical Botanical Garden (XTBG), Chinese Academy of Sciences (CAS) was
founded in 1959. It is the biggest botanical garden in China covering a total land area of 900 ha.
Over 10 thousand species of tropical plants are well preserved in its 34 living collections.
XTBG is a comprehensive research institution engaged in biodiversity conservation and
sustainable uses of plant resources, focusing on forest ecosystem ecology, conservation
biology and resource plant development. Facilities available for scientific research at XTBG
include two national field research stations (Xishuangbanna Tropical Rainforest Ecosystem
Station, and Ailaoshan Station for Forest Ecosystem Studies); laboratories for biogeochemistry,
molecular biology & biotechnology, plant phylogenetics & conservation biology, physiological
ecology; a germplasm bank for rare & endangered plants; and a herbarium of tropical plants. In
addition to the headquarters in Xishuangbanna, an important division has been setup in
Kunming, the capital city of Yunnan Province.
The garden itself is also a national base for public education; it receives over 500,000 visitors
each year.
Currently, XTBG employs with 260 staff members, including scientific researchers and technical
personnel. There are about 180 postgraduate students and postdoctoral or visiting scientists.
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7. Program Overview
7.1

Date and Venue for Each Symposium

Date

Meeting
Room

# of
Orals

01 Vertebrate pollination - specialists vs. generalists

18 July

A

6

02 Asian tropical biology and conservation: analysis and future directions

18 July

A

8

03 Large-scale restoration of tropical ecosystems

20 July

A

9

04 Landslides and large-scale organization of tropical montane ecosystems

18 July

B

16

05 Biological invasions in the tropics

19 July

A

14

07 Tropical mutualisms in the community context

21 July

A

8

09 Reproductive ecology of tropical plants

21 July

B

6

10 Forest canopies - life, atmosphere and people

19 July

B

10

11 Epiphyte diversity - global patterns, global change

21 July

C

6

12 Indochina to Australasia: a grand biogeographic experiment

19 July

C

11

13 Friendly and unfriendly animal-plant relationships:

20 July

C

14

20 July

B

12

15 Comparative ecology and ecophysiology of tropical forests and savannas

18 July

C

11

16 Contributed Symposium: Vertebrates and invertebrates in tropical ecosystems

18 July

D

13

17 Contributed Symposium: Diversity and functioning of plants in forest ecosystem

20 July

D

10

18 Contributed Symposium: Multiple approaches in ecosystem process study

21 July

D

8

19 Contributed Symposium: Management of human influenced tropical ecosystems

19 July

D

14

#

Symposium

harmony and discrepancy between dispersers and predators
14 Land-use, landscape management & environmental services
in montane mainland Asia

* Venue: Meeting Room
Meeting Room

A:

3rd Floor of Harbour Plaza Hotel

B C D: 2nd Floor of Harbour Plaza Hotel
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7.2

Time and Space Allocation

DATE

17 July

Venue *

18 July
A

B

C

19 July
D

A

B

20 July

C

D

A

B

21 July

C

D

Plenary Session 1
Plenary Session 2
Plenary Session 3
Conference Hall, Provincial Meeting Room A, 3rd floor Meeting Room A, 3rd floor
Library
Harbour Plaza Hotel
Harbour Plaza Hotel

08:30-08:40
08:40-09:00
09:00-09:20

Keynote speakers:
Keynote speakers:
Roger. L. Kitching
Richard T. Corlett
Andrew W. Mitchell
Ariel E. Lugo
Break + Poster session

Opening
Keynote speaker:
William F. Laurance

09:20-09:40
09:40-10:00
10:00-10:30

A

B

C

D

7

9

11

18

7

9

11

18

7

9

11

18

7

9

11

18

Break

10:30-10:40
11:00-11:20
11:20-11:40
11:40-12:00
12:00-12:20
12:20-12:40
12.40-14.30
14:30-14:50
14:50-15:10
15:10-15:30
15:30-15:50
15:50-16:10

ATBC Council Business Meeting

10:40-11:00

1

4

15

16

5

10

12

19

3

14

13

17

7

9

11

18

1

4

15

16

5

10

12

19

3

14

13

17

7

9

11

18

1

4

15

16

5

10

12

19

3

14

13

17

7

18

1

4

15

16

5

10

12

19

3

14

13

17

7

18

1

4

15

16

5

10

12

19

3

14

13

17

1

4

15

2

4

15

16

5

10

12

19

3

14

13

17

2
2
2

4
4
4

15
15
15

16
16
16

5
5
5

10
10
10

12
12
12

19
19
19

3
3
3

14
14
14

13
13
13

17
17
17

2

4

15

16

5

10

12

19

14

13

17

2

4

19

14

13

14

12
Lunch Break

16:10-16:40
16:40-17:00

13

Break + Poster session
16

5

**

17:00-17:20

2

4

16

5

**

19

17:20-17:40

2

4

16

5

**

19

5

**

19

17:40-18:00
18:00-18:20

19:30-

4
4
Meeting Room A:
ATBC Asian Chapter
Inaugural Meeting
Reception
(open to everybody )
Dinner
………………………….
(Harbour
Meeting Room B:
Plaza
Workshop on biophysical
Hotel)
processes underlying
landslide formation
(open to everybody)

Leave for KMICEC
At 17:45 by bus

Meeting Room A:
Special meeting:
Conservation Committee

Meeting Room B:

Biotropica Session

13
13

**

………………

The Annual Banquet
at
Kunming International
Convention and Exhibition
Center (KMICEC)

(open to everybody)

10 minutes overview by symposium organizers
*

The Provincial Library is 100 m from the Harbour Plaza Hotel
Meeting Room A :
3rd Floor of Harbour Plaza Hotel
nd
Meeting Room B C D: 2 Floor of Harbour Plaza Hotel

**

Discussion session (Symposium #4, Meeting Room B, 19 July 2006)

8

free

Farewell Party
(Green Lake Hotel)
Start at 20:00
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7.3

Daily Program

Mon. 17 July
Arrival of participants
Registration at Harbour Plaza Hotel from 10:30 onwards
ATBC council business meeting
19:30

Reception Dinner (Harbour Plaza Hotel)

Tues. 18 July
08:30 -10:00

Plenary Session 1
Venue: Conference Hall, Provincial Library of Yunnan

Opening
10:00 -10:30

10:30 -12:40

12:40 -14:30

14:30 -16:10

16:10 -16:40
16:40 -18:20

19:30 -

Keynote Speaker: William F. Laurance
Tea Break & Poster Session (P1-P30)
Meeting Room B
Meeting Room C
Meeting Room A
rd
(2nd Floor)
(2nd floor)
(3 Floor)
#1. Vertebrate pollination #4. Landslides and the
#15. Comparative Ecology
and Ecophysiology of
-specialists vs. generalists Large-scale Organization of
Tropical Montane Ecosystems Tropical Forests and
Savannas
(10:30 -16:10) [ 11 ]
(10:30 -12:40) [ 6 ]
(10:30 -18:20) [ 16 ]
Lunch Break
#2. Asian Tropical
(cont.)
(cont.)
Biology and
Conservation: Analysis
and future directions
(14:30 -17:40) [ 8 ]
Tea Break & Poster Session (Cont.)
(cont.)
(cont.)

Meeting Room A, 3rd
Floor): Inauguration of
Asian Chapter
( open to everybody )

16:40 -18:20

19:30 -

(cont.)

(cont.)

(cont.)

Workshop in Meeting Room B:
Biophysical processes underlying
landslide formation
( open to everybody )

Wed. 19 July
08:30 -10:00 Plenary Session 2
Venue: Meeting Room A (3rd floor, Harbour Plaza Hotel)
Keynote speakers: Roger. L. Kitching & Andrew W. Mitchell
10:00 -10:30
Tea Break & Poster Session (Cont.)
Meeting Room B
Meeting Room C
Meeting Room A
rd
(2nd Floor)
(2nd floor)
(3 Floor)
#12. Indochina to
#5. Biological Invasions #10. Forest Canopies - Life,
Atmosphere and People: The Australasia: A grand
in the Tropics
biogeographic experiment
environmental, social and
10:30 -12:40
economic values of forest canopy
biodiversity
(08:30 -16:10) [ 11]
(10:30 -16:10) [ 10 ]
(10:30 -18:00) [ 14 ]
12:40 -14:30
Lunch Break
(cont.)
(cont.)
(cont.)
14:30 -16:10
16:10 -16:40

Meeting Room D
(2nd Floor)
#16. Contributed
Symposium: Vertebrates
and invertebrates in
tropical ecosystems
(10:30 -17:40) [ 13 ]

Tea Break & Poster Session (P31-P62)
Reserved for discussion session
(Symposium #4)

rd
Special meeting for Conservation Committee (Meeting Room A, 3 Floor)
Biotropica Session: (Meeting Room B,open to everybody)

9

Meeting Room D
(2nd Floor)
#19. Contributed
Symposium: anagement
of human influenced
tropical ecosystems
(10:30 -18:00) [ 13 ]
(cont.)

(cont.)
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Thurs. 20 July
08:30 -10:00 Plenary Session 3
Venue: Room A (3rd floor, Harbour Plaza Hotel)
Keynote speakers: Richard T. Corlett & Ariel E. Lugo
10:00 -10:30
Tea Break & Poster Session (Cont.)
Meeting Room A
Meeting Room B
Meeting Room C
(3rd Floor)
(2nd Floor)
(2nd floor)
#13. Friendly and
#3. Large-scale
#14. Land-use, Landscape
Unfriendly Animal - Plant
Restoration of Tropical Management and
Relationships: Harmony
Ecosystems
Environmental Services in
Montane Mainland Asia:
(10:40 -15:50) [ 9 ]
and discrepancy between
10:30 -12:40
Trade-offs and the design of
dispersers and predators
sustainable land use and
conservation strategies
(10:30 -17:20) [ 12 ]
(10:30 -17:20) [ 13 ]
12:40 -14:30
Lunch Break
(cont.)
(cont.)
(cont.)
14:30 -16:10
16:10 -16:40

Meeting Room D
(2nd Floor)
#17. Contributed
Symposium: Diversity
and functioning of plants in
forest ecosystems

(10:30 -15:50) [ 9 ]
(cont.)

Tea Break & Poster Session (Cont.)

16:40 -18:20
All participants are requested to leave for KMICEC at 17:45 by bus
19:30 -

The Annual Banquet at Kunming International Convention and Exhibition Center (KMICEC)

Fri. 21 July

08:30 -10:00

Meeting Room A
(3rd Floor)
#7. Tropical Mutualisms
in the Community
Context: Extending
mutualisms beyond the
framework of pairwise
interactions
(08:30 -12:00) [ 8 ]

Meeting Room B
Meeting Room C
(2nd Floor)
(2nd floor)
#9. Reproductive Ecology of #11. Epiphyte Diversity Tropical Plants: Disentangle the global patterns, global
complex relationship between
change
physiological constraints and
evolutionary factors

Meeting Room D
(2nd Floor)
#18. Contributed
Symposium: Multiple
approaches in ecosystem
process studies

(08:30 -11:20) [ 6 ]

(08:30 -11:40) [ 7 ]

(cont.)

(cont.)

(08:30 -11:20) [ 6 ]
Tea Break
(cont.)

10:00 -10:30
10:30 -12:40
12:40 -14:30
14:30 -18:20

20:00 -

(cont.)

Lunch Break
free

free

free

Farewell Party (Green Lake Hotel)
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7.4 Who-When-Where to Present

Oral Presentation
Name of Presenter
Aaron Shiels
Aeshita Mukherjee
Ahimsa Campos-Arceiz
Alfredo M. Cascante Marin
Alison M. Fox
Ana Laura Barillas-Gomez
Andew Bush
Andreas Hemp
Andreas Hemp
Andrew W. Mitchell
Angie Ying-Sim Ng
Araceli Samaniego
Aravind, N. A.
Aravind, N. A.
Ariel E. Lugo
Arunachalam, A.
Baider, C.
Benjamin WANG
Beverly Rathcke
Billy C.H. Hau
Britta Denise Hardesty
Bruno CORBARA
Burkhard Wilske
Campbell O. Webb
Carla Catterall
Carla Restrepo
Carol C. Horvitz
Cath Moran
Chan Sin Wai
Charles Cannon
Charles Cannon
Charlotte MacAlister
Chekuimo Georges Herbert
Christine W. West
Chution Kanwatanakid-Savini
Danny C. P. Lau
David B. Greenberg
David Bickford
David DUDGEON
David J. Lohman
David S. Woodruff
Dedy Darnaedi
Dianxiang ZHANG
Diego R. Perez Salicrup
Dirk Euler
Eduardo Velázquez
Edward Allen Herre
Edward Allen Herre
Eklabya Sharma
Eleanor M. Slade
Eliska Rejmánková
Ellen Andresen
Elma Kay
Eric K. W. Chan
Erna Shinta Poesie
Evan Siemann
Fabian G. Scholz

Date
July 18
July 19
July 19
July 21
July 19
July 19
July 19
July 18
July 19
July 19
July 20
July 18
July 18
July 19
July 20
July 18
July 19
July 20
July 21
July 20
July 21
July 19
July 18
July 19
July 20
July 18
July 19
July 21
July 18
July 18
July 19
July 20
July 19
July 18
July 21
July 18
July 19
July 21
July 18
July 19
July 19
July 19
July 18
July 20
July 19
July 18
July 18
July 21
July 20
July 18
July 19
July 20
July 18
July 18
July 21
July 21
July 18

Time
14:50
15:50
11:40
10:40
10:40
11:00
14:50
15:10
10:40
09:15
14:50
14:30
16:40
10:40
09:15
12:20
15:30
12:20
10:40
10:40
11:20
11:40
14:30
15:30
11:40
15:50
11:00
11:00
14:50
17:00
15:10
16:40
12:00
12:00
11:20
10:40
15:50
11:40
14:50
11:40
11:20
12:00
12:20
11:00
16:40
11:20
14:50
09:00
10:40
17:20
17:20
15:30
11:00
11:20
11:00
08:40
11:00
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Venue
B
D
D
C
A
D
C
B
D
A
A
B
D
C
A
B
D
C
B
A
D
B
C
C
A
B
A
A
D
A
C
B
D
B
A
D
C
D
A
C
C
C
A
D
D
B
C
A
B
D
D
C
A
D
B
D
C

Symp
# 4
# 19
# 19
# 11
# 5
# 19
# 12
# 4
# 19
Plenary
# 3
# 4
# 16
# 12
Plenary
# 4
# 19
# 13
# 9
# 3
# 18
# 10
# 15
# 12
# 3
# 4
# 5
# 7
# 16
# 2
# 12
# 14
# 19
# 4
# 7
# 16
# 12
# 18
# 2
# 12
# 12
# 12
# 1
# 17
# 19
# 4
# 15
# 7
# 14
# 16
# 19
# 13
# 1
# 16
# 9
# 18
# 15

18
19
19
21
19
19
19
18
19
19
20
18
18
19
20
18
19
20
21
20
21
19
18
19
20
18
19
21
18
18
19
20
19
18
21
18
19
21
18
19
19
19
18
20
19
18
18
21
20
18
19
20
18
18
21
21
18

-

Code
B D D C A D C B D A A B D C A B D C B A D B C C A B A A D A C B D B A D C D A C C C A D D B C A B D D C A D B D C -

8
10
4
5
1
2
8
9
1
03
7
7
11
1
05
6
9
6
5
1
7
4
7
10
4
11
2
6
7
7
9
11
5
5
7
1
11
8
2
4
3
5
6
2
11
3
8
2
1
13
13
10
2
3
6
1
2
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FISCH, SIMEY T.V.
Florens, F. B. V.
Florian A. Werner
Fuqiang SONG
G.C.S. NEGI
Gad Degani
Galia Selaya
Ganesh T.
Ganesh T.
Gerhard Langenberger
GERMAN POVEDA
Ghazala Shahabuddin
Ghazala Shahabuddin
Gilberto Fisch
Grizelle González
Hema Somanathan
Hong LIU
Hua ZHU
Hua ZHU
Humberto L. Perotto Baldivieso
Ida M.Y. Yu
Jan H.D. Wolf
Jan H.D. Wolf
Jan Salick & Yongping YANG
Jeta Sankrityayana
Jianchu XU
Jianhua WANG
Jianhua ZHU
Jianwen ZOU
Jiaolin ZHANG
Jin CHEN
John C. Volin
John Grace
John Kanowski
Jorge Ayala-Berdon
Jorge Ruiz
Joshi, P.K.
Julie S. Denslow
Juliet Vanitharani
Julieta Benitez-Malvido
Jürgen Nieder & W.Barthlott
K. Geetha Nayak
Kaoru Kitajima
Kjellberg Finn
KOHLI, R.K.
Kunfang CAO
Lawrence R. Walker
Leonardo Paolini
Lieven Claessens
Lourens Poorter
Lucero Sevillano
M. Soubadra Devy
Marcel Rejmanek
Markus Seibel
Masatoshi Yasuda
Michael H. Richter
Miguel Martinez-Ramos
Min CAO
Min ZHANG
Miriam Goosem
Naishen LIANG
Nakul Chettri
Nelly Rodribuez Pena
Nguyen Van Sinh
Nigel Stork
Pablo Lozano
Patrick A. Jansen

July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
July
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8. Scientific Program
8.1

Oral Presentations

18 July 2006
Plenary Session 1
Conference Hall, Provincial Library
Chaired by:
Dr. Min CAO
Professor, Deputy Director-General
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences
08:30

09:15

10:00

Opening Remarks
1. Dr. Jin CHEN
Director-General
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences
2. Dr. Zhu CHEN
Vice President, Chinese Academy of Sciences
3. Ms. Yiming WANG (Ph.D.)
Vice-Chairperson, Standing Committee, Peoples’ Congress of Yunnan Province
4. Dr. John Kress
National Museum of Natural History, Smithsonian Institution, USA
Keynote Presentation: Reflections on the tropical deforestation crisis
By Dr. William F. Laurance
(Smithsonian Tropical Research Institute)
Tea Break & Poster Session (Poster # 1-30)

Parallel Sessions by Venue
Meeting Room A, 3rd floor
# 1 - Vertebrate Pollination - Specialists vs. Generalists
Chaired by:
Dr. W. John Kress, Department of Botany, NMNH, Smithsonian Institution
Ms. Vinita Gowda, International Institute of Tropical Forestry
10:30

Overview by Symposium Organizer

10:40

Richard T. Corlett
Why are vertebrates unimportant as pollinators in the Oriental Region?
Elma Kay
Vertebrate pollination in Greater Antillean passionflowers: merging ecology and
phylogeny
Theodore H. Fleming
Comparative structure of New and Old World vertebrate pollinator assemblages: what
is the evolutionary and ecological basis of hemispheric differences?
Priya Davidar
Vertebrate pollination in southern Indian forests

11:00
11:20
11:40
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12:00
12:20

Takakazu Yumoto
Vertebrate pollination in a tropical rainforest of Borneo
Dianxiang ZHANG
Flowers pollinated by short-bill passerine birds in China

Meeting Room A, 3rd floor
# 2 - Asian Tropical Biology and Conservation: Analysis and Future Directions
Chaired by:
Dr. Priya Davidar
Salim Ali School of Ecology & Environmental Sciences, Pondicherry University, India
Dr. Rhett D. Harrison
Research Institute for Humanity and Nature, Kyoto, Japan
14:30
14:50
15:10
15:30
15:50
16:10
16:40
17:00
17:20
19:30

Overview by Symposium Organizer
Priya Davidar
Biodiversity conservation in tropical Asia: an overview
David DUDGEON
Exotic species, fisheries, and conservation of freshwater biodiversity in tropical Asia:
the case of the Sepik River, Papua New Guinea
Ghazala Shahabuddin
The use of inviolate areas & community-conserved areas for biodiversity conservation
Jin CHEN
Botanical gardens and biodiversity conservation in tropical Asian countries
Richard T. Corlett
Plant-animal interactions and conservation in tropical Asian forests
Tea Break & Poster Session (Poster # 1 - 30)
Tohru Nakashizuka
Canopy biology in Asian tropical forests
Charles Cannon
Playing “RISK” with SE Asian rainforests
Miriam Goosem
Human impacts in Australian tropical rainforests
ATBC Asian Chapter Inaugural Meeting (open to everybody)
Panel Discussion: Aims of ATBC Asia Chapter
Approval of the Asia Chapter charter
Nomination of officers and councilors
Election of officers and councilors

nd
Meeting Room B, 2 floor

# 4 - Landslides and the Large-scale Organization of Tropical Montane Ecosystems
Chaired by:
Dr. Carla Restrepo, Department of Biology, University of Puerto Rico
Dr. R. W. Bussman, Harold L. Lyon Arboretum, University of Hawaii at Manoa
Dr. Mohammed Irfan Ullah, Ashoka Trust for Research in Ecology and the
Environment (ATREE), India
10:30

Overview by Symposium Organizer
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10:40
11:00
11:20
11:40
12:00
12:20
14:30
14:50
15:10
15:30
15:50
16:10
16:40
17:00
17:20
17:40
18:00
19:30

Lawrence R. Walker
Landslides: landscapes, succession and restoration
Pablo Lozano
Vegetation on natural and anthropogenic landslides at the east part of Podocarpus
National Park
Eduardo Velázquez
Early successional patterns on a large landslide in a dry tropical ecosystem
Fisch, Simey Thury Vieira
Palm regeneration in landslide area in the Serra do Mar, Brazilian Atlantic rain forest
Christine W. West
Do slope stability and organic matter control plant colonization on Puerto Rican
landslides?
Arunachalam, A.
Ecosystem processes following landslides in the humid tropics of Arunachal Pradesh,
India: vegetation, soil and microbial biomass.
Araceli Samaniego
Disturbance by landslides: quantifying edge effects on small mammals in a Mexican
cloud forest
Aaron Shiels
Landslide restoration in the Luquillo Mountains of Puerto Rico: past techniques and
future directions
Andreas Hemp
Landslides on Kilimanjaro: determining factors and consequences for biodiversity
Lieven Claessens
Contribution of topographically based landslide hazard modeling to the analysis of the
spatial distribution and ecology of Kauri (Agathis australis)
Carla Restrepo
Landslides, land-cover change, and carbon dynamics in the Sierra de Las Minas,
Guatemala
Tea Break & Poster Session (Poster # 1-30)
Leonardo Paolini
Seeking for landslides in subtropical mountains: past regime reconstruction combining
dendrochronology and remote sensing
Humberto L. Perotto Baldivieso
Landslides and the spatial structure of tropical mountainscapes: stream networks and
land cover in eastern Guatemala mountain ecosystems
German POVEDA
Space-time variability of precipitation in the tropical Andes of Colombia and its
association with the occurrence of landslides
NEGI G.C.S.
Interrelation between land use/land cover and vegetation along landslides in western
Himalayas: Case studies
Michael H. Richter
Which type of succession on which type of landslide? A hypothetical framework
Workshop on biophysical processes underlying landslide formation (open to everybody)

Meeting Room C, 2nd floor
# 15 - Comparative Ecology and Ecophysiology of Tropical Forests and Savannas
Chaired by:
Prof. Guillermo Goldstein
Department of Biology, University of Miami
Dr. Kunfang CAO
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences
10:30

Overview by Symposium Organizer
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10:40
11:00
11:20

11:40
12:00
12:20
14:30
14:50
15:10
15:30
15:50
16:10

Sandra J. Bucci
Trade-offs and constraints in carbon allocation along Savanna to Rain Forest
gradients: prediction and processes at ecosystem level
Fabian G. Scholz
Ecophysiological processes in Brazilian savannas: a multiscale analysis
Jiaolin ZHANG
Shoot hydraulic conductivity correlated with canopy leaf structure, photosynthetic
capacity and growth rate in 17 Dipterocarp tree species in a common garden
plantation
Kunfang CAO
Activities of antioxidant system and Xanthophyll pigments in woody savanna plants in
SW China
Paula I. Campanello
Physiological and morphological characteristics as determinants of ecological
success in subtropical Atlantic Forest tree species differing in shade tolerance
Nguyen Van Sinh
A comparative study of two methods of assessment of the light condition under forest
canopy: total radiation and PAR
Burkhard Wilske
Volatile Organic Compound (VOC) emissions of tropical tree species in
Xishuangbanna, SW-China
Edward Allen Herre
Mycorrhizal and Foliar Endophytic Fungi: microbial influences on plant physiological
processes
Galia Selaya
Aboveground biomass investments and light interception of plants the first years of
secondary succession in tropical forest
Jorge Ruiz
A good example of what dry tropical forests were like, the case of Providencia Island,
Colombia
Lourens Poorter, Frank Sterck & Frans Bongers
Leaf traits, trade-offs and plant performance across rain forest species
Tea Break & Poster Session (Poster # 1-30)

Meeting Room D, 2nd floor
# 16 - Contributed Symposium: Vertebrates and Invertebrates in Tropical Ecosystems
Chaired by:
Dr. William A. Gould
International Institute of Tropical Forestry, USDA Forest Service
Ms. Eleanor M. Slade
Department of Zoology, University of Oxford
10:30

Overview by Symposium Organizer

10:40

Danny C. P. Lau
The relative importance of autochthonous and allochthonous food sources in tropical
streams
Juliet Vanitharani
Impact of bat diversity in forest restoration of southern western Ghats, India
Eric K. W. Chan
The effects of season and substrate availability on the abundance of riparian spiders
along Hong Kong streams
Hema Somanathan
Divided we don’t fall: partitioning of time and food resources in a carpenter bee
community in India

11:00
11:20
11:40
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12:00
14:30
14:50
15:10
15:30
15:50
16:10
16:40
17:00
17:20

William A. Gould
Biodiversity patterns of resident, endangered, and endemic terrestrial vertebrates in
Puerto Rico
Siew Te Wong
The Sun Bear Project 1998-2000
Chan Sin Wai
Religious release of birds in Hong Kong
Xuebing ZHAO
Study on the nocturnal migration of bird in Autumn, Yunnan Province
Grizelle Gonzalez
Earthworm communities along an elevational and climatic gradient in Northeastern
Puerto Rico
Gad Degani
Environmental conditions at various breeding sites of Triturus v. vittatus (Urodela)
Tea Break & Poster Session (Poster # 1-30)
Aravind, N. A.
Impact of land use change on land snail diversity in the Western Ghats
Priyadarsanan Dharma Rajan
How do Scarabs (Scarabaeinae: Coleoptera) surrogate the Rest?
Eleanor M. Slade
Biodiversity and ecosystem functioning using dung beetles as a model group: does
logging affect the rate of dung removal and seed dispersal?
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19 July 2006
Plenary Session 2
Meeting Room A, 3rd floor
Chaired by:
Dr Renee M. Borges
Centre for Ecological Sciences, Indian Institute of Science
08:30

09:15

10:00

Keynote Presentation: Insects in complex communities: the past, present and
future of insect ecological studies in the tropics
By Dr. Roger. L. Kitching
(Centre for Innovative Conservation Strategies, Griffith University)
Keynote Presentation: Bio-atmosphere hotspots and ecosystem trading
By Dr. Andrew W. Mitchell
(Global Canopy Programme, Zoology Department, University of Oxford)
Tea Break & Poster Session (Poster # 1-30)

Parallel Sessions by Venue
Meeting Room A, 3rd floor
# 5 - Biological Invasions in the Tropics
Chaired by:
Dr. Kaoru Kitajima
Department of Botany, University of Florida, USA
Dr. Carol C. Horvitz
Biology Department, University of Miami, USA
10:30

Overview by Symposium Organizer

10:40

Alison M. Fox
Assessment of invasiveness: can we reach a consensus?
Carol C. Horvitz
Management-research issues for invasions in the tropics: synthesis of earlier
discussion and proposed new directions
Florens, F. B. V.
Impact of alien species on the native forest community of Mauritius: lessons and
implications for conservation management.
Hong LIU
Comparison of insect herbivore pressure among invasive, non-invasive and native
congeners and implication for the enemy release hypothesis
Jianwen ZOU
Increased competitive ability and herbivore susceptibility in the invasive plant Sapium
sebiferum
John C. Volin
Functional basis for geographical variation in growth among invasive species: the
importance of comparing native versus non-native habitats
Julie S. Denslow
Invasive exotic plants on pacific Islands: patterns and prospects
Kaoru Kitajima
Physiological ecology of invasive exotic plants: how do they out-compete natives?

11:00
11:20
11:40
12:00
14:30
14:50
15:10
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15:30
15:50
16:10
16:40
17:00
17:20
17:40

19:30

KOHLI, R. K.
Serious ecological disruption by Lantana camara – an exotic invasive from tropical
America, in Indian forest
Lucero Sevillano
Comparison of the size-structure of populations of Melaleuca quinquenervia in its
native and parts of its introduced range with and without bio-control agents
Tea Break & Poster Session (Poster # 31-62)
Marcel Rejmanek
Invasions of Cactaceae species in the tropics: causes and management options
Qinfeng GUO
Are species-rich tropical communities less invasible?
Yulong FENG
More nitrogen allocated to photosynthesis in eight populations of Buddleia davidii than
in five native species
Serban Proches
Plant invasions in South Africa – temperate and tropical
Special meeting: Conservation Committee

Meeting Room B, 2nd floor
# 10 - Forest Canopies - Life, Atmosphere and People: The Environmental, Social and
Economic Values of Forest Canopy Biodiversity
Chaired by:
Dr. Andrew Mitchell & Dr. Katherine Secoy
Global Canopy Programme, Zoology Department, University of Oxford
10:30

Overview by Symposium Organizer

10:40

Min CAO
Some perspectives on the forest canopy study in China
Roger. L. Kitching
Biodiversity and pollination services in tropical forest canopies
M. Soubadra Devy
Do dominant tree species drive the pollinator /disperser dynamics: insights from long
term phonology of forest canopies of India
Bruno CORBARA
The IBISCA Project: a new model for comprehensive assessments of tropical forest
Nigel Stork
Scaling from leaves to ecosystems and individual to communities
Ganesh T.
Effects of canopy disturbance on the avifaunal community in a rain forest of the
Western Ghats, India: some preliminary findings.
Yiping ZHANG
Annual variation in carbon flux and relationships between carbon flux and impact
factors in a tropical seasonal rain forest
John Grace
Carbon fluxes and the future functioning of forest canopies
Markus Seibel
An evaluation of canopy tourism in Costa Rica
Jan H. D. Wolf
Toward the sustainable use of canopy biodiversity for forest conservation and poverty
reduction – lessons learned from Chiapas, Mexico
Tea Break & Poster Session (Poster # 31-62)

11:00
11:20
11:40
12:00
14:30
14:50
15:10
15:30
15:50
16:10
16:40

Discussion session (Symposium #4)
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Meeting Room C, 2nd floor
# 12 - Indochina to Australasia: A Grand Biogeographic Experiment
Chaired by:
Dr. Chuck Cannon
Department of Biology, Texas Tech University, USA
10:30

Overview by Symposium Organizer

10:40

Aravind, N. A.
Geographical distribution patterns in the Western Ghats: a cross taxa comparison
Rusea Go
Padawan limestone orchids: species Diversity, new Records, rare and endemism
David S. Woodruff
Biogeographic transition between the biota of Indochina and Indomalaysia
David J. Lohman
Spatial and seasonal dynamics of a lepidopteran herbivore community in peninsular
Thailand
Dedy Darnaedi
Cryptic biodiversity in the tropical fern Diplazium in Java: Are diploids already extinct?
Hua ZHU
The flora of Xishuangbanna, Yunnan, and its biogeographical affinities
Stuart J. Davies
The geography of diversification in a Crematogaster Species Complex in Southeast
Asia: insights into the history of Sundaland rain forests
Andew Bush
Climate change over Southeast Asia through the Quaternary Period
Charles Cannon
Using a model tree group to study SE Asian historical biogeography
Campbell O. Webb
Simulating Malesian biogeography: lineage evolution in a changing archipelago
David B. Greenberg
Competition for space between coral colonies at Heron Island, Australia
Tea Break & Poster Session (Poster # 31-62)

11:00
11:20
11:40
12:00
12:20
14:30
14:50
15:10
15:30
15:50
16:10

Meeting Room D, 2nd floor
# 19 - Contributed Symposium: Management of Human Influenced Tropical Ecosystems
Chaired by:
Dr. Julieta Benitez-Malvido
Centro de Investigaciones en Ecosistemas, UNAM
Dr. Ida M. Y. Yu
Department of Ecology & Biodiversity, the University of Hong Kong
10:30

Overview by Symposium Organizer

10:40

Andreas Hemp
Climate change-driven forest fires marginalize the impact of ice cap wasting on
Kilimanjaro
Ana Laura Barillas-Gomez
Influence of edge exposure on forest structure in Cozumel Island, Mexico
Rizwana Khanum
Positive aspect of weed for agro-biodiversity conservational priorities.
Ahimsa Campos-Arceiz
Temporal and spatial patterns in human-elephant conflict incidents in Sri Lanka

11:00
11:20
11:40
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12:00
14:30
14:50
15:10
15:30
15:50
16:10
16:40
17:00
17:20
17:40

Chekuimo Georges Herbert
The unsustainable management of tropical forests at root: the consequence of poorly
designed forestry policies
K. Geetha Nayak
Forest fragmentation causes reproductive loss in plants due to pollinator limitation
Julieta Benitez-Malvido
Tropical rain forest disturbance and plant diseases
Ida M.Y. Yu
Enrichment planting under exotic Lophostemon confertus plantation in Hong Kong,
China
C. Baider
A comparison of native tree communities between alien weed–infested forests and
adjacent weeded forests in Mauritius.
Aeshita Mukherjee
Invasion of bulbul and extent of crop damage
Tea Break & Poster Session (Poster # 31-62)
Dirk Euler
Ground cover vegetation of litchi orchards in relation to land use intensity in
mountainous northern Thailand
Min ZHANG
Variations on soil microbial biomass C in a rain forest and rubber tree plantations in
Xishuangbanna of tropical China
Eliska Rejmankova
Ecosystem properties of P-limited tropical marshes and consequences of nutrient
enrichment
Ghazala Shahabuddin
Consequences of rural biomass extraction for the avian community in an Indian
tropical scrub forest
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20 July 2006
Plenary Session 3
Meeting Room A, 3rd floor
Chaired by:
Prof. Tohru Nakashizuka
Graduate School of Life Science, Tohoku University
08:30
09:15
10:00

Keynote Presentation: Megafaunal extinctions in tropical Asia
By Richard T. Corlett
(Dept. Ecology & Biodiversity, University of Hong Kong)
Keynote Presentation: Meeting the challenges of changing tropical ecosystems
By Ariel E. Lugo
(USDA, Forest Service, International Institute of Tropical Forestry)
Tea Break & Poster Session (Poster # 31-62)

Parallel Sessions by Venue
Meeting Room A, 3rd floor
# 3 - Large-scale Restoration of Tropical Ecosystems
Chaired by:
Prof. Carla P. Catterall
School of Environmental Studies, Griffith University, Australia
Dr. John Kanowski
School of Environmental Studies, Griffith University, Australia
10:30

Overview by Symposium Organizer

10:40

Billy C.H. Hau
Forest restoration at landscape level in Hong Kong, China
T. Mitchell Aide
Present and future land-use patterns in Latin America: implications for large-scale
ecosystems recovery
Yong TANG
Edges: hope for Australian rainforest
Carla Catterall
How readily can biodiversity be restored over large areas? - The case of Australian
rainforest
Gilberto Fisch
The impact of the deforestation of Amazonia in the climate: a review
John Kanowski
Large-scale restoration of extensively modified ecosystems: issues, approaches, and
examples from Australia
Angie Ying-Sim Ng
Nitrogen fixation in native woody legumes and their use for forest restoration in Hong Kong,
China
Sasmita Dasmohapatra
The significance of soil seed bank for conservation in tropical dry evergreen forest
Patrick A. Jansen
Hunting relieves recruitment limitation in a Neotropical palm

11:00
11:20
11:40
12:00
14:30
14:50
15:10
15:30
16:10

Tea Break & Poster Session (Poster # 31-62)
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Meeting Room B, 2nd floor
# 14 - Land-use, Landscape Management and Environmental Services in Montane
Mainland Asia (MAINA) : Trade-offs and the Design of Sustainable Land Use and Conservation
Strategies
Chaired by:
Dr. Jianchu Xu & Dr. Eklabya Sharma
International Centre for Integrated Mountain Development
Dr. Xiaoming Zou
Institute for Tropical Ecosystem Studies, University of Puerto Rico
10:30

Overview by Symposium Organizer

10:40

Eklabya Sharma
Land use change and it’s impact on hydro-ecological linkages in Himalayan
watersheds
Jianchu XU
Land use transition and mountain ecosystem services in Yunnan, eastern Himalayan
region
Jan Salick and Yang Yongping
Tibetan land use and change near Mt. Kawa Karpo
Pralad Yonzon
Community managed forests and protected areas in fragmented landscape
Rita Sharma
Adaptive agroforestry in the eastern Himalaya: its environmental services and
economic sustainability
Nakul Chettri
Transboundary biodiversity conservation through landscape approach in the
Kangchenjunga Complex
P.K. Joshi
Forest land use planning in Garwal Himalayas – an integrated approach using AHP,
SWOT and Geospatial tools
Xuefei YANG
Towards an efficacious method of using Landsat TM imagery to map forest in
complex mountain terrain in Northwest Yunnan, China
Sangay Wangchuk
Maintaining ecological resilience in landscape by linking protected areas through
biological corridors in Bhutan
Jeta Sankrityayana
Conservation and socioeconomic development challenges in the Sikkim & Darjeeling
Himalaya
Tea Break & Poster Session (Poster # 31-62)
Charlotte MacAlister
Development in the lower Mekong Basin: the Mekong River Commission, information
management and challenges for biodiversity conservation
Jianhua WANG
Contested Landscapes: Dynamics of resource management by the Akha people in
Xishuangbanna, South Yunnan, China

11:00
11:20
11:40
12:00
14:30
14:50
15:10
15:30
15:50
16:10
16:40
17:00
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Meeting Room C, 2nd floor
# 13 – Friendly and Unfriendly Animal-Plant Relationships: Harmony and Discrepancy
between Dispersers and Predators
Chaired by:
Dr. Pierre-Michel Forget
Muséum National d’Histoire Naturelle
10:30

Overview by Symposium Organizer

10:40

Jorge Ayala-Berdon
The intake responses of three species of leaf-nosed Neotropical bats
Rhett D. Harrison
Dispersal of fig pollinators in Asian tropical forests
Regielene S. Gonzales
Predominance of birds over bats as seed dispersers in a Philippine lowland forest
successional area
Tatyana A. Lobova
Plants dispersed by bats in French Guiana: selection, preferences, and dietary
overlap
Shumpei Kitamura
Phenology and importance of Myristicaceae fruits for hornbills in a moist evergreen
forest of Khao Yai National Park, Thailand.
Benjamin WANG
Ecological repercussions of extirpating mammals: reduced seed removal and
dispersal of the Afrotropical tree, Antrocaryon klaineanum (Anacardiaceae)
Masatoshi Yasuda
A comparative study of fruit traits in Myristicaceae and their associated
frugivores-granivores in a Malaysian rainforest
Ganesh T.
Frugivores of Myristica dactylodes in southern India – do mammals control
ecruitment?
Pierre-Michel Forget.
Frugivory in Virola michelii and V. kwatae in French Guiana
Ellen Andresen
Some aspects of a tropical two-phase seed dispersal system: primates and dung
beetles
Zhishu XIAO
Nut predation and dispersal of tanoak Lithocarpus harlandii (Fagaceae)
Tea Break & Poster Session (Poster # 31-62)
Zhibin ZHANG
Differentiation of seed hoarding among sympatric rodent species in two forests of
China
Miguel Martínez-Ramos
Seed dynamics of early and late successional tree species in abandoned pastures:
burial as a mean of evading predation
Nelly Rodribuez Pena
Effects of sugar composition and concentration on food selection by Leptonycteris
curasoae (Chiroptera: Phyllostomidae)

11:00
11:20
11:40
12:00
12:20
14:30
14:50
15:10
15:30
15:50
16:10
16:40
17:00
17:20
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Meeting Room D, 2nd floor
# 17 - Contributed Symposium: Diversity and Functioning of Plants in Forest Ecosystem
Chaired by:
Dr. Robin L. Chazdon & Susan G. Letcher
Department of Ecology and Evolutionary Biology, University of Connecticut
10:30

Overview by Symposium Organizer

10:40

Shuchita Jain
Studies on liana diversity in protected areas of Haroti region in Rajasthan, India
Diego R. Perez Salicrup
Structure and species composition of trees and lianas in seasonally dry tropical
forests of Cozumel Island, Mexico
Zhiquan CAI
Photosynthetic differences during seasonal drought give lianas a competitive
advantage over trees in a tropical seasonal rainforest
Pierre Bonnet
Graphic identification tool applied to plant species
Robin L. Chazdon
Tree community assembly in second-growth forests of northeastern Costa Rica: a
long-term permanent sample plot study
Vinita Gowda
Heliconia-Purple-throated Carib (Eulampis jugularis) interaction in the Caribbean: an
example of geographical mosaics in a co-evoloving plant-pollinator system.
Fuqiang SONG
Long-term phenology of introduced trees in tropical area, SW China
Susan G. Letcher
Stand structure and species composition of secondary forests in northeastern Costa
Rica
Gerhard Langenberger
Plant biodiversity studies on a Philippine island: current status and outlook
Hua ZHU
Forest vegetation of southern Yunnan
Tea Break & Poster Session (Poster # 31-62)

11:00
11:20
11:40
12:00
14:30
14:50
15:10
15:30
15:50
16:10
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21 July 2006
Parallel Sessions by Venue
Meeting Room A, 3rd floor
# 7 - Tropical Mutualisms in the Community Context: Extending Mutualisms beyond the
Framework of Pairwise Interactions
Chaired by:
Dr. M. Hossaert-McKey
Centre d’Ecologie, Fonctionnelle et Evolutive, Montpellier, France
Dr. D. McKey
Universite de Montpellier II, France
08:30

Overview by Symposium Organizer

08:40

Kjellberg Finn
New investigation in community ecology using Figs and fig wasps
Edward Allen Herre
Anti-pathogen effects of fungal endophytes in roots and leaves of Theobroma cacao:
implications for tropical host plants
Robert W. Pemberton
Scientific and environmental significance of the naturalization of an orchid bee,
Euglossa viridissima in Florida
Renee M. Borges
The evolution of myrmecophytism: spatial variation in ant partners and in chemical
composition of ant rewards in the unspecialized myrmecophyte Humboldtia brunonis
Tea Break
Sridhar Hari
Effects of habitat fragmentation on mixed-species bird flocks in rainforests of the
southern Western Ghats
Cath Moran
Patterns of frugivory across a rainforest bird community in Australia
Chution Kanwatanakid-Savini
Fruit overlap among four sympatric hornbill species at Khao Yai National Park,
Thailand
Tommaso SAVINI
Influence of forest productivity on white-handed gibbons (Hylobates lar) at Khao Yai
National Park, Thailand.

09:00
09:20
09:40
10:00
10:40
11:00
11:20
11:40

nd
Meeting Room B, 2 floor

# 9 - Reproductive Ecology of Tropical Plants: Disentangle the Complex Relationship
between Physiological Constraints and Evolutionary Factors
Chaired by:
Dr. Shoko SAKAI
Center for Ecological Research, Kyoto University, Japan
Dr. Kuniyasu MOMOSE
Faculty of Agriculture, Ehime University
08:30

Overview by Symposium Organizer
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08:40
09:00
09:20
09:40
10:00
10:40

10:40
11:00

Tomoaki ICHIE
Role of resource level and environmental trigger for reproduction of tropical emergent
tree, Dryobalanops aromatica
Tamaki KAMOI
Limiting factors for fruitset of Melastoma (Melastomaceae) in a seasonal tropical
forest
Steve Compton
The reproductive ecology of an Asian dioecious fig tree
Susan J. Mazer
The joint evolution of mating system, life form and seed size among neotropical
rainforest species: cross-species and phylogenetic analyses
Tea Break
Beverly Rathcke
Sex allocation and pollen limitation in an andromonoecious shrub, Calliandra
haematomma (Fabaceae), on San Salvador Island, Bahamas
Xinsheng CHEN
Community-Level Plant Reproductive Traits of an Azonal Tropical Forest,
Southwest China: I. Sexual Systems and Ecological Correlates
Erna Shinta Poesie
Reproductive phenology of tropical trees producing favored and less favored seeds
by rodents

Meeting Room C, 2nd floor
# 11 - Epiphyte Diversity - Global Patterns, Global Change
Chaired by:
Dr. Jurgen Nieder & Prof. Wilhelm Barthlott
Nees-Institute for Biodiversity of Plants, Bonn, Germany
08:30

Overview by Symposium Organizer

08:40

Jurgen Nieder & Wilhelm Barthlott
Global diversity of epiphytes
Jan H.D. Wolf
Remnant large “rescue” trees enhance epiphyte resilience to anthropogenic
disturbance of pine-oak forests in the Highlands of Chiapas, Mexico.
Wenyao LIU
Epiphyte diversity and biomass of epiphytes in a montane moist evergreen
broad-leaved forest at Xujiaba region, Ailao Mts., SW China
Simone Goda Sporn
Diversity comparison of non-vascular epiphytes in natural forest and on cacao
plantations in Sulawesi
Tea Break
Alfredo M. Cascante Marín
The influence of seed-dispersal on the composition of epiphyte plant communities
Florian A. Werner
Diversity of epiphytes across a gradient of human disturbance in an interandean dry
forest, Ecuador

09:00
09:20
09:40
10:00
10:40
11:00
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Meeting Room D, 2nd floor
# 18 - Contributed Symposium: Multiple Approaches in Ecosystem Process Study
Chaired by:
Dr. Jianhua ZHU
Department of Botany and Plant Sciences and Institute for Integrative Genome
Biology, University of California
Dr. Xinhua HE
Department of Land, Air and Water Resources, University of California at Davis
08:30

Overview by Symposium Organizer

08:40

Evan Siemann
Do genetic differences in growth and defense contribute to the success of an invasive
plant species
Simon Song
Multiple paternity in a natural population of a wild tobacco fly, Bactrocera cacuminata,
assessed by microsatellite DNA markers
Naishen LIANG
Carbon cycle of southeast Asian tropical forests
Jianhua ZHU
SALT OVERLY SENSITIVE 6 encodes a novel cellulose synthase-like protein and is
required for osmotic stress tolerance in plants
Tea Break
Xinhua HE
Presence of adjacent grasses enhances while 14NH4+–addition to receiver pines
reduces 15N movement between paired pine saplings in a California pine forest
Xiaoming ZOU
Regulations on soil respiration by below-ground processes in a subtropical moist
forest in Yunnan, China
Britta Denise Hardesty
How well does geographic distance predict genetic distance in a widespread
Neotropical Tree?
David Bickford
Cryptic Species – what we don’t know might hurt us

09:00
09:20
09:40
10:00
10:40
11:00
11:20
11:40
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8.2

Poster Presentations

17-19 July 2006
P1
P2
P3
P4
P5
P6

P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21

Youbing ZHOU
Frugivory and seed dispersal by Paguma larvata (Viverridae, Carnivore) in the primary
forest and degraded forests in Yangtze River valley of China
Nabil Elsheery
Seasonal variation in photosynthesis and chlorophyll fluorescence in leaves of five
mango cultivation in southern Yunnan, China
W. John Kress
Genetic variation, gene flow, and genetic drift in a plant-pollinator coevolutionary
system in the Caribbean
Donald L. DeAngelis
Design and application of ecological modeling tools for restoration of the everglades
wetland
Jennifer W.C. Sun
Diversity and succession dynamics in understory herb communities of lowland
rainforests
Andreas Hemp
Diversity and refugee function for indigenous fauna and flora in anthropogenic
influenced habitats in tropical regions: a case study on the Chagga Home Gardens on
Mt. Kilimanjaro, Tanzania
Andreas Hemp
Landslides in a cultivated landscape: implications for nature conservation in Germany
Wenjun LIU
Landslide susceptibility in Northern part of Ailao Mountain area, Yunnan, China
Rainer W., Bussmann
Natural and Anthropogenic Landslides in the Tropics: Regeneration and succession
processes and their role for the maintenance of biological diversity
Nakileza, Bob. R.
Effect of landslides on the diversity of mountain ecosystems on Mt Elgon, Uganda
Penaloza-Guerrero, Cristina
Effects of shade and mechanic stress on Pteridium aquilinum in sites with arrested
succession in the Lancandon Forest, Chiapas, México.
Hana Y. López-Torres
Eradication of feral cats in the nature reserve of Mona Island, Puerto Rico
KOHLI, R.K.
Allelopathy as a major causative factor in the invasive potential of Parthenium
hysterophorus
Hiroshi O. Tanaka
Within-tree distribution of arboreal ants in a lowland tropical rainforest in Borneo
Suhua HUANG
Diversity and horticultural value of Begonia ( Begoniaceae ) in the Daweishan Range,
SE Yunnan, China
John Harting
The Vegetation of Sulawesi: current status and conservation priorities
Jin ZHAO
Seed dispersal and population structure of Ardisia solanacea
Jie TIAN
Phylogeny of genus Ficus based on nuclear and cp DNA: inferred to the seed
dispersal syndrome
Satoshi Yamashita
Effects of forest types on polypore composition in Sarawak, Malaysia
Jorge Ruiz
Deforestation in the Colombian Amazon 1986-2000
Masahiro AIBA
Differences in the dry-mass cost of sapling vertical growth among 56 woody species
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P22
P23
P24
P25
P26
P27
P28
P29
P30

co-occurring in a Bornean tropical rainforest
Suwei FAN
Diversity of seedling morphology in Nanjenshan subtropical lowland rainforest,
southernmost Taiwan.
Mingyong CHEN, Zhaolu WU
Study on Asian elephant in China
Takao Itioka
Effects of a seasonal leafing on population patterns in herbivorous insects in a
Bornean tropical rainforest
Petra Erbe
Australian cave-adapted plant hoppers: relics or explorers?
Yuchun LI
Activity rhythm and food habit of Leschenault’s rousette Rousettus leschenaulti in
Hainan Island
Eric K. W. Chan
Seasonal patterns in the lateral dispersal of adult aquatic insects along Hong Kong
streams
Michiko Nakagawa
The effects of various forest uses on small mammal communities in Sarawak,
Malaysia
Katherine Secoy
Whole forest observatories: an international network for monitoring canopy
biodiversity and global climate change
Wan Juliana Wan Ahmad
Comparative study on tree species composition, diversity and biomass of riparian and
adjacent forested area in Pahang, Malaysia.

33

The Annual Meeting of the Association for Tropical Biology and Conservation
July 18-21, 2006, Harbour Plaza Hotel, Kunming, China

19-21 July 2006
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43
P44
P45
P46
P47
P48
P49
P50
P51
P52
P53

Yongneng FU
Ecological and floristic inventory of seed plants of tropical agroecosystems: a case
study from Xishuangbanna, southwest China
Zuodong WEI
Negative feedback prevents exploiters from destabilizing mutualism
Trevor Caughlin
Factors influencing rates of frugivory on trees in disturbed landscape of South India
Rodrigo Augusto Santinelo Pereira
Parasites of mutualism: strategies of resource utilization in two nonpollinating fig wasp
species, genus Idarnes
Gabriela Nunez-Iturri
Bushmeat and sapling recruitment of large-seeded trees dispersed by large primates
in hunted and protected lowland rainforests in western Amazonia, Peru.
Fan CHEN
The role of elaiosome in seed dispersal of Globba lancangensis (Zingiberaceae)
Chih-Hua Tsou
Floral evolution in the Neotropical Lecythidoideae (Lecythidaceae)
Hua LIN
A preliminary study of thermodynamic processes in the development of forest
ecosystems and plant populations
André Lindner
The role of seasonality in structural assessments of tropical montane forests
John Pike
Opening the canopy to all: GCP canopy access and science methods training courses
Nakul Chettri
Biodiversity conservation and protected areas in the Hindu Kush-Himalayan region:
gap analysis and future directions
Zhaolu WU
Ethnoecology research and biodiversity conservation, cases in southwest China
Chengjiang RUAN
Independent regulation of curvature of penta-lobed stigmas in Kosteletzkya virginica
(Malvaceae)
Ning XU, Zhaolu WU
A study on species diversity in plant community of confucian cemetery in Qufu,
Shandong Province, China
Edgardo Garrido-Perez
Are lianas sometimes mutualists and sometimes commensals of trees?
Chia-Hao Chang Yang
Regeneration strategies of dominant tree species in a subtropical rain forest in
northern Taiwan
Xianhui FU
Land-use effect on soil microbial carbon flux in tropical ecosystem: an example from
Xishuangbanna, SW China
Andreas Hemp
Altitudinal zonation and diversity patterns of the forests of Mt. Kilimanjaro
Charles Cannon
Capturing genomic signatures using an anonymous DNA microarray platform
Ling ZHANG
Genetic diversity and geographic differentiation in Tacca chantrieri (Taccaceae): an
autonomous selfing plant with showy floral display
Jie LI
Re-examination of relationships of the Litsea complex and ‘ core ’ Laureae
(Lauraceae) using nrDNA ITS and ETS sequences
Sasmita Dasmohapatra
Significance of soil seed banks for conservation in tropical dry evergreen forest
Xiaoming ZOU
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P54
P55
P56
P57
P58
P59
P60
P61

P-62

Microbial regulation of soil phosphorus pools and transformations in a montane
evergreen broad-leaved forest in the Ailao Mountains, Yunnan, China
Yuan LI, Zhaolu WU
A preliminary study on alien plant species in Xishuangbanna
Erna Shinta Poesie
Seed productivity schedule of plants in tropical peat swamp forest: the relation with
seed predations
Gang CHANG
Difference of hoarding and consumption behavior among seed-caching rodents in
Dujiangyan Region, China
Hongmao ZHANG
Seed coat hardness mostly determined seed removal by small rodents in a warm –
temperate broad-leaves deciduous forest, China
Ling XU
An assessment of learner-centered public education in Xishuangbanna Tropical
Botanical Garden
Liqing SHA
Carbon stock and soil respiration of tropical seasonal rain forest and rubber plantation
in Xishuangbanna, Yunnan, SW China
Jingxin LIU
Extrafloral nectaried plants in wet seasonal rain forest in Xishuangbanna, China
Qiaoming LI
Population genetic diversity of Phyllanthus emblica L. (Euphorbiaceae) in dry-hot river
valley
Bo Wang
Seed fate determined by seed size, nutrition and tannin content ersus influencing
roden's feed behavior
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9. Abstracts

18 July 2006
Plenary Session 1
Venue: Conference Hall, Provincial Library
Chaired by:
• Dr Min Cao, Professor, Deputy Director-General
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences

Keynote Speaker
09:15

Reflections on the tropical deforestation crisis
William F. Laurance
Smithsonian Tropical Research Institute Apartado 2072, Balboa, Panama
Email: laurancew@si.edu
Tropical forests are being cleared, burned, logged, overhunted, and degraded at rates that lack
historical precedent. However, there is also hope for the future, with the establishment of new
protected areas and a greater awareness of the importance of tropical ecosystems to human
well-being. I will argue that understanding the fate of tropical forests, and identifying the principal
drivers of forest destruction, requires a regional and sub-regional approach. Many prior efforts to
comprehend the causes of tropical deforestation have been too general in scope to provide truly
meaningful insights.

Parallel sessions by venue

#1

Vertebrate pollination – specialists vs generalists
Venue:

Meeting Room A 3rd Floor

Chaired by:
• Dr W John Kress, Department of Botany, NMNH, Smithsonian Institute
• Ms Vinita Gowda, International Institute of Tropical Forestry

18-A-1 (10:40)

Why are vertebrates unimportant as pollinators in the Oriental Region?
Richard T. Corlett
Dept. Ecology & Biodiversity, University of Hong Kong, Hong Kong, China
Email: corlett@hku.hk
The numbers of both vertebrate-dependent flowers and flower-dependent vertebrates appear to
be much lower in the Oriental Region (tropical and subtropical Asia) than in the Neotropics, and
the degree of specialization for both partners also appears to be lower. At least 17 families of
birds have been recorded taking nectar, but most of these records come from a few widely
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cultivated plant species with large flowers and abundant, easily accessible, nectar. Similarly,
most Oriental fruit bats (Pteropodidae) that have been studied visit flowers to some extent,
including some species also visited by birds. Excluding casual visits, there appears to be a
gradation in the extent of nectarivory in both birds and bats, from omnivores for which flowers are,
at most, of seasonal significance (e.g. Zosterops, Cynopterus), to specialist nectarivores
(sunbirds, Eonycteris, Macroglossus). Flowers that are pollinated largely by bats tend to be
visited by both specialist and generalist species. This is also true for many bird-flowers, but floral
structure in some species restricts access to only the longer-billed sunbirds. One possible
explanation for the relative unimportance of vertebrates as pollinators in the Oriental tropics
compared with the Neotropics is the greater cost of attracting larger and less maneuverable
pteropodid bats and passerine birds than phyllostomid bats and humming birds.
Keywords: pollination, birds, bats

18-A-2 (11:00)

Vertebrate pollination in Greater Antillean passionflowers: merging
ecology and phylogeny
Elma Kay1,2,3, Susanne Renner2 and Peter Bernhardt3
1
Department of Science, University of Belize, P.O. Box 340, Stann Creek Street Extension,
Belmopan, Belize, Central America.
2
Department of Biology, University of Missouri - St. Louis, One University Boulevard, St. Louis
MO 63121
3
Department of Biology, Saint Louis University, 3507 Laclede Avenue, St. Louis, MO 63130
Email: elma.kay@gmail.com
The Greater Antillean islands are home to eleven endemic species of passionflowers (Passiflora),
most of them with tubular, pink-red flowers characteristic of hummingbird - pollination. This
contrasts with the pan-shaped, insect-pollinated flowers found in most of the remaining 500
species of Passiflora. We tested the monophyly of the Greater Antillean passionflower group with
molecular phylogenetic techniques and also studied the pollination and compatibility systems of
representative species in the field. Results, based on the internal transcribed spacer (ITS) and
an unknown single copy gene region, show that the Greater Antillean passionflower clade
derives from an insect-pollinated Mesoamerican ancestor. The field observations revealed that
while most of the species in the Greater Antilles are indeed hummingbird-pollinated, one species
has switched to bat-pollination. Of the five species for which experimental pollinations were done,
three have an early acting self-incompatibility system while two are self-compatible.
Keywords: vertebrate pollination, merging ecology, phylogeny

18-A-3 (11:20)

Comparative structure of New and Old World vertebrate pollinator
assemblages: what is the evolutionary and ecological basis of
hemispheric differences?
Theodore H. Fleming and Nathan Muchhala
Department of Biology, University of Miami, Coral Gables FL 33124 USA
Email: tfleming@fig.cox.miami.edu
Birds and bats have independently evolved pollinator mutualisms with flowering plants in the
New and Old World tropics. Despite superficial similarities in these plant animal interactions,
there exist some profound differences in the structure of New and Old World vertebrate
assemblages regarding their species richness, degree of morphological and feeding
specialization, and the ways in which pollinators partition floral resources. Compared with Old
World assemblages, New World assemblages contain more species with specialized
morphology and specialized feeding habits that partition floral resources more finely. In this
paper we discuss possible ecological and evolutionary reasons for these hemispheric
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differences. One fundamental reason for these differences is that New World nectar feeding
birds and bats are substantially smaller than their Old World counterparts. Body size profoundly
influences many aspects of plant pollinator interactions, including feeding energetics and
maneuverability on the pollinator side as well as many floral characteristics. The existence of
small nectar feeding birds and bats in the New World has favored the evolution of more
specialized plant pollinator interactions in the New World than in the Old World tropics.
Keywords: comparative structure, evolutionary, ecological, hemispheric differences

18-A-4 (11:40)

Vertebrate pollination in southern Indian forests
K. Geetha Nayak and Priya Davidar
Department of Ecology and Environmental Sciences, Pondicherry University, Kalapet,
Pondicherry 605 014, India
Email: pdavidar@yahoo.com
We assessed vertebrate pollination in four forest types in southern India: dry deciduous forest,
tropical dry evergreen forest, medium elevation wet evergreen and montane evergreen forests.
Vertebrate pollinated plants were generally from the families Bombacaeae, Sterculiaceae,
Fabaceae and Loranthaceae. Passerine birds from nine families visited flowers opportunistically
and can be considered generalist pollinators, and those from the families Nectariniidae (sunbirds)
and Dicaeidae (flowerpeckers) are specialized pollinators with morphological adaptation for
nectar feeding. The sunbirds and flowerpeckers are tightly co-evolved with the hemi-parasitic
mistletoe family Loranthaceae. Three species of fruit bats visit flowers. The proportion of
vertebrate pollinated species was highest in the dry deciduous forests (17%) of which two-thirds
(66%) was by generalist passerine birds. About 6% of trees and treelets in medium elevation
evergreen forests were vertebrate pollinated, of which 75% were specialized. The diversity of
opportunistic mammalian pollinators increased in the wet evergreen forests with giant and flying
tree squirrels, civets, monkeys and rats feeding on flowers and nectar. About 70% of vertebrate
pollination in montane evergreen forests, and 100% in coastal tropical dry evergreen forests
were by sunbirds and flowerpeckers.
Keywords: vertebrate, pollination

18-A-5 (12:00)

Vertebrate pollination in a tropical rainforest of Borneo
Takakazu Yumoto
Research Institute for Humanity and Nature, Japan
Email: yumoto@chikyu.ac.jp
Among 270 plant species in a plot in Lambir Hills National Park, Sarawak, Malaysia, 19 species
in seven families were pollinated by birds (7%); 4 species in three families were pollinated by
bats (1.5 %); and 1 species was pollinated by squirrels. The pollinating birds included the
long-billed spiderhunter Arachnothera robusta in the canopy, and the little spiderhunters A.
longirostra on the forest floor. In the non-general flowering period, only three species of
mistletoes and eight species of gingers were observed being pollinated by spiderhunters.
However, during the general flowering from March to September, 1996, eight species of
subcanopy trees (out of 49 spp), a species of understory shrub (out of 38 spp) and one species
of mistletoes besides the above species were pollinated by birds, not only spiderhunters but also
other groups of birds.
Keywords: vertebrate, tropical rainforest, Borneo
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18-A-6 (12:20)

Flowers pollinated by short-bill passerine birds in China
Dianxiang Zhang& Lei Gu
South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China
Email: dx-zhang@163.NET
Flower visiting birds in the Oriental Region includes the white-eyes, Zosteropidae, the leafbirds,
Chloropseidae, the flowerpeckers, Dicaeidae, the sunbirds and spiderhunters, Nectariniidae, and
a few other groups in the Passeriformes. The flowerpeckers, the sunbirds, and spiderhunters,
with their elongated bills, may visit plants with gullet-, tube-, or flag-like flowers in the angiosperm
families Loranthaceae, Acanthaceae, Leguminosae, Rhizophaceae, and several other families.
During our studies, the birds with much shorter bills, include the Chloropseidae and the
Zosteropidae, have been observed to be primary pollinators of Camellia krempfii (Theaceae),
Rhodoleia championii (Hammameridaceae), Bombax malabaricum (Bombaxaceae), plants that
have red, large, brush-like flowers (or inflorescences function as a single flower) with thickened
bracts, ample nectar with ca. 16% sucrose, and protogynous diurnal anthesis. The
biogeographic and floristic characteristics of these genera and plants with similar floral structures
are discussed.
Keywords: Passeriformes; pollination; pollination syndrome

#2

Asian tropical biology and conservation: Analysis and future
directions
Venue: Meeting Room A, 2nd Floor

Chaired by:
• Dr Priya Davidar, Salim Ali School of Ecology & Environmental Sciences, Pondicherry
University, India
• Dr Rhett D. Harrison, Research Institute for Humanity and Nature, Kyoto, Japan
18-A-1 (14:30)

Biodiversity conservation in tropical Asia: an overview
Priya Davidar1, J.P. Puyravaud2, M. Arjunan1, Krista Roessingh1
1
Department of Ecology and Environmental Sciences, Pondicherry University, Kalapet,
Pondicherry 605 014, India
2
ITPower India Pvt.Ltd., 8 Rue Romain Rolland, Pondicherry 605 001, India
Email: pdavidar@yahoo.com

Tropical Asia as understood here includes Asian countries that are entirely or partially in the
tropics. Geographically, tropical Asia encompasses the Arabian Peninsula, part of India,
Indo-China, the southern part of China, part of Malaysia and Indonesia. The
humid-subtropical climatic zone includes part of India, Indo-China, southern China, southern
Korea and southern Japan. The countries in this part of the world are among the most
densely populated with intermediate population growth rates and some of the strongest
economic growth rates in the world. These facts directly affect the conservation of
biodiversity. The proportion of protected areas that come under IUCN categories I to V
range from 0 to 30%. The tropical Asian region includes 4 biodiversity hotspots including the
Himalayas. These hotspots have a high proportion of endemic plants and animals. The
proportion of area protected in these hotspots range from 5 to 11%. All the hotspots have
population densities >100 persons/km2. Deforestation rates in certain countries are among
the highest in the world and rates vary between countries and are caused by a multiplicity of
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factors from commercial logging to fuel-wood collection and agricultural expansion. Some
countries have increased forest cover through reforestation efforts.
Case studies in the Western Ghats biodiversity hotspot point toward factors that influence
forest loss and degradation at the local scale. Globalisation can augment or diminish forest
loss.

18-A-2 (14:50)

Exotic species, fisheries, and conservation of freshwater biodiversity in
tropical Asia: the case of the Sepik River, Papua New Guinea
David Dudgeon
Department of Ecology & Biodiversity, University of Hong Kong
Email: ddudgeon@hkucc.hku.hk
Development of effective conservation strategies for freshwater biodiversity must take account of
the trade-off between species preservation and human use of ecosystem goods and services.
The latter cannot be prevented, and attempts to manage ecosystems that focus solely on
maximizing biodiversity will fail, especially in the context of the human-dominated or degraded
landscapes that constitute much of tropical Asia. A compromise position of management for
ecosystem functioning and human livelihoods - rather than preservation of every species - will
provide a better basis for biodiversity conservation. This has implications for the management of
exotic species.
There are some situations, in lentic habitats in Sri Lanka, for example, where the establishment
of exotics has increased fishery yields – to the benefit of human livelihoods - without apparent
detriment to native biodiversity. This outcome is likely to reflect the lack of natural lakes in Sri
Lanka, and hence the absence of an obligate lacustrine fish fauna. The Sepik River in Papua
New Guinea provides an illustration of an attempt to reach a compromise between human
livelihoods and biodiversity conservation in the context of an ecosystem manipulation involving
exotic fishes
The Sepik supports a relatively unproductive fishery. Two fish stocking projects (in 1987-93 and
1993-97), representing a partnership between the Papua New Guinea Government and the
United Nations (UNDP/FAO), led to the introduction of a suite of exotic fishes into the Sepik.
Species were selected on the basis of their potential to occupy niches not filled by native fishes.
Unfortunately, the outcomes of these introductions are poorly documented, due to a lack of
monitoring of fisheries and ecosystem parameters in the post-introduction period (i.e. after 1997)
although there is preliminary evidence of increased human use of exotic fishes. However, there
seem also to have been declines in some native species associated with the spread of exotics.
Better understanding of the results of the Sepik fish introductions is important, because the
pressures of burgeoning human populations in most of tropical Asia make it impossible to
preserve near-pristine environments such as the Sepik. Attempts to conserve natural or
near-natural systems must remain a priority. Nonetheless, we must develop strategies for the
management and restoration of human-dominated or degraded ecosystems that contain exotics
to maximize, as far as possible, the maintenance of ecosystem function and persistence of
native biodiversity.
Keywords: biodiversity, conservation, fishes, fisheries, exotics, invasive species, river, fresh
water
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18-A-3 (15:10)

The use of inviolate areas & community-conserved areas for biodiversity
conservation
Ghazala Shahabuddin
Environmental Studies Group, Council for Social Development, 53 Lodi Estate, New Delhi
110003, India.
Email: ghazalafarzin@rediffmail.com
One of the leading conservation paradigms is constructed upon the assumption that
community-managed areas based on sustainable use may be as effective as strictly protected
areas in protecting species and ecosystems from extinction. This view is supported by social
scientists and anthropologists who believe that local ecosystem-dependent communities cannot
cause ecological damage due to their traditional adaptation and sensitivity to the local
environment and traditional skills of resource conservation. On the other hand, most biologists
and forest managers stress the necessity of retaining 'inviolate' areas of wilderness for effective
preservation of the entire range of biodiversity and natural ecosystem processes. There is thus a
deep dichotomy in the way biologists and social scientists tend to perceive the priorities of
effecting conservation. A comprehensive review was carried out of the existing conservation
literature to evaluate the evidence to support these two contrasting paradigms. It was found that
there were very few scientific studies of the comparative effectiveness of community-based
conservation areas and strictly-protected area, located in the same eco-region. However, the
existing studies indicate that community-conserved areas may not be as successful as inviolate
areas in preserving the entire range of organisms. A proportion of native fauna and flora is lost in
areas open to human use, even if use is greatly limited. Other evidence, based on single-site
studies, indicates that these two categories of PAs have different functions.
Community-conserved areas tend to regenerate and maintain green cover, and serve as
sources of biomass for dependent people, particularly under conditions of secure tenure and
clearly-defined access rights. Multiple-use areas can also provide population sinks for dispersing
animal species and buffers against intensive human use. Outside strictly protected zones,
community-managed areas can play an important role in keeping the land-use conducive to
existence of regional flora and fauna and providing corridors between important wildlife habitats.
In the bargain, however, community-conserved areas preserve only a proportion of regional
fauna and flora that is relatively more adaptable to human presence. On the other hand, under
appropriate management, strictly-protected or inviolate areas tend to preserve the entire range
of naturally occurring microhabitats, species and ecological processes. They tend to improve
reproductive capabilities of target animal species due to lack of competition from human uses or
domestic livestock. They are particularly effective in protecting resource-specialised,
habitat-restricted, endemic and rare species that are otherwise vulnerable to human influence.
Inviolate areas have also been proven to improve floral and faunal resource availability outside
their boundaries. The available evidence thus indicates that each type of conservation area has
a complementary contribution to make to landscape-level conservation, given different goals and
priorities. I therefore recommend maintaining both multiple-use ecosystems and strict nature
reserves in each ecoregion and clearly demarcating them for their different functions through
land-use zoning laws. Today's conservationists need to adopt a broader vision of biodiversity
conservation in which the contributions of each of these PA (protected area) categories is
acknowledged and accommodated.
Keywords: protected areas, inviolate areas, community conservation, community management
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18-A-4 (15:30)

Botanical gardens and biodiversity conservation in tropical Asian
countries
Jin CHEN and Shouhua YIN
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, Yunnan
666303, China
Email: cj@xtbg.ac.cn
Botanic gardens (BGs) are institutions holding documented collections of living plants for the
purposes of scientific research, conservation, display and education. Although historically BGs
were mainly the place for plant introduction, plant domestication and exploration of economic use,
especially for medicinal purpose, nowadays BGs are expected to play important roles in local
biodiversity conservation. Thus roles could be achieved by providing accessibility for plant
material and information to scientific research, conducting germplasm collection and species
ex-situ conservation, and enhancing public awareness on conservation through various
educational programs. However, the development of botanical gardens often strongly depends
on economic status of the countries and regions. BGs’ development in the tropical Asian
countries is still inadequate and cannot meet the needs of biodiversity conservation. In this study,
the authors provide a general review on the status and development of BGs in tropical Asian
countries, including some new initiatives in both China and Southeastern Asian countries.
Further perspectives of BG development, cooperation potential and the significances to
biological conservation in this region are also discussed.
Keywords: botanical gardens, biodiversity conservation, CBD, GSPC, review
18-A-5 (15:50)

Plant-animal interactions and conservation in tropical Asian forests
Richard T. Corlett
University of Hong Kong, Dept. Ecology & Biodiversity, University of Hong Kong, Hong Kong,
China
Email: corlett@hku.hk
The disruption of plant-animal relationships in tropical Asian forests has the potential to magnify
the direct effects of human impacts, including fragmentation, logging and hunting, on regional
biodiversity. Conservation concern has been directed mostly at mutualisms, particularly
pollination and seed dispersal, since the additive vulnerabilities of mutualists could both
accelerate species loss from landscapes and slow recovery. However, human impacts on
antagonistic interactions (herbivory and seed predation) could also have consequences for
conservation. In general, the animal partners in plant-animal interactions are likely to be more
vulnerable to anthropogenic pressures than the plants, because plants are typically much
longer-lived, and thus pass through the vulnerable juvenile stages less frequently, and individual
plants are sensitive to changes only in their immediate vicinity. The key questions of
conservation interest are therefore usually: which are the most important animal species
interacting with a particular plant species, and how are the abundances and behaviors of these
animal species affected by human impacts?
A great deal is known about plant-animal interactions in tropical Asian forests, but very little of
this is directly relevant to their conservation. Most of what we know currently is in the form of
anecdotes about particular animals interacting with particular plants at some particular place and
time. Rarely can we quantify an interaction and even more rarely do we have measurements of
quality components, such as the effectiveness of flower visits in pollination or of frugivore visits in
seed dispersal. Only in a few extreme cases can we say with any confidence what the impacts of
fragmentation, logging, and hunting will be on either the quantity or quality of the interaction.
Currently, therefore, the study of plant-animal interactions has little to offer conservation
management, beyond general statements on the need to preserve key mutualists and maintain
habitat connectivity. Changing this will require not only studies targeted at the more obvious
gaps in our knowledge (e.g. the role of large terrestrial herbivores in seed dispersal and the
effects of fragmentation on pollinator movements and seed predation) but also a more general
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re-orientation of studies of plant-animal interactions away from the traditional focus on what
interacts with what and towards a focus on the impacts of these interactions - and their disruption
- on plant demography, gene flow, and community and landscape dynamics.
Keywords: seed dispersal, pollination, conservation, mutualism
18-A-6 (16:40)

Canopy biology in Asian tropical forests
Tohru Nakashizuka
Tohoku University, Aoba 6-3, Aramaki, Aoba, Sendai, 980-8578 Japan
Email: toron@chikyu.ac.jp
The studies on canopy processes in Asian tropical forests have been greatly promoted since the
beginning of 1990s in Lambir Hills National Park, where Sarawakian and Japanese scientists
established the canopy tower and walkway system. The canopy walkway, about 350 m long and
with two tree towers, has been utilized for research on phenology and eco-physiology of trees,
pollination biology and forest meteorology. In March 2000, a canopy crane was established and
it brought us into a new phase of the studies on canopy processes. Now, canopy towers and
walkways have established at several places, and cranes are also planned in Asian tropics. The
tropical forests in Asia have large fluctuations in tree reproduction, typically known as “general
flowering”. Also, tropical area in this region includes per humid areas, which may lead to high
biological diversity and productivity. Thus, the findings on the mechanisms of general flowering in
this region could be unique, and will be affected sensitively by global climatic change. Also, the
function of tropical rain forest in this region could show one of extreme values. Their variations
among the localities in this region are also important questions to be answered both in basic and
applied views.
Keywords: canopy processes, general flowering, Asian tropics, Lambir
18-A-7 (17:00)

Playing “RISK” with SE Asian rainforests
C.H. Cannon
Texas Tech University, Lubbock, TX, USA
Email: chuck.cannon@ttu.edu
The current distribution, diversity and composition of rainforest trees cannot be understood
without a detailed knowledge of the historical setting for the forests. Given the distribution of land
area and the neutral model of biogeography, Amazonian rainforests should contain higher levels
of diversity than SE Asian rainforests but the opposite seems to be true. The complicated
geological past of SE Asia is one major difference between these two continental rainforests.
The interaction between global climate and sea level change has also contributed substantially.
These interwoven histories have created distinct patterns of diversity and composition at
different geographic scales, from the archipelago down to the community. Recent studies, using
both empirical and theoretical evidence, will be reviewed at these various levels. Using the island
of Sulawesi, Indonesia as a case study, computer simulations of the forest’s future are used
towards developing clear conservation priorities and strategies. A series of questions will be
posed, concerning the biology and conservation of rainforest trees that emerge from these
studies.
Keywords: biogeography, conservation, tropical trees, research priorities
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18-A-8 (17:20)

Human impacts in Australian tropical rainforests
Miriam W. Goosem1 and Stephen P. Goosem2
1
Rainforest CRC, School of Tropical Environment Studies and Geography, James Cook
University, Cairns, Australia 4870
2
Wet Tropics Management Authority, Lake Street, Cairns, Australia, 4870
Email: Miriam.Goosem1@jcu.edu.au
In contrast to much of Asia, the current major causes of direct human disturbance to the
rainforests of northern Australia are not a consequence of ongoing clearing for agriculture or log
extraction. Extensive logging in Australian tropical rainforests largely ended in the mid 1980s and
1990s when most large areas of rainforest were protected by World Heritage listing or other
protected area tenures. Many parts of these reserves and World Heritage protected rainforest
areas still retain a legacy of past human impacts in addition to ongoing anthropogenic
disturbances associated with the provision of community infrastructure such as water extraction
and storage facilities and road and powerlines, which needs to be managed to service a growing
human population. Other major causes for conservation concern regarding these areas include
altered fire regimes, in addition to weeds, diseases and feral pests that invade disturbed areas
within and adjacent to the forest and the interaction of these impacts in the longer-term with
climate change. Australian research has examined these threatening processes and their
impacts both past and present. A case study will describe what is known through more than 15
years of research of the impacts of linear infrastructure (roads and powerline clearings) in the
Wet Tropics of Queensland World Heritage Area. Means of mitigating some of these impacts are
presently under research investigation. The collaboration with managers and researchers from
rainforest areas in Asia that may suffer similar problems must be considered a high priority for
the future.
Keywords: anthropogenic impacts, disturbance, roads, powerline clearings

#4

Landslides and the Large-Scale Organization of Tropical Montane
Ecosystems
Venue: Meeting Room B, 2nd Floor

Chaired by:
• Dr Carla Restrepo, Department of Biology, University of Puerto Rica
• Dr R. W. Bussman, Harold L. Lyon Arboretum, University of Hawaii at Manoa
• Dr Mohammed Irfan Ullah, Ashoka Trust for Research in Ecology and the Environment
(ATREE), India

18-B-1 (10:40)

Landslides: landscapes, succession and restoration
Lawrence R. Walker
Department of Biological Sciences, University of Nevada Las Vegas, Las Vegas, Nevada
89154-4004 USA
Email: walker@unlv.nevada.edu
Landslides are triggered by many natural (e.g., volcanoes, earthquakes, uplift, water erosion)
and anthropogenic (e.g., road construction, mining, logging, overgrazing) causes and affect as
much as 7.5% of the surface of tropical montane ecosystems. Landslide occurrence is often
linked to the amount and duration of rainfall needed to destabilize slopes and re-sliding is
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common. Landscape impacts of landslides include redistribution of biomass, soil and nutrients
down slope and by vertical mixing as well as opportunities for colonization by gap specialists
able to thrive in low-nutrient, high-light environments. Succession on landslides is dependent on
the often patchy parameters of stability and fertility as well as on dispersal that can be
surprisingly slow. Landslides also trigger a range of human efforts to stabilize them and restore
vegetation. Ecological restoration is generally more successful for stabilization than an
engineering approach, especially where there is a detailed understanding of local succession.
Minimal, strategic intervention that promotes short-term stability can be more successful than an
emphasis on successional development but mature plant communities bring the benefits of
deeper roots and gradual re-development of soils. Landslides are key components of tropical
montane ecosystems, altering many local and landscape-level processes and intricately
intertwined with human activities.
Keywords: landslide, restoration, disturbance, succession
18-B-2 (11:00)

Vegetation on natural and anthropogenic landslides at the east part of
Podocarpus National Park
Pablo Lozano1; Rainer W. Bussmann2 and Manfred Kuppers1
1
Hohenheim University, Institute of Botany and Botanical Garden, Garbenstr. 30, D-70599
Stuttgart, Germany,
2
Hawaii University, Harold L. Lyon Arboretum, 3860 Manoa Rd., Honolulu, HI 96822,
Email: 1 pablo_lozano@hotmail.com and 2 bussmann@hawaii.edu
Little research has been conducted on plant recovery after natural and anthropogenic landslides
in the Andes. Landslides are influenced by a series of factors like slope and soil type.
Anthropogenic factors like burning, logging, road construction, combined with earthquakes also
have a strong influence. Landslides are frequent, and their number around the eastern part of
Podocarpus National Park, South Ecuador is extremely high. Preliminary data of pioneer plants
measurements on natural and anthropogenic landslides. Natural and anthropogenic landslides
were selected between 1900 to 2800 m, (280 plots), taking the altitudinal range into account for
plots distribution. A high percentage of the landslides was found between 2200 to 2400 m.
Anthropogenic landslides were mostly around the buffer zone (123 plots established), caused by
perturbation by roads, along a gradient from 1900 to 2800 m. Plant families with members
specializing on landslide regeneration were Asteraceae, Gleicheniaceae, Poaceae,
Lycopodiaceae, Melastomataceae and Ericaceae.
Keywords: landslides, Podocarpus, plant diversity
18-B-3 (11:20)

Early successional patterns on a large landslide in a dry tropical
ecosystem
Eduardo Velázquez, Antonio Gómez-Sal
Universidad de Alcalá de Henares (Spain) Edificio de Ciencias, Campus UAH. Carretera
Madrid-Barcelona km 33,600 s/n
Email: eduardo.velazquez@uah.es
Early succession has been little studied in large landslides located in highly humanized areas
with dry tropical climate. In this article we study vegetation recovery during first four years after
disturbance on a landslide with these characteristics (Casita Volcano, Nicaragua). We aimed to
assess the main patterns and causes of change in community features as richness, biomass
accumulation, and species composition, verifying the role played by environmental heterogeneity
in it. Data consisting of number, percent cover and mean height of woody species, and several
abiotic factors related to productivity and stability of substrates were obtained from permanent
plots in previously defined sectors. Results revealed that early successional patterns were highly
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contingent depending on environmental heterogeneity and more complex than expected, and
were mainly controlled by abiotic stress, availability of limiting factors related to productivity, and
human disturbances. This could be the basic pattern of early succession on landslides located in
densely populated zones of dry tropical ecosystems. Our results suggest that, rather than
focusing research only on large-scale disturbances, the study of succession in this type of
landslides must point towards the response of ecosystems to a much more complex disturbance
regime, in which human-induced disturbances play a major role.
Keywords: landslide, early
human-induced disturbances

succession,

environmental

heterogeneity,

abiotic control,

18-B-4 (11:40)

Palm regeneration in landslide area in the Serra do Mar, Brazilian Atlantic
rain forest
Simey Thury Vieira Fisch, Adriano Teixeira Bastos Neto and Joco Paulo Villani
Universidade de Taubaté, Universidade de Taubaté - Estrada Municipal Dr. Luiz Cembranelli,
5000 Taubaté, CEP 12081-010, Brazil
Email: simey@unitau.br
The heavy rains occurring during the stationary weak cold front causes landslides events in
Brazil. A landslide which occured in the summer of 1996 was studied in order to understand how
the palm community responded to this disturbance. The community was compared between the
intact forest and the edge of the landslide scar. The regeneration process is ongoing from the
bottom and edge to the center. In 2006 the scar area has still exposed soil in the center and
exotic woody plants (Pinus sp and Mimosa scrabela) are growing from neighborhood plantation.
The edges of the landslide were colonized in different patterns. In the top no palm species were
found, in the middle is observed Euterpe edulis and Attalea dubia and at the bottom E. edulis,
Geonoma gamiova and schottiana. E. edulis is the most abundant palm species around the
landslide area and also in intact area; G. gamiova and schottiana are frequent species in the
forest, but only observed at the bottom of the landslide; A. dubia, rare in forest, occurs in the
middle edge. Its behavior indicated that some species benefited from this disturbance and others
were unaffected, but the colonization in the clear area is faster by alien plants.
Keywords: Arecaceae, landslide, regeneration, disturbance
18-B-5 (12:00)

Do slope stability and organic matter control plant colonization on Puerto
Rican landslides?
Aaron B. Shiels1,3,6 , Christine W. West2,5 , Laura Weiss3,5, Paul K. Klawinski4 and Lawrence
R. Walker5
1
Institute for Tropical Ecosystem Studies, University of Puerto Rico, P.O. Box 21910, San Juan,
Puerto Rico 00931, U.S.A.
2
Department of Forestry and Watershed Management, Humbolt State University, 1 Harpst St.,
Arcata, CA 95521
3
Department of Botany, University of Hawaii at Manoa, 3190 Maile Way, Honolulu, Hawaii
96822, U.S.A
4
Department of Biology, William Jewell College, 500 College Hill, WJC Box 1040, Liberty, MO.
64068-1896
5
Department of Biological Sciences, University of Nevada, Las Vegas, 4505 South Maryland
Parkway, Las Vegas, NV 89154-4004, U.S.A.
Email: cwest30@hotmail.com Corresponding author: ashiels@hawaii.edu
Landslides commonly occur in montane rainforests, such as the Luquillo Experimental Forest
(LEF) of Puerto Rico, as a result of tropical storm events. A recent storm caused over 69
landslides in the LEF providing a unique opportunity to measure vegetation colonization and
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short-term succession on these landslides. We utilized this opportunity to test past conceptual
models and assumptions that organic matter and slope stability control plant colonization on
Caribbean landslides. We selected 30 of the 69 equal-aged landslides and measured a range of
ecological characteristics that we believed would potentially influence plant colonization and
therefore control early primary succession (e.g., stability, elevation, distance to forest edge,
canopy cover, litterfall, microtopography, soil type, texture, water-holding capacity, organic
matter and total nitrogen.) We used Principal Components Analysis to reduce the number of
variables, followed by multiple regression analysis to determine which of the variables most
strongly correlated with above-, below-, and total vegetation biomass and vegetation cover. Our
analyses revealed that initial plant colonization on 13 month old LEF landslides is not controlled
by slope or organic matter, but is instead controlled by the proportion of soil nitrogen and clay
content, elevation, and to a lesser extent surface microtopography. Our findings promote new
paradigms for controls over vegetation recolonization and primary succession on one of the most
severe disturbances that occur in steep, wet forests.
Keywords: above-ground biomass, below-ground biomass, disturbance, geologic history,
landslides, litterfall, microtopography, organic matter, plant colonization, primary succession,
Puerto Rico, roots, sediment runoff, soil nitrogen, soil particle size, soils, slope stability

18-B-6 (12:20)

Ecosystem processes following landslides in the humid tropics of
Arunachal Pradesh, India: vegetation, soil and microbial biomass.
Ayyanadar Arunachalam and Kusum Arunachalam
Restoration Ecology Laboratory, Department of Forestry, North Eastern Regional Institute of
Science & Technology, Nirjuli 791109, Arunachal Pradesh, India.
Email: arunachalam_in@yahoo.com
Landslides have been reported to eliminate or reduce regeneration and result in an impoverished
soil seed bank, low soil nutrients, unstable substrate and lack of mycorrhizal inoculums. Although
landslides have limited potential to revegetate rapidly compared with tree-cut sites, regeneration
is limited by climate and soil nutrients. Thus, restoring soil nutrients to these sites could facilitate
the regeneration of native species and ecosystem reconstruction generally. In this paper,
vegetation patterns, soil properties and role of microbial biomass in soil organic matter have
been discussed in the light of natural revegetation of the landslides following the disturbance. For
the study, four sites with varying degrees of ecosystem recovery and one control site were
examined for their vegetal status and various physical, chemical and biological properties of the
landslide soils. Disturbed sites were first invaded by annual forbs. Perennial species that entered
the ecosystem gradually gained dominance by prohibiting the immigrants through nice
pre-exemption. Young sites showed greater percentage of sand content in the soil. Higher acidity
and temperature conditions were found in disturbed areas. Soil organic matter increased
gradually for the four years of the revegetation study. Concentration of soil organic carbon, total
nitrogen and available phosphorus increased with the recovery period. Soil respiration and
microbial population also increased with time following landslide occurrence. With respect to soil
microbial biomass, the results indicate that conservation of soil nutrients in microbial biomass is
crucial in the initial stages of natural revegetation following landslides. Thus, it could be said that
the restoration of the degraded soils is contingent upon nutrient retention in and conservation of
microbial biomass. Over all, it appears that landslides are critical zones in the humid tropics
where soil nutrient cycling through microbial biomass turnover is more significant than perhaps
the detrital biomass such as litter and fine roots and could affect the revegetation process with
continued species diversification in these impoverished sites.
Keywords: landslides, revegetation, soil, microbial biomass, Northeast India.
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18-B-7 (14:30)

Disturbance by landslides: quantifying edge effects on small mammals in
a Mexican cloud forest.
Araceli Samaniego and Robert Manson
Grupo de Ecologia y Conservación de Islas, A.C., Ave. López Mateos 1590-3, Playa Ensenada,
Ensenada, BC 22880, Mexico. Instituto de Ecología, A.C. Km 2.5 Antigua carretera a Coatepec,
Xalapa 91070, Veracruz, Mexico.
Email: araceli.samaniego@conservaciondeislas.org
The impacts of landslide-induced forest edges on vertebrate diversity and abundance in tropical
montane forests is poorly understood. Heavy rains in 1998 generated landslides covering
10-12% of the El Triunfo Biosphere Reserve (ETBR) located in Chiapas, Mexico. The potential
impact of these landslides on the small mammal community in ETBR was explored using
Sherman live traps placed in 5x5 grids running along the opposite edges of replicate landslides
representing three different degrees of severity and successional recovery (n=12 landslide
edges). Grids spanned 40 m of each edge and 60 m of adjacent forest cover. Two forest control
plots and a forest-pasture edge were also included using the same experimental design. A total
of 550 individuals (855 captures) were trapped during two 5-week study periods. Only three of
the eight species captured were abundant (Peromyscus guatemalensis, Heteromys goldmani y
P. aztecus) and found in all sites. Rodent abundance was significantly lower near human- versus
landslide-induced edges. Diversity and abundance of rodents along landslide edges was higher
than forest control sites with community composition changing with successional stage. We
conclude that landslides occurring in a matrix of well-preserved forest cover may increase
heterogeneity and thus have a positive effect on biodiversity.
Keywords: landslides, edge effects, disturbance, rodents, biodiversity
18-B-8 (14:50)

Landslide restoration in the Luquillo Mountains of Puerto Rico: Past
techniques and future directions
Aaron B. Shiels
Department of Botany, University of Hawaii at Manoa, 3190 Maile Way, Honolulu, HI. 96822
USA
Email: ashiels@hawaii.edu
The Luquillo Mountains in Puerto Rico are perhaps the most well studied area for tropical
landslides in the world. For the past two decades, landslide research in the Luquillo Mountains
has mainly focused on plant succession and soil development. More recently, mechanistic
studies have been attempted to explain initial plant colonization on landslides, as well as
community and ecosystem recovery after disturbance. Despite ecologists’ interest in landslide
recovery, there has been little attempt to bridge the information from the scientific community
with the techniques employed by land managers (e.g., U.S. Forest Service, private land owners)
to restore these degraded landscapes. Here I summarize some of the past ecological studies
that have occurred on landslides in Puerto Rico and discuss the importance of applying these
findings to restoration efforts. I also evaluate current landslide restoration techniques and
practices in the Luquillo Mountains. Clearly restoration goals may differ among groups involved
in landslide restoration, and this will affect the strategies and efforts of these groups. For
example, alternative stable states (e.g., Dicranopteris fern- or Cecropia-dominated landslides)
that occur during landslide succession may be favored by different groups as a result of their
restoration ideals. Those interested in simply accelerating plant biomass recovery without regard
to species should apply commercial fertilizer and/or forest soil (but not high nitrogen leaf-mulch)
to elevate soil nutrients and obtain the desired increase in vegetation cover and biomass.
However, using such techniques will result in landslides with relatively low species composition,
dominated by a few species of grasses or ferns that may arrest succession. Other techniques,
such as erecting bird perches to increase seed rain, use of animal exclosures to reduce seed
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predation, and outplanting native plants on landslides, may result in slower vegetation recovery
but higher species composition that more closely reflects the surrounding forest vegetation.
Outplanting native species in landslides is labor intensive and only promising for particular
species (Miconia racemosa, Inga laurina, Tabebuia heterophylla, but not Matayba domingensis)
and on landslides with certain soil characteristics. Although predicting natural recovery on all
types of landslides in the Luquillo Mountains is difficult, some ecosystem properties and
processes recover quickly and predictably. Others are less predictable and appear to be
dependent on the age of the landslide, the soil status, and the previous stable states of
succession. Conceptual models will be presented that incorporate ecological parameters and
required human resources (e.g., money, labor) in order to best reflect landslide restoration
possibilities.
Keywords: alternative stable states, disturbance, landslides, Puerto Rico, restoration,
revegetation, succession
18-B-9 (15:10)

Landslides on Kilimanjaro: determining factors and consequences for
biodiversity
Andreas Hemp
Department of Plant Physiology, University of Bayreuth, 95440 Bayreuth, Germany
Email: andreas.hemp@uni-bayreuth.de
During an aerial survey of the threats of Kilimanjaro’s forests in 2001, 70 landslides were
documented. Nearly all were confined to steep river gorges with a slope of over 30 degree and
69 % were restricted to the high rainfall areas on the southern slope receiving more than 1500
mm per year. In contrast, logging and other anthropogenic disturbance was not correlated to
frequency of landslides. Based on 1400 vegetation plots the contribution of landslides to
biodiversity was assessed. Here, details for the lower montane forest zone on the southern slope
are presented. In this area 400 species occurred in the forest plots compared with 119 species in
plots on landslides. 47 % of these species occurred exclusively on landslide plots. However,
including other plots of (anthropogenic) disturbed sites in the lower montane zone (e.g. clearings,
roadsides), this number decreased to only 2 %. It can be concluded that landslides are triggered
mainly by rainfall and topography but not by (illegal) logging activities. They contribute little to
biodiversity in anthropogenic disturbed forest areas of Kilimanjaro.
Keywords: rainfall, topography, logging, tropical montane forests, East Africa, aerial survey
18-B-10 (15:30)

Contribution of topographically based landslide hazard modelling to the
analysis of the spatial distribution and ecology of kauri (Agathis australis)
L. Claessens, P.H. Verburg, J.M. Schoorl and A. Veldkamp
International Potato Center, Kenya and Wageningen University, the Netherlands
Email: l.claessens@cgiar.org
In this paper the use of topographical attributes for the analysis of the spatial distribution and
ecological cycle of kauri (Agathis australis), a canopy emergent conifer tree from northern New
Zealand, is studied. Several primary and secondary topographical attributes are derived from a
Digital Elevation Model (DEM) for a study area in the Waitakere Ranges. The contribution of
these variables in explaining presence or absence of mature kauri is assessed with logistic
regression and Receiver Operating Characteristic (ROC) plots. A topographically based
landslide hazard index, calculated by combining a steady state hydrologic model with the infinite
slope stability equation, appears to be very useful in explaining the occurrence and ecological
dynamics of kauri. It is shown that the combination of topographical - soil physical - and
hydrological parameters in the calculation of this single landslide hazard index, performs better in
explaining presence of mature kauri than using topographical attributes calculated from the DEM
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alone. Moreover, this study demonstrates the possibilities of using terrain attributes for
representing geomorphological processes and disturbance mechanisms, often indispensable in
explaining a species’ ecological cycle. The results of this analysis support the ‘temporal stand
replacement model’, involving disturbance as a dominant ecological process in forest
regeneration, as an interpretation of the community dynamics of kauri. Furthermore a threshold
maturity stage, in which trees become able to stabilize landslide prone sites and postpone a
possible disturbance, together with great longevity are seen as major factors making kauri a
‘landscape engineer’.
Keywords: vegetation pattern, DEM, shallow landslides, logistic regression, stand replacement
model, Agathis australis (kauri), Waitakere Ranges, New Zealand
18-B-11 (15:50)

Landslides, land-cover change, and carbon dynamics in the Sierra de Las
Minas, Guatemala
Carla Restrepo1, Marisol Joseph-Haynes1, Edwin Castellanos2, and Humberto L
Perotto-Baldiviezo1
1
Department of Biology, University of Puerto Rico-Rio Piedras, San Juan, PR 00931
2
Centro de Ciencias Ambientales, Universidad del Valle, Guatemala, Guatemala
Email: crestre@cnnet.upr.edu
Landslides represent a common feature of tropical mountains, particularly in areas with elevated
seismic activity and/or high rainfall. In these mountains, landslides may significantly alter land
cover and redistribute the organic matter contained both in the vegetation and soil, raising
questions about their role in the carbon cycle. Here we focus on two populations of landslides
that affected the Sierra de Las Minas of eastern Guatemala in 1976 and 1998, and evaluate the
extent to which they altered land-cover, carbon pools and forest regeneration. We combined
several approaches to inventory and map landslides in a GIS environment, and analyze their role
in carbon budgets. Landslides were classified according to major vegetation types, and their
area converted into units of biomass and soil organic matter based on published figures for
Central America. Landslide regeneration was assessed through the analyses of multi temporal
images. Our data indicates that the amount of vegetation and soil removed by landslides varies
greatly across the study area, and that forest regeneration mirrors this pattern. This has
important implications for studies aimed at understanding the role of landslides in tropical
montane ecosystems.
Keywords: landslides, land-cover change, carbon
18-B-12 (16:40)

Seeking for landslides in subtropical mountains: Past regime
reconstruction combining dendrochronology and remote sensing
Leonardo Paolini
LIEY-UNT, CC34 4107, Yerba Buena, Tucuman, Argentina
Email: leopaolini@gmail.com
From decade- to millennium-time scales, interactions between climate, disturbances (natural and
anthropogenic) and vegetation determine the structure and functioning of natural ecosystems.
Climatic variations not only affect the growth and distribution of plant species, but also alter the
disturbance regimes. In addition, vegetation changes may modify climate at local and regional
scales, altering the ecosystem sensitivity to new disturbances. Landslides are common
disturbances on the steep slopes of the subtropical montane forests in Northwestern Argentina
(Yungas). Instrumental and tree-ring records from this region indicate a steady increase in
rainfall during the second half of the twentieth century. In this study, I used dendroecological
techniques to date the occurrence of landslides during the past 50 years and examine the
relationships with regional precipitation trends. Landslide dating was based on the identification
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of suppression-release patterns in ring-width series from trees growing along the landslide
scarps, in combination with age determination of trees growing on the landslide failure or
depositional surfaces. This combined approach allows reaching annual precision on landslide
dating. These techniques were first validated in three landslides of known age (documented
event) and, lately applied to date 39 landslides of unknown ages. The landslide impact on
vegetation dynamics was assessed at regional scale using a multitemporal analysis of Landsat
TM satellite images. There is a consistent relationship between landslide occurrence and the
changes in rainfall recorded during the last decades in Northwestern Argentina. Thirty seven of
the 42 sampled landslides occurred during years where the total annual precipitation was
significantly grater than in years without landslides. Grassland is the main colonizer of landslides,
followed by the Upper Montane Forest. However, as grassland was the zone more severely
affected by landslides, and considering that not all the landslides were replaced by grass, the
total grasslands area decreased 9.5 % from 1986 to 2001. Alnus acuminata, the dominant
species of the Upper Montane Forest, is a good colonizer of landslides. However, the observed
increase of landslide events during the 1980s is not enough to explain the documented
expansion, at regional scale, of the Upper Montane Forest during the last decades. The
expansion of the Upper Montane Forest should be also related to the climate changes recorded
in Northwestern Argentina during the last decades (mainly rainfall increase), or to a combination
of several factors such as climate change, land use change (livestock decrease), and changes
on fire regime.
Keywords: landslide, remote sensing, dendrochronology

18-B-13 (17:00)

Landslides and the spatial structure of tropical mountainscapes: stream
networks and land cover in Eastern Guatemala mountain ecosystems
Humberto L. Perotto-Baldivieso, Marisol Joseph Haynes, Meryandris Miller and Carla
Restrepo
Department of Biology, University of Puerto Rico, PO BOX 23360, San Juan PR 00931-3360,
Puerto Rico.
Email: hperotto@tamu.edu
Landscapes are structured by a variety of processes operating at multiple scales. In tropical
mountains, landsliding is a major process altering ecosystems, not only through its effect on the
soil but also on the spatial structure of landscapes. Here we characterize the spatial patterns
created by landslides and ask (1) if rainfall- and earthquake-induced landslides have their own
signature and (2) how this spatial signature is influenced by river networks and land-use
change.To address these questions we focus on the mountains of eastern Guatemala and two
populations of landslides, one triggered by an earthquake in 1976 and the other, by heavy rains
in 1998. We quantified spatial pattern (degree of aggregation and stream proximity) and patch
structure (size distribution, shape, and form index), as well as total landslide area per land-use
type. Our data indicates that landslides are aggregated across multiple scales, that landslides
are more common in some land-use types than in others, and that there are strong links between
the spatial structure of landslides and that of river networks. This indicates a preponderant role
for landslides in the organization of montane ecosystems.
Keywords: landslides, spatial pattern, landscape structure, Guatemala
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18-B-14 (17:20)

Space-time variability of precipitation in the tropical Andes of Colombia
and its association with the occurrence of landslides
G. Poveda, M. V. Velez and J. I. Velez
School of Geosciences and Environment, Cra 80 x Calle 65, Bloque M2-315, Universidad
Nacional de Colombia, Medellin, COLOMBIA,
Email: gpoveda@unalmed.edu.co
The strong variability of precipitation in the tropical Andes of Colombia (northern South America)
is illustrated at a wide range of time scales, from the interannual effects of El Niño-Southern
Oscillation (ENSO) through diurnal cycles. Intense storms and steep mountains gradients along
the Andes interact to produce massive landslides, thus causing human and infrastructure losses,
as well as ecological and environmental disruption. Major landslides occurred in the region of
Antioquia (northwestern Colombia) are reported for the period 1929-1999, and their association
with both phases of the ENSO event is quantified. It is shown that landslides do increase
significantly during La Niña (cold phase) and decrease during El Niño (warm phase). It is also
shown that the annual cycle of rainfall is associated with landslide occurrence with varying time
delays. Additionally, we implement a spatially-distributed hydrological model to estimate the risk
of landslides on river basins, which is contained within an in-house developed Geographic
Information System of Colombia’s hydro-eco-climatology (HidroSIG).
Keywords: tropical precipitation, Andes, Colombia, landslides, ENSO, modelling

18-B-15 (17:40)

Interrelation between land use / land cover and vegetation along landslides
in western Himalayas: case studies
Varun Joshi and Girish C.S. Negi
G.B. Pant Institute of Himalayan Environment & Development, Almora (Uttaranchal), INDIA
Email: gcsnegi@yahoo.co.in
The youngest mountain of the world - Himalaya, where mountain building is still continuing, the
problem of triggering of landslides are common and severe. The debris and slope instability
generated by these recurrent landslides not only poses hazards for human lives but also
damages the down slope vegetation, roads and structures; chokes water bodies; hinders the
transport and communication systems etc. Landslides also create artificial lakes and burst into
flash floods. Likewise many direct and indirect impacts associated with these landslides can be
listed. Often the roads cutting across the fragile slopes lead to triggering of landslides that
gradually assume large dimensions. A detailed study in the Alakananda river (a major tributary of
River Ganga) valley of western Himalaya revealed that the severity of landslides has been
increasing over last few decades. To understand the causes of increasing landslide phenomena,
landslide hazard zonation maps of the River Alaknanda catchment were prepared using remote
sensing data (supplemented by ground verification surveys). The land use / land cover of the
landslide sites was also taken into account to study the interrelatedness of the landslides with
these attributes. The study indicated that landslide hazards varied from one sub-catchment to
another and the landslides were positively related with road network and land use / land cover
changes from forests to degraded land. Hazard zonation analysis indicated that out of 2433
revenue villages situated in the Alaknanda valley, 1626 villages fall in the very high hazard
category. Natural recovery of the landslide sites is known to be accelerated by colonization of a
number of plant species; mainly herbaceous vegetation, both annuals and perennials (e.g.,
Achyranthus bidentata, Cardamine impatiens, Impatiens amphorata, Justicia simplex,
Polygonum amplexicaule, Rumex hastatus etc.), and thus facilitate the process of stabilization of
these sites. These pioneer species (early successional) are known for their strategy that
produces seeds / root stock profusely to expand their population, and thus play a major role in
stabilization of these sites. This mechanism also paves way for the colonization of woody
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vegetation (shrubs and tree species) at later stages. Some of the common shrub species that
colonize the landslide sites are: Hypericum oblongifolium, Lantana camara etc.). Often the old
landslide sites are colonized by a native nitrogen-fixer and fast growing tree species, Alnus
nepalensis and other fast-growing native species (e.g., Fraxinus micrantha, Pinus roxburghii,
Populus ciliata, Sepium insigne, S. sebiferum, etc.). These species are characterized by sylleptic
branching, long shoots with larger leaf area, conserve nutrients to utilize the limited resources of
landslide sites fully. Some of the herbaceous and woody legumes that colonize the landslide
sites are: Desmodium spp., Flemingia spp. Indigofera spp.; these add to the fertility of landslide
site soils.
Keywords: landslides, land use / land cover change, plant colonization, western Himalaya

18-B-16 (18:00)

Which type of succession on which type of landslide? A hypothetical
framework
Michael H. Richter
Dept. of Geography FAU, Erlangen / Germany
Email: saireacbur@web.de
The introduction to the presentation gives a general physical geographic overview on various
landslide types and their climatic distribution. Soil slides, slumps, and rock slides represent the
most prominent and common processes of slope mass movement in wet as well as in dry tropical
mountain environments. However, comparative studies in a climatologically extremely
heterogeneous Andean region in southern Ecuador state differences in post-slide development
and plant succession. While landslides (often combined with mudflows, i.e. complex slope
movement) are more abundant in the humid parts of the area investigated (Cordillera Real), rock
slides and rock flows are more frequent in the drier parts (Sierra Interandina). This leads back to
different thickness of weathered soil layers. In case of sediment deposits, one more difference
between wet and dry tropics is post-slide erosion forming gullies and badlands, which is most
intensive in semiarid areas due to stronger downpour events and scarcer plant coverage. Thus,
the type of geomorphologic activity after the initial process of sliding is of decisive importance for
the type and velocity of plant succession. Quasi-continuous download of material inhibits fast
plant establishment on slides in dry areas while moist conditions foster a relatively rapid
development of algae, lichen, and moss carpets. In consequence, although humid mountain
slopes are more vulnerable to sliding than semiarid ones, plant regrowth is faster in the first case
due to a spontaneous development of a non-vascular vegetation being the founder stage of a
facilitated settlement of shrubs and tall grasses. In contrast, slower immigration of herbaceous
life-forms on a few micro-habitats and frequent disturbances by small mass movement events
renders a plant establishment on dry slides more difficult. - A final aspect highlights once again
the difference in plant development on landforms of mass movement with respect to events at
roadsides and on pasture land.
Keywords: landslide, hypothetical framework
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#15

Comparative ecology and ecophysiology of tropical forests and
savannas
Venue: Meeting Room C, 2nd Floor

Chaired by:
• Prof. Guillermo Goldstein, Department of Biology, University of Miami
• Dr Kunfang Cao, Xishuangbanna Tropical Botanical Garden, Chinese Academy of
Sciences
18-C-1 (10:40)

Trade-offs and constraints in carbon allocation along savanna to rain
forest gradients: Prediction and processes at ecosystem level
Bucci1,2, S.J., Scholz1 F.G., Goldstein G.1,2, Meinzer F.C.3, Franco A.C.4, Miralles Wilhelm5
1
Lab.Ecologia Funcional, University of Buenos Aires, Argentina
2
Department of Biology, University of Miami
3
USDA, Corvallis, USA
4
Departamento de Botanica, Universidade de Brasilia, Brazil
5
International Florida University, USA
Email: sj_bucci@yahoo.com
Linking physiological and morphological traits of individual species with the function of
ecosystems is an important current theme in ecology and is critical for predicting the impact
associated with changes in biodiversity and climate. The conflictive allocation of resources tends
to constrain the number of possible combinations of functional traits in a particular individual and
among species, leading to functional convergence across a broad range of species. Because the
combination of species characteristics are site specific, the constraints in species and life history
traits should be reflected in ecosystems’ structure and function. Average specific leaf area (SLA),
wood density, midday leaf water potentials (ΨL), diurnal variations in ΨL and specific and leaf
specific hydraulic conductivity were studied in several sites along a tree density gradient in
Central Brazil from open savannas to savanna woodlands to tropical rain forests. We have found,
for example, that higher wood density stands (e.g. open savannas) tended to exhibit lower SLA,
more negative ΨL and lower hydraulic conductivities compared to lower wood density sites such
as savanna woodlands and tropical forests. Wood density reflects the pattern of carbon
allocation in woody plant stems, which depends on the proportion of wood volume occupied by
cell wall material and water- and air-filled spaces. Ecosystem properties result in part from the
collective characteristics of all individual organisms in a particular site. How these individual traits
scale to impact ecosystem level processes is currently unclear. We are hypothesizing that
weighted average wood density decreases with improving soil nutrient availability. Sites with low
weighted average wood density will have higher net primary productivity, higher canopy
transpiration and trees with higher photosynthetic capacity compared to sites with high weighted
average wood density. Sites with high weighted average wood density and therefore leaves with
low SLA that tend to decompose slowly are characterized by slow nutrient return and relatively
low soil nutrient availability.
Keywords: wood density, functional convergence, carbon allocation, neotropical savanna
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18-C-2 (11:00)

Ecophysiological processes in Brazilian savannas: A multiscale analysis
Scholz F.G.1, Bucci S.J.1,2, Goldstein G.1,2, Meinzer F.C.3, Franco A.C.4, Miralles Wilhelm5
1
Lab.Ecologia Funcional, University of Buenos Aires, Argentina
2
Department of Biology, University of Miami
3
USDA, Corvallis, USA
4
Departamento de Botanica, Universidade de Brasilia, Brazil
5
International Florida University, USA
Email: fgscholz@yahoo.com
Physiological mechanisms and processes that regulate water transport along the
soil-plant-atmosphere continuum were studied in central savannas of Brazil (Cerrado). The
magnitude and the possible consequences of hydraulic redistribution (HR), its relationships
and/or tradeoffs with nocturnal water use, root hydraulic conductivity, as well as the role of the
internal water storages on the water economy of Cerrado trees, were assessed using different
approaches and scales. Consequently it was necessary to utilize several methods and
techniques, including a mathematical model that was used to extrapolate to the ecosystem level
studies done at a lower level of organization. Results from this study demonstrated that the water
transport in the soil-plant continuum in trees of Neotropical savannas is influenced by the
magnitudes and variations of hydraulic resistances and driving forces for water transport
(gradient in water potentials) and also by processes and mechanisms such as HR, nocturnal
transpiration and internal capacitance of plants which helped to buffer the effects of diurnal and
seasonal water deficits in the extreme seasonal environment of the tropical Brazilian savannas.
Hydraulic redistribution was also related to species-specific patterns of leaf dynamics: deciduous
and brevideciduous tree species with dimorphic root systems tended to perform HR, during the
dry season, more frequently than evergreen tree species did.
Keywords: hydraulic redistribution, capacitance, neotropical savannas, nocturnal water use.

18-C-3 (11:20)

Shoot hydraulic conductivity correlated with canopy leaf structure,
photosynthetic capacity and growth rate in 17 dipterocarp tree species in a
common garden plantation
Jiaolin Zhang1 and Kunfang Cao1,2
1
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun Mengla,
Yunnan, China 666303
2
Center for Research on Wild Plants, Utsunomiya University, 350 Mine–Machi Utsunomiya,
321–8505, Japan
Email: zjl@xtbg.org.cn
Dipterocarpceae is the most important tree family in tropical Asia. Nearly 40 dipterocarp species
from southern China and its neighboring tropical countries have been introduced to the
Xishuangbanna Tropical Botanical Garden (21°55‘N, 101°15’E, 560m a.s.l.), southern Yunnan,
China. In the raining season 2005, photosynthetic capacity (Amax), chlorophyll content, and
anatomy of canopy leaves, and shoot hydraulic conductivity of 17 dipterocarp species in this
botanical garden were characterized in order to examine the relationship between these traits.
These species belong to 5 genera, i.e., Anisoptera (1 species), Dipterocarpus (5 species),
Hopea (4 species), Parashorea (1 species), Shorea (3 species) and Vatica (3 species). Our
results showed that Amax of these species ranged from 5.1 to 20.3 μmol m–2 s–1 and from 64 to
210 nmol g–1 s–1 on leaf area and mass bases, respectively. The species from Anisoptera and
Dipterocarpus generally had higher Amax than those from other three genera. The species from
Parashorea, Shorea and Vatica had two to three layers of palisade mesophyll and high palisade
to spongy mesophyll ratios. Maximum shoot specific hydraulic conductivity (ks max) and leaf
specific conductivity (kl max) ranged from 3.5 to 15.5 kg m–1 s–1 MPa–1 and 17.0 to 77.4 mmol m–1
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s–1 MPa–1, respectively. Across species, ks max was positively correlated with Amax, kl max was
positively correlated with leaf thickness, especially palisade thickness, and Amax was positively
related to mean annual height and diameter growth rates. Our results demonstrated that shoot
and leaf structure were correlated with their physiology and whole plant growth rate. In addition,
the relationship between the ecophysiological characteristics and phylogenetics of the 17
species was discussed.
Keywords: ex situ conservation, introduction, northern limit of tropical rainforest, vessel, wood
density

18-C-4 (11:40)

Activities of antioxidant system and xanthophyll pigments in woody
savanna plants in SW China
Junjie Zhu 1, 2, Jiaolin Zhang1 and Kunfang Cao1,3
1
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun Mengla,
Yunnan, China 666303
2
Graduate School of the Chinese Academy of Sciences, China
3
Center for Research on Wild Plants, Utsunomiya University, 350 Mine–Machi Utsunomiya,
321–8505, Japan
Email: caokf@xtbg.ac.cn
Under stressful conditions, antioxidant system and xanthophyll pigment activity are two major
physiological mechanisms that protect the integrity of the photosynthetic system and cell
membranes of leaves. However, these have been hardly investigated on the savanna plants that
are often associated with co-occurrence of water and nutrient deficits and high irradiance and
temperature. We measured the heat tolerance capacity, seasonal changes in photosynthesis,
antioxidant activities and contents of proline and soluble carbohydrates in four woody species,
and xanthophylls pigment activity in two woody species in a savanna valley, Yunnan, SW China.
A total of five species were studied, with one being evergreen. This site has a distinct dry season
lasting for a half year and separated by a chilly and a warm dry period. These species showed
–2 –1
quite high photosynthetic rates (12-18 mmol m s ) in the rainy season, with the leaf heat-killing
temperature of 51-52℃. All species especially the evergreen suffered more in the chilly-dry than
in the warm-dry season, as indicated by the changes in photosynthesis, chlorophyll fluorescence,
contents of the major osmoregulation substances and activities of reactive oxygen species and
corresponding antioxidant systems. To cope with stresses, decreasing chlorophyll activity to
down-regulate light harvesting and increasing xanthophyll pigment activity to up-regulate thermal
discharge of absorbed light energy were commonly employed by these species. The species
differed in the activities of different antioxidant pathways in different seasons, but all species
showed remarkably high overall activity of superoxide dismutase in all seasons and strong
activities of reduced glutathione and glutathione peroxidase in the chilly-dry season. All
increased the contents of soluble sugars and free proline in the dry especially the chilly-dry
season, but with notably low overall contents of free proline. Soluble carbohydrate content was
positively correlated with both contents of anthocyan and ascorbate at the species level. The
xanthophyll pool sizes of the two species examined were notably lower than the reported values
for plants under drought and cold conditions, though their exceptionally high β-carotene contents.
The deciduous species particularly a drought-deciduous species (Woodfordia fruticosa) had
much stronger antioxidant system than the evergreen. Our results revealed that the savanna
species are particularly intolerant of chilly temperature but are well protected by strong
antioxidant system, and soluble carbohydrate plays a central role in linking the processes of
photosynthesis, antioxidant system and osmoregulation.
Keywords: antioxidation, chilling, photoprotection, osmoregulation, thermal dissipation
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18-C-5 (12:00)

Physiological and morphological characteristics as determinants of
ecological success in subtropical Atlantic Forest tree species differing in
shade tolerance
P. Campanello1, M.G. Gatti1 and G. Goldstein1 2
1
Laboratorio de Ecología Funcional, Departamento de Ecología Genética y Evolución, Facultad
de Ciencias Exactas y Naturales, Universidad de Buenos Aires. Ciudad Universitaria, Pab. II 4o
piso, C1428EHA, Buenos Aires, Argentina
2
Department of Biology, University of Miami, Cox Science Center, Coral Gables, Florida
33124-0421
Email: pcampanello@yahoo.com
Most of the forests belonging to the semi deciduous Atlantic Forest ecoregion in Northern
Argentina are invaded by bamboos and lianas. These native invasive plants changed the
structure and function of the ecosystem by inhibiting the regeneration of canopy tree species.
The removal of these invasive species resulted in higher levels of solar radiation in the forest
understory, which in turn affected tree sapling growth through changes in ecophysiological
attributes. The increment in light penetration was correlated with higher leaf area production,
lower specific leaf area and higher growth rates of tree saplings. The magnitude of the responses
was species-specific dependent. Tradeoffs and functional convergence among physiological and
morphological characteristics such as water transport and photosynthetic capacity or wood
density, specific leaf area and leaf longevity or leaf damage by insects were observed across
different tree species differing in shade tolerance.
Keywords: physiological, morphological, differing, shade tolerance
18-C-6 (12:20)

A comparative study of two methods of assessment of the light condition
under forest canopy: total radiation and PAR
Nguyen Van Sinh
Institute of Ecology and Biological Resources, 18 Hoang Quoc Viet, Cau Giay, Ha Noi, Vietnam
Email: nguyenvansinh@iebr.vast.ac.vn
The target tree species, especially the species that are native to primary forest, generally have a
light demand that varies in the course of their development. Therefore, to have success in forest
restoration with using natural regeneration, it is necessary to know how much light each tree
species needs in each of their development stages. This helps to make decision about, whether
or not target tree should be supported in competition with non-target tree, and if it is the case,
how intensive – in order to achieve both welcome increment of target tree species and high floral
diversity of the forest. Knowledge of light demand of forest tree species is also essential for
enrichment planting, for creating plantation of native forest tree species, and for transforming
plantation to mixed forest of native forest tree species. Thus, light condition is important for
forestry practice. But assessment of light condition is a challenge. Light intensity of one place
changes with the day time, season, altitude and weather condition. That means we can not use
the values we receive through measurement at different places and different time to estimate the
light demand of a tree species. No surprise that up to now in the forest management practice of
Vietnam, tree species are only evaluated in their demand in light with very vague expression like
‘shade tolerant’ or ‘light demand’ tree species. This report presents preliminary results of my
effort to develop a method of quantitative assessment of the light demand of tree species. The
problem of light variability along the day time, season, altitude and weather condition would be
resolved if we use the relative light intensity as the normalized value: the light intensity will be
simultaneously measured in the forest and on open place, then the value received in the forest
will be divided by the value received on open place. The open place should be located not far
from the place in the forest in order to avoid the influence of partial cloudiness. The total radiation
under the forest canopy should then be measured. PAR that includes radiation between 400 and
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700 nanometers is supposed to be the light intensity that the trees perceive. The problem is that
PAR can change under the forest canopy from place to place depending on the degree of its
absorption by the forest canopy according to the tree species combination, the degree of canopy
closeness and the intensity of the sunshine. And where the PAR and the total radiation under the
forest canopy do not have any correlation, we can not quantitatively assess light condition under
the forest canopy and we can not make any conclusions about light demand of tree species from
the light measurements: the total radiation under the forest canopy does not truly reflect the light
condition for the tree species and PAR measurements under the forest canopy are total
independent values. This report presents my comparative study of two methods of assessment
of the light condition under the forest canopy: using total radiation and PAR. It turns out that total
radiation and PAR of one place under a specific vegetation cover (primary forest, secondary
forest, certain tree species) have a very close correlation. The correlation coefficients between
total radiation and PAR in different places range from 0.9356 to 0.9912.
Keywords: light demand, native tree species, forest restoration
18-C-7 (14:30)

Volatile Organic Compound (VOC) emissions of tropical tree species in
Xishuangbanna, SW-China
Burkhard Wilske1, Kun-Fang Cao1, Juergen Kesselmeier2
1
Xishuangbanna Tropical Botanical Garden, Menglun, Yunnan, China
2
MPI for Chemistry - Biogeochemistry Dept., Mainz, Germany
Email: bwilske@xtbg.org.cn
Gas exchange in plants plays a key role in shaping the chemical and physical properties of the
earth’s atmosphere. Exchange of water vapour, oxygen, carbon dioxide, and volatile organic
compounds (VOC) strongly influence the transmission of radiation, the heat balance, as well as
the oxidative capacity of the atmosphere.
The same features are closely linked with feedbacks in terrestrial ecosystems.
Tropical rainforests contribute a major share to the global exchange between biosphere and
atmosphere. While assessments based on processes such as photosynthesis and plants
transpiration are well understood, the data basis for VOC exchange of tropical vegetation is still
relatively small, and thus, large-scale assessments may also include large errors.
Screening experiments can check VOC emission potentials of a larger number of tropical
species and may help to catch up with the number of species that were investigated from the
vegetation of the boreal, temperate and mediterranean climate.
However, results from screening experiments may fail to represent the overall VOC exchange of
species, as they may lack the reflection of the diversity of controlling factors influencing
phytogenic VOC emission.
We investigated the VOC emissions of a few tropical species within a secondary rainforest in
Xishuangbanna, and discuss the results in relation with plant physiological parameters and with
respect to environmental conditions that may have significant influences on the actual VOC
emissions of tropical tree species.
Keywords: volatile organic compounds (VOC), emissions, tropical rainforest
18-C-8 (14:50)

Mycorrhizal and foliar endophytic fungi: microbial influences on plant
physiological processes
Edward Allen Herre, Damond A. Kyllo, Dora Alvarez, Klaus Winter, and Jed Sparks
Smithsonian Tropical Research Institute, Cornell University, Smithsonian Tropical Research
Institute, unit 0948, APO AA 34002-0948 U.S.A
Email: herrea@gamboa.si.edu
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We will present evidence that demonstrates the physiological effects of the presence and
identities that two different types of symbiotic fungi (arbuscular mycorrhizae in roots, and foliar
endophytic in leaves) can have on physiological properties that are routinely attributed to "the
plant". Specifically, depending on AMF species that has colonized the host plant, relative
allocation to roots and aboveground tissues, growth, photosynthesis, net carbon gain, and water
relations can all change, effectively producing physiologically different host plants. Similarly,
foliar endophytic fungi can affect a suite of host physiological properties. Ultimately, researchers
must be alive to the possibility that the "plant" properties that they study are actually the result of
interactions of hosts with symbiotic fungi and that the outcome depends not only on the identity
of the host plant, but also potentially on the presence and identities of the symbionts.
Keywords: plant physiology, arbuscular mycorrhizal fungi, endophytic fungi, photosynthesis,
water relations, allocation
18-C-9 (15:10)

Aboveground biomass investments and light interception of plants the
first years of secondary succession in tropical forest
Selaya, N.G1,2, Anten, N.P.R1, Matthies, M.1, Oomen,R.J.1, Netten, J.1 & Werger, M.J.A.1
1
Section of Plant Ecology & Biodiversity, Institute of Environmental Biology, Utrecht University.
P.O.Box 800.84, NL-3508TB Utrecht, The Netherlands
2
Programa Manejo de Bosques de la Amazonía Boliviana (PROMAB), Casilla 107, Riberalta,
Bolivia.
Email: gselaya@yahoo.com
We related aboveground biomass allocation to light interception of pioneer tree and liana species
growing in three forest stands that were 6 months, 2 and 3 years old succession after slash and
burn agriculture cycle.
Individuals of the most frequent ten species (7 tree and 3 liana species) were measured in terms
of the vertical distribution of total aboveground biomass, stem height, diameter and leaf angles at
each stand. Leaf longevity was also measured in the youngest stand. Daily light capture per
individual (Φd) was calculated with a canopy model. Mean daily light interception per units of leaf
area (Φarea), leaf mass (Φleaf mass) and aboveground mass (Φmass) were used as measures of
instantaneous efficiency of biomass use for light capture.
Vegetation height and LAI increased with stand age and light at the forest floor decreased from
34 to 5%. Trema and Ochroma early dominate the canopy getting 2 fold taller than species in the
understory. These species also had lower amounts of leaf mass per unit of total mass at a given
height than understory ones.
Early dominants showed a gradual increase in light interception per leaf mass (Φleaf mass) with
stand age. They were equally efficient in light interception than understory species at the
youngest stage. Lianas gradually became taller at a given mass and diameter than trees,
probably because very early they were free-standing and started to climb later on. Yet, they were
not more efficient than free-standing trees in light interception.
Early dominant species had at least three fold shorter leaf life spans. When the total light
interception over the mean lifespan of leaves was calculated (leaf longevity), the light intercepted
by the early dominants was lower than the understory species.
These results show that short-term dominance of species is associated with a high rate of leaf
turnover. This may result in relatively high biomass costs of light acquisition for early dominants
and may negatively impact their performance in later stages of succession.
Keywords: Bolivia, canopy model, leaf longevity, lianas, light interception, pioneers, leaf mass
ratio, secondary succession, tropical forest
18-C-10 (15:30)

A good example of what dry tropical forests were like, the case of
Providencia Island, Colombia

59

The Annual Meeting of the Association for Tropical Biology and Conservation
July 18-21, 2006, Harbour Plaza Hotel, Kunming, China

Jorge Ruiz, Maria Claudia Fandino
Universidad de La Salle, Instituto de Investigación de Recursos Biologicos Alexander von
Humboldt. Carrera 4 B No. 59-28, Bogota, D. C. Colombia
We censused in structure and composition all woody vegetation >2.5 cm DBH in 100 quadrats of
0.01 ha of dry tropical forest on Providencia island, Colombia, in the southwest Caribbean.
Quadrats were laid in a chronosequence of six age classes. The chronosequence was
determined with remote sensing data. In the 100 quadrats we encountered 3445 individuals with
5113 total stems. The presence of lianas increases with age class while the sprouting ability
indicators were negatively associated with age class. Younger forests have less variability in
DBH and height in comparison to older forests. Although some authors argue that this is a
transitional forest, we present evidence that Cock spur (Acacia collinsii) is the most dominant
species, a species clearly associated with dry tropical forests. Compared to other dry tropical
forests in the Neotropics, basal area as well as species richness of Providencia is higher than
most Caribbean forests evidencing the good condition of this forest.
Keywords: dry tropical forest, Caribbean, Colombia
18-C-11 (15:50)

Leaf traits, trade-offs and plant performance across rain forest species
Lourens Poorter1,2, Frank Sterck1 and Frans Bongers1
1
Forest Ecology and Forest Management Group, Wageningen University, P.O. Box 47, 6700 AA
Wageningen, the Netherlands
2
Instituto Boliviano de Investigación Forestal (IBIF), Casilla 6204, Santa Cruz, Bolivia
Email: frans.bongers@wur.nl
We compared leaf traits and plant performance of 53 co-occurring tree species in a
semi-evergreen tropical moist forest community in Bolivia. The species differed in all leaf traits
analysed: leaf lifespan varied 11-fold amongst species, specific leaf area 5-fold, mass-based
nitrogen 3-fold, mass-based assimilation rate 13-fold, mass-based respiration rate 15-fold,
stomatal conductance 8-fold and photosynthetic water use efficiency 4-fold. Photosynthetic traits
were strongly coordinated and specific leaf area predicted mass-based rates of assimilation and
respiration; leaf lifespan predicted many other leaf characteristics. Leaf traits were closely
associated with growth, survival, and light requirement of the species. Leaf investment strategies
varied on a continuum trading off short-term carbon gain against long-term leaf persistence that
in turn linked to variation in whole-plant growth and survival. Faster-growing species had higher
SLA and nitrogen concentrations and were physiologically more active, but died faster than
slower-growing species. Leaf lifespan contributes to this growth-survival trade-off, as species
with longer-lived leaves had slower growth rates, and higher survival rates. Leaf traits were good
predictors of plant performance, both in gaps as well as in the forest understorey. High growth in
gaps is promoted by cheap, short-lived, and physiologically active leaves. High survival in the
forest understory is enhanced by the formation of long-lived well-protected leaves that reduce
biomass loss by herbivory, mechanical disturbance or leaf turnover. Leaf traits underlie this
growth-survival trade-off, with species with short-lived, physiologically active leaves having a
high growth but a low survival. The continuum in leaf traits, through its effect on plant
performance, gives therefore rise to a continuum in species’ light requirements. Additionally we
used a theoretical plant growth model to link leaf trade-offs to whole plant performances and to
differential performances across species in different light environments. We found that: (1) SLA
and photosynthetic capacity co-determined inter-specific height growth variation in a forest gap;
(2) Leaf survival rate determined the variation in plant survival rate under a closed canopy; (3)
Predicted height growth and plant survival rate matched field observations; (4) Fast growing
species had low survival rates. These relationships were found for both field and predicted
values. These results show how leaf trade-offs influence differential tree performance and tree
species co-existence in a heterogeneous light environment.
Keywords: Bolivia, growth-survival trade-off, leaf life span, leaf trade-off, light, photosynthesis,
plant growth model, rain forest trees
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#16

Contributed Symposium: Vertebrates and Invertebrates in Tropical
Ecosystems
Venue: Meeting Room D, 2nd Floor

Chaired by:
• Dr William A. Gould, International Institute of Tropical Forestry, USDA Forest Service
• Ms Eleanor M. Slade, Department of Zoology, University of Oxford
18-D-1 (10:40)

The relative importance of autochthonous and allochthonous food sources
in tropical streams
Danny C. P. Lau, Kenneth M. Y. Leung and David Dudgeon
Department of Ecology & Biodiversity, The University of Hong Kong, Pokfulam, Hong Kong SAR
Email: h0030073@hkusua.hku.hk
Previous work has indicated that autochthonous food is the principal basis of consumer
production in small forest streams in Hong Kong. This matter was investigated further by
comparing stoichiometric analysis (STA of C and N), fatty acid profiling (FAP), bulk tissue carbon
and nitrogen stable isotope analysis (BSIA) and compound-specific isotope analysis of fatty acid
carbon (CSIA) in order to determine the relative importance of autochthonous and allochthonous
energy sources in streams with different degrees of riparian shading. Basal food sources (leaf
litter, fine particular organic matter, periphyton, cyanobacteria) and dominant primary consumers
(snails, shrimps, fishes) were collected in three Hong Kong streams (2 shaded and 1 unshaded)
in the dry seasons of 2004. Further investigation focused on laboratory populations of the
omnivorous snail Brotia hainanensis (Pachychilidae) that were fed for six months with periphyton
or Liquidambar formosana (Hamamelidae) leaf litter. FAP, BSIA and CSIA of field-collected
animals and experimental snails confirmed that primary consumers relied primarily on
autochthonous food sources. These results were supported by the STA findings that periphyton
is more nutritious (lower C/N ratio) than leaf litter. FAP, BSIA and CSIA were more sensitive than
STA in elucidating the basal food sources of the consumers.
Keywords: autochthonous food; basal food sources, stable isotopes, fatty acids, tropical
streams
18-D-2 (11:00)

Impact of bat diversity in forest restoration of Southern Western Ghats,
India
Juliet Vanitharani
Bat Research Laboratory, Department of Zoology, Sarah Tucker College, Manonmanium
Suntharanar University, Tirunelveli – 627007, Tamilnadu.
Email: juliet@sancharnet.in
Kalakad Mundanthurai Tiger Reserve (incorporated in two of the W.W.F. Global 200 Ecoregions
WWF Global Ecoregion No. 20: “South-western Ghats Moist Forests”; and No.171: Western
Ghats Rivers and Streams) a part of southern Western Ghats possesses multi-species and
multi-aged trees as the dominant community. These forests provide essential resources of both
ecological and economical value. Being a hotspot they provide habitat for wildlife, prevent
drought, are the source of river Thamirabarani and maintain purity of the atmosphere. Recent
human interference, indiscriminate felling of trees and misused estate management cause
damage to this ecosystem. Restoration is the only step for the reconstruction of various tropical
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forest types. The available bat diversity in the ecosystem is important in controlling insect pests,
dispersing seeds and pollinating flowers. The Megachiropterans are the only flying mammal
which exhibits mutualism with plant community. These mobile foragers move genetic materials
like pollen and seeds over long distances. Their flight is adapted for navigation both above and
within canopy level. This enables them to access all types of plant species. They carry large and
small sized seeds over long distances. Their gut processes the seed for quick germination. Their
species-specific dietary preferences immensely help to retain the community structures and long
term survival of specific taxa. Thus they restore and maintain the degraded and fragmented
landscape in the forest interiors. Still the existence of bats in the ecosystem is under question,
because of the indiscriminate anthropogenic perturbation in their habitat. They have very poor
recognition under Indian government legislation and policies. If these bio-agents of the
ecosystem decline there may be repercussion across the whole ecosystem.
Keywords: bat diversity, Megachiropterans, hotspot, anthropogenic, perturbation, repercussion,
18-D-3 (11:20)

The effects of season and substrate availability on the abundance of
riparian spiders along Hong Kong streams
Eric K. W. Chan, Yixin Zhang and David Dudgeon
Department of Ecology & Biodiversity, The University of Hong Kong, Pokfulam Road, Hong Kong
Email: h9941424@hkusua.hku.hk
Two species of orb-web building riparian spiders, Orsinome diporusa and Tylorida ventralis
(Tetragnathidae), are common along forested hill streams in Hong Kong, southern China (lat.
22ºN). Surveys of these spiders were conducted along 10 sections of 4 such streams during
August and September 2005 (wet season) and January to March 2006 (dry season). Their
abundance varied among streams, ranging from 0.04 - 0.35 webs per m2 in the wet season to
0.08 - 0.88 webs per m2 in the dry season. Spider densities were negatively correlated with
stream width (range: 1.2m - 8.4m), which was probably related to the availability of substrates for
web-building. A manipulative experiment in 4 streams (reach length = 30m, width = 1-2m) was
undertaken to test this hypothesis during the 2006 dry season. Ropes and bamboo poles were
supplied to mimic riparian vegetation and dead wood thereby enhancing the availability of
substrates for web attachment. After 3 weeks, the ‘enhanced’ reaches had, on average, 25%
more webs than the similar-sized control reaches. More than half (50-84%) of the webs
encountered during the wet- and dry-season surveys were built within 0.5m of the water surface,
and orientated horizontally; i.e. 0-30º, or almost parallel to the water surface. This may be an
adaptation to catch emerging adult aquatic insects. Samples of prey taken from the webs of both
tetragnathid spiders indicated that, on average, aquatic insects contributed to 69% of the prey in
the wet season, but only 38% in the dry season. Chironomidae (stream midges), Ephemeroptera
(mayflies) and terrestrial Diptera were the most abundant food types during both seasons,
making up 84-86% of total prey. This study demonstrates that aquatic production provides an
energy subsidy for riparian predators, although the importance of this subsidy varies between
seasons. Changes in the riparian environment (e.g. increased availability of substrates for web
attachment) can affect spider abundance, and may have implications for the transfer of energy
derived from the aquatic environment and its inclusion in terrestrial food webs.
Keywords: riparian, spiders, streams, food webs, aquatic insects
18-D-4 (11:40)

Divided we don't fall: partitioning of time and food resources in a carpenter
bee community in India
Hema Somanathan1, Almut Kelber2, Eric J.Warrant2 and Renee M. Borges1
1
Centre for Ecological Sciences, Indian Institute of Science, Bangalore 560012, India
2
Department of Cell and Organism Biology, Lund University, Helgonavgen 3, 22362 Lund,
Sweden.
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In an on-going field study, we are investigating the community ecology, daily flight activity
patterns (over the 24 hour cycle), eye design in relation to foraging times (diurnal versus
nocturnal) and the pollination potential of large carpenter bees in Bhimashankar Wildlife
Sanctuary (19o21’ N, 73o31’E, elevation 900 m), in the Western Ghats of India. At least three
species of carpenter bees co-occur in this site: Xylocopa (Nyctomellita) proximata, X.
(Koptortosoma) ruficornis and X. (Mesotrichia) tenuiscapa. Carpenter bees occur in all habitats
in the sanctuary and construct nests in dead logs and branches. The three species spatially
segregate by showing preference for different dead wood species as nesting substrates. This
system has many characteristics that make it specially suited to cross-species comparisons of
behaviour and resource utilization. Hypotheses associated with the evolution of nocturnality have
largely been put forth in the context of bats and these recognise reduced competition for
resources and escape from predators in the night environment as key ecological factors for
nocturnality to evolve. Most flowers in the study site open during the day and night-opening
flowers are rare due to the night resource environment being markedly different from that of the
day. Nocturnal bees arriving at flowers early (following anthesis) while pollen and nectar are
plentiful could indicate that nocturnality is related to the availability of an empty niche, namely
night floral resources. If nocturnal bees largely utilise residual pollen or nectar after other bees
stop foraging, this could suggest that a nocturnal life style is a consequence of competitive
exclusion of the species from the day floral resource environment.
The role of nocturnal pollination by bees in the context of night-flowers and also of day-flowers
with residual rewards is relatively unknown worldwide. We have so far established that carpenter
bees (X. tenuiscapa and X. proximata) are the only pollinators (at least at this study site) of the
flowers of Heterophragma quadriloculare (Bignoniaceae), a self-incompatible tree with large
white flowers that open at night and wither the following day. Moreover, our results indicate that
the largely diurnal X. tenuiscapa which is capable of undertaking flights under dim light is
facultatively nocturnal in order to opportunisticly exploit the seasonally available and highly
rewarding flowers of Heterophragma quadriloculare.
Although nocturnality in carpenter bees was reported from India more than a century ago there
was no further investigation until our study. This study is the first attempt at a comparative study
of closely related pollinator species that divide along the diurnal-nocturnal niche axis and
provides an opportunity to assess the role of food resources in facilitating and maintaining
evolutionary transitions to nocturnality.
Keywords: bee, food resources
18-D-5 (12:00)

Biodiversity patterns of resident, endangered and endemic terrestrial
vertebrates in Puerto Rico
Gould W A, Fevold B, Jiménez M, Martinuzzi S and Solórzano M
USDA Forest Service, International Institute of Tropical Forestry, 1201 Calle Ceiba, Río Piedras,
PR 00926
Email: wgould@fs.fed.us
We developed predicted species ranges and habitats for 177 terrestrial vertebrate species
occurring in Puerto Rico, Mona, Vieques and Culebra as part of an analysis of biodiversity and
conservation management for the islands. The total fauna of Puerto Rico and its islands includes
437 species. We analyzed the distribution and resulting biodiversity patterns of the resident,
endangered, and endemic species. This includes 98 bird species, 46 reptiles, 18 amphibians,
and 15 mammal species. Predicted species habitats were based on three elements. 1) A
comprehensive set of over 40,000 species occurrences for Puerto Rico were used to develop
range maps for each species. These ranges are based on occurrence within a set of 24 km2
hexagons covering the islands. 2) A new land cover map of the Puerto Rico and its islands
describes over 90 habitat types at 15m spatial resolution. And 3) we developed species habitat
models through literature review and expert consultation. Species predicted habitat includes all
habitat occurring within a species range and any contiguous habitat that extends into adjacent 24
km2 hexagons. Overall species richness was highest in the forested mountain regions. Bird
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species richness was highest in forested regions. Reptile species richness was highest in the dry
southwestern portions of the island and amphibian species richness in the wetter mountain
peaks. These maps and analyses represent the first island-wide assessment of biodiversity
based on systematic mapping of species ranges and habitat in Puerto Rico.
Keywords: species richness, GIS, biodiversity, gap analysis, Puerto Rico
18-D-6 (14:30)

The Sun Bear Project 1998-2000
Siew Te Wong
Wildlife Biology Program, Ecosystem & Conservation Sciences Department, College of Forestry
and Conservation, University of Montana, Missoula, MT 59812, USA
Email: wongsiew@hotmail.com
One of the most important findings from the Sun Bear Project 1989-2000 was the impact of fruit
production cycles on sun bears and bearded pigs. The tropical rainforests generally give us a
superficial impression of high food abundance due to the stable climatic condition. Plants grow
and stay alive all year round under favorable climatic condition without any dormancy. In theory,
some plants would produce fruits year-round and provide constant food supplies to frugivores
and granivores. However, the tropical rainforests of Borneo, Sumatra, and Peninsula Malaysia
have a unique and spectacular reproductive pattern known as general flowering, follow by
general fruiting events that happen in an interval of two to 11 years. Most trees in the forest
produce very little fruits between the fruiting events, a period known as “intermast” interval,
except for some species of trees that don’t adopt this reproductive patterns and fruit year-round.
As a result, the intermast interval becomes a “lean” period for many fruit eating wildlife in the
forests. I observed this lean period during my study period that lasted for about 12 month from
August 1999 to September 2000. This lean period was so severe that a famine had occurred in
the forests with many bears and bearded pigs suffered from various stages of starvation,
including death. I attributed the famine to the results of three reasons listed below: i) Low fruit
production during this period that related to severe La-Nina Southern Oscillation of 1999-2000.
The high rainfall disrupted the fruiting activities that would have been occurred otherwise. ii) Fig
trees failed to produce figs, which was caused by a breakdown of mutualism relationship
between figs and fig wasps. The reasons for the mutualism relationship breakdown were the
severe drought and dry weather from ENSO in 1997-98, as reported by Harrison (2001). The end
result was no fig in the forests, and many animals depending on figs, including sun bears and
bearded pigs, suffered. iii) Intensified competition between sun bears and bearded pigs as a
result of disruption of migratory behavior because of habitat fragmentation and logging. Bearded
pigs are known to migrate in large herds, travel across large landscape and cross large
geographic barrier in search for fruiting forest patches. The migratory behavior evolved as a
consequence of low fruit production during the intermast interval. This migratory behavior of
bearded pigs were recorded in our study area during the late 60’s and early 70’s when the
forests are intact, but not after mid 80’s after logging activities started to fragment the landscape
and reduced the size of forest covers. We believed during the low fruiting periods, instead of
migrating to other forest patches looking for more food, bearded pigs in our study area were
“stranded” in the forest, and intensified the competition with other frugivores, such as Malayan
sun bears.
Keywords: Sun Bear, radio tracking
18-D-7 (14:50)

Religious release of birds in Hong Kong
Chan Sin Wai
Department of Ecology & Biodiversity, The University of Hong Kong, Pokfulam, Hong Kong.
Email: aidia@graduate.hku.hk
The release of birds and other animals, largely by religious followers, is a common and
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widespread practice in East and Southeast Asian countries, including Hong Kong. The traditional
intention was good: to save animals from danger or captivity and return them back to the wild.
The process, however, has become highly commercialized and now involves large-scale
trapping, trans-border trading and the release of huge numbers of animals in novel environments.
This results in various problems, including animal cruelty, the establishment of exotic species,
and the potential for transmission of diseases to wild populations and people.
A telephone survey of bird release practices in Hong Kong, targeting religious organizations, was
conducted in April 2005. It revealed that at least 175,000 birds are released by these
organizations every year, at a cost of US$115,000. Many additional birds are released by
individuals. A one year bird market survey of the main bird market in Hong Kong recorded a total
of 198,000 birds sold for release, comprising 36 species, of which 18 are exotic to Hong Kong.
Several exotic species that are now established in the wild were probably the result of deliberate
releases. Birds sold for release were released and tracked using radio telemetry. The mortalities,
most within 2 days of release, were 50% for 4 red-whiskered bulbuls (Pycnonotus jocosus), 75%
for 4 light-vented bulbuls (P. sinensis) and 20% for 5 Eurasian tree sparrows (Passer motanus).
While a complete halt to the religious release of animals may be impossible, both education and
legislation are needed to limit the potential damage.
Keywords: birds, bird trade, exotics, Hong Kong, radio telemetry, release
18-D-8 (15:10)

Study on the nocturnal migration of bird in Automn, Yunnnan Province
Xue-bing Zhao, Zi-jiang Wang, Jin-liang Wu, Zhao-lu Wu
School of Life Science, Yunnan University 2 Cuihu Northern Road, Kunming 650091,PR.of
China
Email: xue-bingzhao@sohu.com
Based the field data collected in the past 25 years, about 40 sites in Yunnan Province China
were recognized to have the migratory phenomenon for nocturnal birds, with a total number of
234 species birds. The main sites are distributed in Ailao Mountain, Yunling Mountain, Wumeng
Mountain and mountains in Wenshan Prefecture. This paper also discusses the relationship
between weather and migration of nocturnal birds.
Keywords: nocturnal migration, migratory bird, Yunnan Province
18-D-9 (15:30)

Earthworm communities along an elevational and climatic gradient in
Northeastern Puerto Rico
Grizelle González1, Emerita García1,2, Sonia Borges2, Maria M. Rivera1
1
USDA FS International Institute of Tropical Forestry, Río Piedras, Puerto Rico
2
University of Puerto Rico, Mayagüez, Puerto Rico, Jardín Botánico Sur, 1201 Calle Ceiba, San
Juan, PR 00926-1119, Puerto Rico
Email: ggonzalez@fs.fed.us
Most of the ecological studies of earthworms in Puerto Rico have been performed in the
tabonuco (Dacyodes excelsa) forest; where earthworms are the most abundant group of the soil
fauna in terms of biomass and they are important determinants of the decay rates of litter. In this
study, we describe 1) earthworm communities along an elevational / climatic gradient of eight
forest types in north-eastern Puerto Rico, and 2) relate their abundance, biomass, diversity and
developmental stage to climatic, soil physical / chemical properties and /or other biotic
characteristics (microbial biomass, root biomass / length). A network of 24 sites was selected for
this study (3 sites and 8 forest types) that include: cloud, colorado (Cyrilla racemiflora), palm
(Prestoa montana), tabonuco, lowland moist, Pterocarpus and mangrove forests. The gradient
o
comprises 1) a range of 1500 – 5000 mm of rainfall and 2) a 5 C difference in air temperature
from the top to the bottom of the Luquillo Mountains. Up until now, 14 worm species belonging to
6 families have been found along the gradient. The density and biomass of worms were higher in
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the Pterocarpus and cloud forests as compared to the other forest types. In the Pterocarpus
forest, only immature individuals of a single species were found. The cloud forest had the highest
number of species and presence of native worms while the lowland moist forest had the highest
presence of exotic worms. The total biomass of worms was significantly and positively correlated
to rainfall, soil bulk density and ground litter depth. Meanwhile, the diversity of earthworms was
negatively correlated to the air temperature and microbial biomass.
Keywords: earthworms, cloud forests, Luquillo Mountains
18-D-10 (15:50)

Environmental conditions at various breeding sites of Triturus v. vittatus
(Urodela)
Oren Pearlson1,2,3, Leon Blaustein3 and Gad Degani1,2
1
MIGAL-Galilee Technology Center, P.O.Box 831, Kiryat-Shmona 11016, Israel.
2
School of Science and Technology, Tel-Hai Academic College, Upper Galilee 12210, Israel.
3
Institute of Environment, Faculty of Science and Science Education, University of Haifa,
P.O.Box 90005, Haifa 31905, Israel.
Email: gad@migal.org.il
Biotic and abiotic conditions of different breeding sites of Triturus v. vittatus in northern Israel
were studied for four years. The altitudes of these localities, in the Upper Galilee, ranged from
212 to 740 m above sea level. Dovev pond, located at the highest elevation (740 m ASL), had
the longest larval growth period. Periods of larvae growth in the various sites varied between the
years of the study.
Anuran larvae Hyla arborea, Bufo viridis, Rana ridibunda and Pelobates syriacus were found
together with newt larvae in some of the breeding sites. Salamandra s. infraimmaculata larvae
and adult newts inhabited few rain pools together, but there was very little overlap in the larval
growth periods of these two urodele species. Newt larvae hatched mostly after salamanders
completed metamorphosis and left the pond. The temperatures ranged between 5-30°C from
winter to spring in the various ponds, and pH varied from 6.5-10.5 with no significant differences
between the ponds (P>0.05). Most of the time the dissolved oxygen was steady between 5–10
mg/L, although it ranged between 2–27 mg/L, and no significant differences were found between
the ponds (P>0.05). Over the seasons conductivity increased slightly, with significant differences
showing among the various ponds: 2001-2002, 2004-2005 (P<0.05). There were very low
ammonium concentrations (NH4) during the breeding phase, less that 1 mg/L in most cases,
except for Nahalit pond where it reached 10 mg/L.
In the various ponds turbidity maintained constant, varying between 0–150 NTU (nephelometric
turbidity units) during most of the hydro period time. Through all four years of the study, in all the
ponds, nitrite (NO2) concentration was very low, and varied between 0-1.25 mg/L. In conclusion,
Triturus larvae grew under a wide range of biotic and abiotic conditions and we found no strong
evidence that these variables might strongly influence Triturus. No variations were found in the
ecological parameters and the water quality at the larvae growth period, although variations were
found in the newt’s larvae growth period and the completion of metamorphosis, in the different
ponds.
Keywords: Triturus v. vittatus, breeding, larvae growth, biotic and abiotic conditions
18-D-11 (16:40)

Impact of land use change on land snail diversity in the Western Ghats
N. A. Aravind,1 and K. P. Rajashekhar2
1
Ashoka Trust for Research in Ecology and the Environment (ATREE), #659, 5th A Main,
Hebbal, Bangalore, 560 024, India
2
Department of Applied Zoology, Mangalore University, Mangalagangothri, Mangalore, 574 199,
India
Email: aravind@atree.org

66

Program & Abstracts
Land use change is projected to have the largest global impact on biodiversity and has already
resulted in the considerable loss of biodiversity. There are several studies which document the
response of flora and fauna to various types of land use changes. Here in this paper we report on
the impact on land snails of the Western Ghats. A total of 3181 individuals belonging to 73
species, 29 genera and 11 families were recorded. Shannon diversity, species richness and
abundance were higher in evergreen forest compared to other land use types. Species such as
Nicida sp (Diplommatinidae), Japonia sp (Cyclophoridae), Glessula sp (Subulinidae) occur in
very high densities compared to other species. High rainfall areas have higher Shannon diversity,
species richness, abundance and Simpson’s dominance index compared to very high rainfall
area. However, there is no statistically significant difference in land snail abundance. The Areca
plantation, haadi and evergreen in high rainfall area harbour more than twice the number of
individuals than found in very high rainfall area. Thus, increased amount of precipitation appears
to reduce snail fauna. Shannon diversity is high during early monsoon season but species
richness and abundance is higher during late monsoon except in Acacia plantation, where
species richness is slightly higher during early monsoon. However, there is no significant
difference between abundance in two seasons. The abundance of land snails is one and a half to
two times more during late monsoon season. The rank abundance curve for pooled samples
shows that in evergreen the community is dominated by very few species, which occur in very
high abundance. In evergreen of high rainfall area, one species (Nicida liricincta) dominates the
community, but in others, the species abundance distribution is fairly uniform. Rarefaction curve
shows that all habitats reach an asymptote at around 600 individuals. Land snails of high and
very high rainfall areas belong to 11 families. Of these, Ariophantidae and Subulinidae were
found to richly represented, with 28 and 18 species respectively. Six species dominate the land
snail community in all the four habitats. Collectively they contribute more than 60 per cent of the
land snail abundance. Evergreen and Areca plantation harbour high proportion of unique species
compared to acacia plantation and haadi. Morisita-Horn similarity index calculated for pooled
samples over rainfall regimes shows that the community composition is very different in areca
plantation compared to other land use types. Similar pattern was also observed between rainfall
regimes when considered separately. The difference in the size class distribution of land snails is
one of the measures of change in the community structure. The size class distribution of land
snails shows no difference in the number of species of micro and macro gastropods between
land use types. However, when the abundance of micro and macro gastropods considered; there
is significant difference between land use types.
Keywords: land snails, land use change, diversity, plantations
18-D-12 (17:00)

How do scarabs (Scarabaeinae: Coleoptera) surrogate the rest?
Priyadarsanan Dharma Rajan
Ashoka Trust for Research in Ecology and the Environment (ATREE) #659, 5th A main, Hebbal,
Bangalore - 560 024, India
Email: priyan@atree.org
In most parts of the Western Ghats stand simplification due to human use of forests is the rule
rather than exception. In Sringeri Taluk of central Western Ghats, [Karnataka, India] there is a
traditional practice of leaving small fragments of forests uncultivated near the farm lands, for the
purpose of green manure and fuel wood and are called Soppinabettas (foliage forests). Due to
over exploitation the diversity of these village forests are depleting very fast and are being
converted to less diverse scrub jungles. On the other hand, state forest policy led to the complete
replacement of “natural” or “degraded” forests with monocultural Acacia auricularis plantations
thus further simplifying the vegetational complexity. A study was conducted to see the impact of
this landuse change on litter insect communities taking dung beetles as surrogates. Four
predominant land-use pattern of these foliage forests were identified at Sringeri Taluk
(Karnataka) viz. Natural Forests, Soppinabettas (foliage forests), Degraded Scrub and Acacia
plantations. Using satellite imagery and GIS techniques, five sites containing each of these four
land-use types were identified. Two linear transects were marked in each transect and insects
were sampled by setting up a number of pitfall traps for three seasons. All dung beetles were
identified according to species and all other insects according to families and morpho-speceis.
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The dung beetle diversity is compared with the diversity of other insect taxa across the
treatments and seasons. The results show that the changes in the land use have a direct impact
on dung beetle diversity.
Keywords: stand simplification, landuse change, Scarabaeinae, Western Ghats
18-D-13 (17:20)

Biodiversity and ecosystem functioning using dung beetles as a model
group: does logging affect the rate of dung removal and seed dispersal?
Eleanor M. Slade1,5, Darren J. Mann2, Jerome F. Villanueva3, Arthur Y.C. Chung4,
Christopher H.C. Lyal5 & Owen T. Lewis1
1
Department of Zoology, University of Oxford, South Parks Road, Oxford, OX1 3PS, UK.
2
Hope Entomological Collections, Oxford University, Museum of Natural History, Oxford, OX1
3PW, UK.
3
Danum Valley Field Centre, P.O. Box 60282, 91112 Lahad Datu, Sabah, Malaysia.
4
Forest Research Centre, P.O. Box 1407, 90715 Sandakan, Sabah, Malaysia.
5
Department of Entomology, The Natural History Museum, Cromwell Road, London, SW7 5BD,
UK.
Email: eleanor.slade@zoology.oxford.ac.uk
Southeast Asia has the highest relative rate of deforestation of any major tropical region. Loss of
flora and fauna that provide critical ecosystem services, such as seed dispersal, nutrient
recycling, and pollination has important consequences for forest regeneration and the stability
and integrity of the forest ecosystem. Some conventional methods of timber extraction are highly
destructive. However, in many areas selective extraction of only the high-value timber species is
still very common. The prevalence of selective logging in the tropics and the potential importance
of it as a forest conservation measure, means that it is important that we understand its effects
on biodiversity and ecosystem functioning. Dung beetles were used as a model group to look at
the effects of functional group diversity, species diversity and species composition on the
ecosystem processes of dung removal and seed dispersal in high-intensity, selectively logged
and primary forest sites in Danum Valley, Sabah. Dung beetles play an important role in dung
decomposition, facilitating microbial action by breaking down, consuming and moving dung.
They are involved in the key ecosystem processes of nutrient recycling and secondary seed
dispersal, as well as the control of vertebrate parasites. Flight intercept traps and baited pitfalls
were used to assess the effects of the logging regimes on dung beetle richness, diversity and
assemblage composition. Corresponding effects on the ecosystem function of dung removal and
seed dispersal were studied using dung removal experiments. The results suggest that while
high-intensity logging reduces dung removal, selective logging did not affect removal relative to
the primary forest. Exclusion experiments were carried out to investigate the effects of different
dung beetle functional groups on ecosystem functioning. These experiments suggest that the
most important group in maintaining the ecosystem function of dung removal in these forests is
the large tunnellers. The implications of these results for the management of Sabah’s protected
and production forests will be further explored.
Keywords: biodiversity, ecosystem, removal, seed dispersal
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19 July 2006
Plenary Session 2
Venue: Meeting Room A, 3rd Floor
Chaired by:
• Dr Renee M Borges, Centre for Ecological Sciences, Indian Institute of Science

Keynote Speakers
08:30

Insects in complex communities: the past, present and future of insect
ecological studies in the tropics
R. L. Kitching
Centre for Innovative Conservation Strategies, Griffith University, Nathan, Qld 4111,
AUSTRALIA
Email: r.kitching@griffith.edu.au
Throughout most of the twentieth century insect ecology focussed on population studies. Indeed,
the seminal contributions of insect studies to the broader ecological enterprise was as classic
examples of population processes in action. This led naturally to applications in pest
management. The development of studies based in the tropics which flowered in the last two
decades of the 20th Century refocussed insect ecology on its beginnings: that is, on insects as
dominant life-forms within complex communities. So the focus changed to studies of diversity
and food-webs, of assemblages and trophic levels, away from mortality, natality, voltinism and
simple two- (or even three-) species interactions. The applications are in conservation and
ecosystem management rather than in the control of individual species numbers. I will examine
two fields of insect ecology at the community level: food-web studies and the diversity of tropical
rainforests. In both cases the progression over 30 years of work has been from pattern analysis
to the study of underlying processes. In both cases the emergence of an underlying theoretical
base has been slow. Yet, in both cases, there is logical and philosophical need for such a
theoretical base. In food-web studies this has emerged as a combination of bottom-up (that is:
population-based) and top-down (that is: ecosystem-based) sets of processes. The theoretical
background for diversity phenomena has been slower to emerge. The so-called neutral theory,
addressing diversity of plants in rainforests, has stimulated much speculation and analysis
leading, in January 2006, to the contrary proposal that there are deterministic processes at work
organizing plant assemblages in rainforests. The consequences of these developments for other
trophic levels - at which the insects operate - await resolution. The lecture will explore these
themes against current knowledge and data on insect assemblages, particularly in rainforest
canopies.

09:15

Bio-atmosphere hotspots and ecosystem trading
Andrew W. Mitchell
Global Canopy Programme,Zoology Department, University of Oxford, U. K.
Email: a.mitchell@globalcanopy.org
How can conservation realistically stand up to commercialism? Economics is in a crisis of values
in its relationship with the natural world. Biologists have largely failed to identify services that
biodiversity provides that are recognisable economically, nor adequately competed with the
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business or political realities in developing countries. Hence forest conversion proceeds apace,
the sixth extinction looms ahead and the effects of landscape change threaten environmental
security at local to global scales. What new opportunities lie before humanity, which can offer
hope? By linking ecosystem services that biodiversity provides, with carbon storage and climate
change, a possible solution may emerge. Even as species loss grabs the headlines, astonishing
numbers of new species are being discovered in forest canopies around the world. Whilst
taxonomists cheer, few others do, because little of value in commercial terms appears to be the
result. Yet new research suggests, interactions between the forest canopy, its biodiversity, and
the atmosphere are more complex than first recognised and may have unrecognised value.
Large forests and possibly biologically active parts of the oceans, may interact with the
atmosphere through the release of volatile organic compounds as well as through the exchange
of gasses, water vapour, and in addition to the storage or sequestration of carbon. In forests the
role of biodiversity in these mechanisms is poorly known, due in part to the lack of major canopy
access facilities across the tropics. A new proposed network of ‘whole forest observatories’ set in
the Biosphere-Atmosphere hotspots, backed by UNEP and by GEF, could provide a leap forward
in our knowledge of forest canopy interactions with the atmosphere and the potential benefits to
local livelihoods from access to forest canopy biodiversity and its ecosystem services. Better
quantification of these services both scientifically and economically opens up the possibility of
adding considerable value to proposed trading in carbon credits for avoided deforestation. Such
ecosystem trading offers a potential source of capital that could provide alternative land use
options in biodiversity rich developing nations leading to significant reductions in the rates of
forest conversion globally. Scientists must play a role in identifying the mechanisms underlying
the ecosystem services that will become tradable in the future and can also assist in moving the
dialogue forward.

Parallel sessions by venue

#5

Biological invasion in the tropics
Venue: Meeting Room A, 3rd Floor

Chaired by:
•
•

Dr Kaoru Kitajima, Department of Botany, University of Florida, USA
Dr Carol C. Horvitz, Biology Department, University of Miami, USA

19-A-1 (10:40)

Assessment of invasiveness: can we reach a consensus?
Alison M. Fox
Center for Aquatic and Invasive Plants, Agronomy Department, University of Florida, PO Box
110500, Gainesville, FL 32611-0500 USA
Email: amfox@ifas.ufl.edu
Long-term management of invasive plants relies upon the development of policies that reduce
the impact and spread of existing populations and prevent the introduction of additional harmful
species. While most purposefully introduced plants do not cause significant harm, 90% of the
non-native species that are altering native plant communities in Florida were introduced for
ornamental landscaping or agriculture. Because these industries will be affected by policies
related to invasive plants, they are active participants in policy development. Using examples
from areas that include tropical floras (e.g., Florida, Hawaii and Australia), the objective of this
presentation is to examine the role of ecological research in guiding the evolution of invasive
species policies, and in strengthening the consensus needed to support them. In the past,
undocumented expert opinion was used to identify harmful species that should be controlled and
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not planted. However, to establish consensus, decision-making needs to be more consistent,
transparent and objective. Thus, criteria-based tools have been developed, such as the
assessment protocols of the University of Florida and NatureServe. The challenge is to ensure
that such semi-quantitative, evidenced-based systems are also grounded on good ecological
science rather than just intuitive presumptions. Although some protocols for predicting future
invaders were developed using sophisticated statistical models, questions are being raised
about the scientific rigor of how these models were tested. This particularly influences the rate of
incorrectly rejecting known non-invaders (falsely predicted as invasive). If left unresolved, this
issue could reduce predictive credibility and weaken industry support for policies based on such
models. The current focus on rigorously testing and improving the tools that support policy
development provides opportunities for exciting research. It also promises a closer integration of
ecological research with policy development, especially through efforts to refine the general
ecological principles that identify likely impacts or characteristics of successful invaders.
Keywords: invasive species policies; assessment tools; predictive models
19-A-2 (11:00)

Management-research issues for invasions in the tropics: synthesis of
earlier discussion and proposed new directions
Carol C. Horvitz
Department of Biology, Universiry of Miami, PO Box 249118, Coral Gables, FL 33124
Email: carolhorvitz@miami.edu
I report on and follow up on a roundtable discussion on invasive plants in tropical and subtropical
habitats that took place as part of the IPINAMS-EMAPI7 meeting in Ft. Lauderdale, Florida on
November 4, 2003. Led by Julie Denslow and me, the discussion included about 30 participants
who had collective experience with invasives in Neotropical, Caribbean, South African, Namibian,
Hawaiian, Australian and Asian regions. Topics included such issues as (1) how researchers can
better meet managers’ needs in general and in the tropics in particular, (2) how researchers
across the globe in tropical and subtropical latitudes can find each other and seek more
meaningful collaborative global comparative studies in physiology and spatial population
dynamics, (3) clarification of issues, targets of protection, methods of control and identification of
habitats at risk including exploration of the paradigm (myth?) that the wet tropics are less
invasible due to high diversity, (4) identifying and explaining pairs of regions likely to “exchange”
species, (5) identification of target taxa for particular regions and (6) comparison of impacts of
particular invasive taxa across regions. Imperatives for the future are to find ways to increase
collaborative studies for comparing the demography, dispersal and effects of biotic enemies in
native and exotic ranges with special emphasis on comparing regions where particular species
are or are not invasive.
Keywords: exotic species, Management-research interface, biocontrol, mechanical control,
herbicide, comparative global studies, native and adventive ranges, invasibilty by region, taxa,
habitat, latitude
19-A-3 (11:20)

Impact of alien species on the native forest community of Mauritius:
lessons and implications for conservation management.
F. B. Vincent Florens1 and Claudia Baider2
1
Department of Biosciences, University of Mauritius
2
Mauritius Herbarium, MSIRI., Réduit, Mauritius
Email: V.Florens@uom.ac.mu
Mauritius is located within one of the world’s biodiversity hotspots. Its biota has a high degree
of endemism (eg. 45% of strict and 67% of Mascarenes endemic flowering plants) but also a
high rate of extinction: some 11% of the native plants, 34% of the land snails and 60% of the land
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birds are already extinct due mainly to habitat destruction. The island is recognized by the IUCN
as currently having one of the most threatened biota in the world, indeed less than 3% of the
original native vegetation remains. While habitat destruction has virtually stopped, threats to
native biodiversity are still intense and come largely from a variety of invasive alien species. We
quantified the current invasion level in five sites and invasion speed by alien plants in three areas
of native forest remnants and investigated responses among the native plant community. Some
impacts of selected invasive alien animal species, particularly feral pigs (Sus scrofa), rats (Rattus
spp.) and long-tailed macaques (Macaca fascicularis) on native plants were documented. The
findings have the potential to improve the effectiveness of current in-situ management practices
in Mauritius and reduce management costs. These should facilitate the much needed increase of
areas under alien species control, which currently concerns merely 2% of the remaining
mainland native vegetation, scattered in non-viable tiny pockets averaging 4.5 ha and varying
from 0.2 to 19 ha.
Keywords: invasive alien species; tropical forest; Mauritius; conservation management
19-A-4 (11:40)

Comparison of insect herbivore pressure among invasive, non-invasive
and native congeners and implication for the enemy release hypothesis
Hong Liu1,4 Peter Stiling1, Robert W. Pemberton2 and Jorge Pena3
1
Department of Biological Sciences, University of South Florida, 4202 East Fowler Ave., SCA
110, Tampa, Florida 33620-5200.
2
USDA, ARS, Invasive Plant Research Lab, 3225 College Ave, Fort Lauderdale, FL 33314.
3
Tropical Research and Education Center, Institute of Food and Agricultural Sciences,
University of Florida, 18905 SW 280 St, Homestead, FL 33031.
4
FLERC, C/O USDA, ARS Invasive Plant Research Lab, University of Florida, 3225 College Ave,
Fort Lauderdale, FL 33314, USA.
Email: hongliuf@ufl.edu
The enemy release hypothesis (ERH) has been frequently invoked to explain the naturalization
and spread of introduced species. This hypothesis states that introduced invasive species are
successful because they left their co-evolved natural enemies behind. One ramification of the
ERH is that invasive plants sustain less herbivore pressure than do the native species. Empirical
studies testing ERH have mostly involved two-way comparisons between invasive introduced
plants and their native counterparts in the invaded region. This approach also offers a measure
of the biotic resistance from herbivores. However, introduced plants, regardless of their
abundance or impact, may support a reduced insect herbivore fauna and experience less
damage simply because plants tend to loss their associated herbivores during the introduction,
and it takes time, on the ecological and / or evolutionary scale, for a new population to acquire its
herbivore fauna. In this study, we employed a three-way comparison, in which we compared
herbivore faunas and herbivore damage among native, introduced invasive, and introduced
non-invasive plants in the genus Eugenia in south Florida. Our working hypothesis is that the
introduced invasive plants experience greater relief from herbivore pressure than do the
introduced non-invasive plants. In our study system, E. axillaris and E. foetida are native to
evergreen hardwood forests of South Florida, whereas E. uniflora was introduced from South
America along with E. aggregate, E. brasiliensis, and E. lushnathiana at the end of the 1800s’. E.
uniflora is now found growing side by side with the native Eugenia species while the other
introduced Eugenia species remain in cultivation. We sampled wild populations of the native and
the invasive Eugenia, as well as cultivated individuals of all six studied Eugenia species for
quantifications of herbivore diversity and damage level for one year. We found that invasive
Eugenia did not experience release in terms of total number of herbivore species, but did in
terms of oligophagous and endophagous herbivores. In addition, introduced Eugenia, both
invasive and non-invasive, sustained less herbivore damage, especially damage by
oligophagous and endophagous insects, than native Eugenia. However, the difference in insect
damage between introduced invasive and introduced non-invasive Eugenia is very small. Overall,
the invasive Eugenia encountered greater or similar biotic resistance than the non-invasive
Eugenia and escape from herbivores is unlikely to account for the spread of invasive Eugenia
and escape from herbivores is therefore unlikely to account for the spread of invasive Eugenia.
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We would not have been able to draw this conclusion without inclusion of the non-invasive
Eugenia species in the study. We propose that future studies should compare invasive and
non-invasive plants by studying herbivore pressure in their native vs. introduced ranges. Such
work would require co-operation among ecologists from different countries and continents.
Keywords: biological invasion, biotic resistance, endophagous, enemy release hypothesis,
Eugenia, herbivore fauna, herbivory, introduced species, invasive species, non-invasive species,
oligophagous.
19-A-5 (12:00)

Increased competitive ability and herbivore susceptibility in the invasive
plant Sapium sebiferum
Jianwen Zou, William E. Rogers and Evan Siemann
Department of Ecology and Evolutionary Biology, Rice University 6100 Main Street, Houston,
Texas, 77005-1892, USA
Email: jwzou@rice.edu
The evolution of increased competitive ability (EICA) hypothesis predicts that release from
natural enemies in the introduced range favours exotic plants evolving to have greater
competitive ability and lower herbivore resistance than conspecifics from the native range. We
tested this prediction in a common garden pot experiment with Sapium sebiferum in which
seedlings from native (China) and invasive (US) populations were grown in all pairwise
combinations in the presence of natural herbivores from the native range of China. When paired
seedlings were from the same continent, shoot mass and leaf damage per seedling were
significantly greater for plants from invasive populations than those from native populations.
Despite more damage from herbivores, plants from invasive populations still outcompeted those
from native populations when they were grown together. Increased competitive ability and
herbivore susceptibility of invasive populations relative to native populations of Sapium when
they were grown in the native range support the EICA hypothesis.
Keywords: biological invasion, Chinese tallow tree, EICA , intraspecific competition
19-A-6 (14:30)

Functional basis for geographical variation in growth among invasive
species: the importance of comparing native versus non-native habitats
John C. Volin
Florida Atlantic University Department of Biological Sciences, 2912 College Ave., Davie, FL,
33314, USA
Email: jvolin@fau.edu
An elusive goal of invasive species ecology is to be able to explain and predict why some
species become invasive when introduced outside their native range and others do not. One
commonly used approach has been to compile lists of species known to be aggressive either in
their native or introduced range and seek commonalities in ecological traits among the invading
species. Unfortunately, this approach seldom produces useful predictions and provides little
insight into why certain species that are not ruderals in their native environment become invasive
when introduced to particular regions outside their native range. To address this long-standing
need for explanatory and predictive tools, numerous hypotheses have been proposed to explain
the success of invasive species in their new habitat and identify potential mechanisms for the
observed variation in habitat susceptibility to invasion. Many of these hypotheses, some dating
back more than a century, have recently undergone extensive review. They include the “natural
enemies,” “disturbance,” “species richness,” “empty niche,” “propagule pressure,” “evolution of
invasiveness” and “novel weapons” hypotheses. Surprisingly, the vast majority of invasive
species studies have only been conducted within the introduced range of the exotic, despite
widespread recognition that a biogeographical approach is necessary to adequately address
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many of these hypotheses. In this presentation, I will review studies that have used this
biogeographical approach, including a case study of Lygodium microphyllum, one of the worst
invasive exotic species in the natural ecosystems of Florida, USA.
Keywords: invasive species, naturalization, biogeography
19-A-7 (14:50)

Invasive exotic plants on Pacific Islands: patterns and prospects
Julie S. Denslow, James C. Space, Philip M. Thomas and M. C. Fandino
USDA Forest Service; USGA Biological Resources Division, 60 Nowelo St., Hilo, HI 96720, USA;
Phoenx, AZ, USA
Email: jdenslow@fs.fed.us
The vulnerability of tropical oceanic islands to invasive exotic species is well known. Sax et al.
(2002), for example, estimate that islands have twice as many exotic plant species as
comparably sized patches of mainland landscapes but approximately the same number of native
species. A number of factors have been proposed to account for this phenomenon, including
high habitat diversity; disharmonic floras; lack of adequate defenses against competitors, pests
and pathogens; high resource availability and moderate climates. Endemic island species with
small populations may be particularly threatened by exotic invasions. Island nations are also
limited in resources - human, financial, infrastructural, informational, and financial - with which to
combat exotic pests. In recognition of the need for information on exotic species in the Pacific
Islands, the US Forest Service in cooperation with the USGS-Biological Resource Division has
compiled an extensive database (Pacific Island Ecosystems at Risk) on the distribution,
identification, biology, and control of exotic species on tropical Pacific islands. Island-specific
information on exotic plant species has been compiled from ground surveys, herbarium records,
and published information. The database comprises information on 456 islands across the
Pacific and is accessible on line at www.hear.org/pier. We analyze data from 240 islands in 12
countries representing the most complete and reliable floras to examine the strength of common
predictors of species richness among exotic species. These include island and archipelago
land areas, distance from potential source pools, primary productivity, habitat heterogeneity (life
zones, topography, rainfall), vegetation cover, and a variety of human socioeconomic factors
such as population density and international trade volumes.
Keywords: Islands, invasive species, biogeography, Pacific
19-A-8 (15:10)

Physiological ecology of invasive exotic plants: how do they out-compete
natives?
Kaoru Kitajima
Department of Botany, University of Florida, 220 Bartram Hall, Gainesville, FL 32611, USA
Email: kitajima@botany.ufl.edu
For effective ecological management of invasive exotic species, it is necessary to have a clear
ecological understanding of competitiveness. Competitiveness is not a direct function of fast
growth rate or photosynthetic rates. A superior competitor not only invades a space already
occupied by individuals of other species, but it also holds onto the space it occupies. Early and
late successional habitats favor contrasting life history traits. In disturbed habitats, which typically
have high resource availability, competitiveness is enhanced by life history traits that enhance
dispersal, growth rates, early reproduction and high fecundity. Many notorious exotic invasive
plants belong to this category, and their competitive dominance depends upon anthropogenic
disturbance and lack of natural enemies. In contrast, in late successional communities where
resource availability is generally low, the ability to persist does not depend on fast growth rates,
but is a function of physical defense and storage to maintain a positive net carbon balance in the
long term. Species that employ this type of life history strategy are less conspicuous as invasive
exotics but there are examples, such as Ardisia crenata, an evergreen shade tolerant shrub that
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invades mesic forest understory in North Central Florida. Release from natural enemies is less
likely to be an important reason for the invasiveness of such inherently slow growing species.
Assessment of the habitat types where a given species is native vs. introduced may provide an
initial clue as to what is likely to be the most important basis of its invasiveness.
Keywords: competition, growth rates, habitat, invasive exotic plants, life history

19-A-9 (15:30)

Serious ecological disruption by Lantana camara - an exotic invasive from
tropical America in Indian forests
R.K. Kohli, H. P. Singh and D. R. Batish
Centre for Environment, Panjab University, Chandigarh 160 011, India
Email: rkkohli45@yahoo.com
India, one of the mega biodiversity centers has experienced enormous introductions and natural
invasion of many exotic plants. However, since last three decades, such invasions have
adversely affected her native vegetation and threatened the rich biodiversity. Multiple factors
such as increasing inter/intra continental links, import/export activities and climatic changes are
responsible for their fast spread. Perhaps because of climatic similarities and commercial
activities, many of the tropical American plants like Parthenium hysterophorus, Ageratum
conyzoides and Lantana camara have not only dominated their area of occurrence in India but
also dominated the native species, thereby disrupting the ecological operations. The proposed
presentation aims at targeting the ecological damage from Lantana camara, one of the top 10
worst weeds of the world. It has spread to almost every part of India, including forests of Shivalik
ranges of Northwestern Indian Himalayas where it has spread at the cost of native plants
including the grasses and trees. This is attributed to its fast growth rate, quick regenerative and
reproductive potential coupled with vegetative reproduction through underground suckers and
greater tolerance / adaptability. The mode, mechanism and dimensions of the damage it resulted
in, apart from the successful solution tried in managing it, is also proposed to be discussed.
Since this perennial shrub is problematic and exotic invasive in over 80 countries, concerted
efforts in managing it could be possible only through a network and global partnership on this
weed. This also needs to be discussed.
Keywords: exotics, Shiwalik range, Indian Himalayas, biodiversity, invasive, Lantana camara,
weed management
19-A-10 (15:50)

Comparison of the size-structure of populations of Melaleuca
quinquenervia in its native and parts of its introduced range with and
without biocontrol agents
Lucero Sevillano1, Paul D. Pratt2, Steven J. Franks2, and Carol C. Horvitz1
1
University of Miami, Dept. of Biology, 1301 Memorial Dr., Coral Gables, FL 33124.
2
Invasive Plant Research Lab, USDA/ARS, 3225 College Ave, Fort Lauderdale, FL 33314.
3
University of California, Dept. of Ecology and Evolutionary Biology, 321 Steinhaus Hall, Irvine,
CA 92697
Email: lucero_sevillano@bio.miami.edu
Biological control has been found to be an effective way to manage many invasive plants. To
demonstrate the effectiveness of a biocontrol agent it is necessary to quantify its effects on
growth, reproduction, and survival of plants, as well as to evaluate the consequences for
population growth and spread. The main goal of this study is to evaluate the impact of two
insects chosen as biocontrol agents, the leaf-feeding weevil Oxyops vitiosa and the sap-sucking
psyllid Boreioglycaspis melaleucae, on population growth and spread of the invasive tree
Melaleuca quinquenervia (Myrtaceae). As a first step in our population studies, we compare the
size-structure of M. quinquenervia populations in Australia (native range), where the natural
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herbivores consume the plants, to populations in Florida (exotic range) where the biocontrol
agents were introduced in 1997 and 2002, respectively. We also describe the size-structure of M.
quinquenervia populations in Puerto Rico and the Bahamas, two sites where the tree is exotic
and the biological control agents are absent. In Australia and Florida, we set up demographic
plots in 2003, and have conducted annual censuses. In Puerto Rico and the Bahamas, plots
were set up in 2005. In each plot, we tagged all the trees, and recorded the size (diameter at
breast height, dbh) and reproductive status. The size structure differs between Australia and the
exotic ranges. Australia populations are comprised mostly of adult trees between 12 and 30 cm
in dbh (mode = 16), but bigger individuals (up to 70 cm dbh) can be found. In contrast
populations in Florida, Puerto Rico and the Bahamas are mostly comprised of saplings and
young adults (1 to 40 cm dbh, mode = 3.2). The Bahamas have the smallest trees, followed by
Puerto Rico with a bigger range of young adult sizes and finally Florida, with most of their trees in
the young adult size but also some big adults. Populations are smaller in Florida and the
Caribbean. In addition to a description of size structure, we have some preliminary data on
dynamics. In Florida, two out of seven plots showed non-zero annual per capita recruitment while
in Australia we did not observe recruitment in any study plots. Overall the annual per capita
recruitment of M. quinquenervia is difficult to capture in the plots already established because its
populations commonly form more or less even-aged stands with only a few size classes
represented in each stand. Thus incorporating new seedling plots in the native and exotic ranges
will provide more precise information about per capita recruitment. Per capita mortality varies in
Florida from 4% to 57% (mode = 20%) and in Australia mortality is much lower, between 2% and
6%. Given that in Florida mortality is nonzero and recruitment is low, populations seem to be
declining. However, the incorporation of recruitment data within seedling plots will clarify this
point.
Keywords: invasive species, Melaleuca quinquenervia, biological control, insects, size-structure,
population dynamics, native and exotic range

19-A-11 (16:40)

Invasions of Cactaceae species in the tropics: causes and management
options
Marcel Rejmanek
Section of Evolution and Ecology, University of California, Davis CA 95616, USA
Email: mrejmanek@ucdavis.edu
The family Cactaceae, with about 90 genera and 1,800 species, is native in the New World. Only
one species was dispersed naturally, probably by birds, to Africa and some islands in the Indian
Ocean. However, over 60 species, half of them in the genus Opuntia have become naturalized in
many Old World countries. This is the first attempt to summarize information on naturalized
Cactaceae species in the tropics. At least 12 species have been reported as invasive from arid
and semi-arid tropical areas. As several Cactaceae species provide food for people and livestock,
and many are used as ornamentals and living fences, humans have been the major primary
dispersers. Many mammals and birds serve as important secondary dispersers. Vigorous
vegetative reproduction (e.g., from individual cladodes in Opuntia species) is common. Several
Opuntia species form dense impenetrable stands and represent obnoxious pests in protected
areas (e.g., Kruger National Park in South Africa, Queen Elizabeth National Park in Uganda). As
mechanical and/or herbicidal control of the majority of the invasive Cactaceae species is very
difficult, biological control, if feasible, is the only possible solution in many situations.
Keywords: Cactaceae, dispersal, invasive, naturalized, Opuntia
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19-A-12 (17:00)

Are species-rich tropical communities less invasible?
Qinfeng Guo and Dov Sax
U.S. Geological Survey, University of Georgia, Jamestown, ND, USA; Athens, GA, USA
Email: qguo@usgs.gov
The tropics include many types of communities that are generally complex and rich in
species. Yet historically few studies on bio-invasions have been conducted and currently there
is little consensus regarding invasibility in tropical communities. Here we review published
materials and new data. Preliminary observations show that tropical communities are invasible
but may be so at a lesser degree. Although tropical regions are relatively more stable in terms of
physical conditions and might (so far) have had less propagule pressure (and hence fewer
successful invasions), collective evidence demonstrates the great importance of native species
richness in resisting biotic invasions in the tropics. However, species richness apparently does
not work in isolation; it has to work with species mass abundance in either measuring or
determining habitat invasibility. A community’s ability to preclude species invasions may be
dependent upon a threshold level of both species richness and abundance, below which the
importance of species interactions is only a weak force. Although there are great challenges
ahead in studying tropical bio-invasions, comparisons among the major tropical regions and
vegetation types with each region in the future can provide new insights.
Keywords: comparisons within and among regions, diversity, invasibility, resistance, tropics
19-A-13 (17:20)

More nitrogen allocated to photosynthesis in eight populations of Buddleia
davidii than in five native species
Yulong Feng and Harald Auge
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, 88 Xuefu Road,
650223 Kunming, Yunnan Province, China
Email: fyl@xtbg.ac.cn
Buddleia davidii Franchchet (Loganiaceae), native to China, was first introduced to Britain as
ornamental plant in the 1890’s (Binggeli 1998). It can tolerate a wide range of climate and soil,
but prefers dry open disturbed sites such as bomb pits, mining towns, roadsides, streams,
abandoned areas, pastures, scree slopes, open woodlands, and forestry plantations (Binggeli
1998). B. davidii has very few pests (Brickell and Zuk 1996). The plant can quickly form
dense, shrubby, monocultures that can outcompete and inhibit reproduction of other vegetation,
displacing native species. As an invasive deciduous shrub, B. davidii has naturalized in Europe,
New Zealand, Australia and the United States (Binggeli 1998). In this study, ecophysiological
characteristics were contrasted among eight populations of B. davidii and five native woody
species (Berberis vulgaris, Cornus sanguinea, Sambucus nigra, Betula pendula and Crataegus
monogynus). The five native species occupy similar habitats with B. pendula, therefore they
compete with the invader directly in early stage of B. pendula invasion. The main purposes of this
study were (1) to test the hypothesis that B. davidii has higher resources capture ability (Pmax)
and utilization efficiency (PNUE, WUE, SLA, leaf construction cost (CC)) than native species; (2)
to detect the difference between the invader and native species in leaf nitrogen allocation to
photosynthesis, and its ecological significance; (3) to explore the ecophysiogical difference
among the eight populations of B. davidii, shedding light on how the invader realizes the traits
mentioned above.
The differences among the six studied species were significant in all variables measured in this
study except total leaf nitrogen content per area (NA) and CO2 compensation point, in which the
differences were not significant.
In summary, B. davidii allocated more leaf nitrogen to photosynthetic apparatus than the five
native species. This was the most important trait for invasiveness of the invader. Other traits
related to invasiveness in B. davidii, such as high resource capture ability (Pmax, Vcmax, CE and
Jmax) and utilization efficiency (PNUE, WUE, respiration efficiency, and so on), originate from its
nitrogen allocation characteristics. Compared to native species, the invader realized higher
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Pmax through allocating more nitrogen to photosynthesis and higher Gs. It was also due to the
nitrogen allocation traits that B. davidii avoided trade-off between PNUE and WUE.
Non-differences in all the physiological traits evaluated in this study were detected among the
eight populations of B. davidii from its introduced range, providing no evidence for rapid evolution
hypothesis.
Keywords: Buddleia davidii, invasiveness, leaf construction cost, light-saturated photosynthetic
rate, nitrogen allocation to photosynthesis, photosynthetic nitrogen utilization efficiency, trade-off,
water utilization efficiency.
19-A-14 (17:40)

Plant invasions in South Africa – temperate and tropical
Serban Proches, Wilfried Thuiller, John R.U. Wilson, David M. Richardson, Mathieu
Rouget and Lesley Henderson
Centre for Invasion Biology, Stellenbosch University, Stellenbosch
Laboratory for Alpine Ecology, CNRS, Joseph Fourier University, Grenoble
South African National Biodiversity Institute, Pretoria
Email: sproches@sun.ac.za
South Africa has a long history of plant invasions. The earliest introductions were made in the
temperate areas of the Cape, where the first European settlements were located. However,
recent introductions in the tropical and subtropical areas have caught up, and alien plant
invasion is now a major problem in all parts of the country. Here we present analyses on alien
plant distributions in South Africa in relation to climate, species attributes and human use.
Keywords: alien plants, climate, South Africa

#10

Forest Canopies – Life, Atmosphere and People: the environmental,
social and economic values of forest canopy biodiversity
Venue: Meeting Room B, 2nd Floor

Chaired by:
• Dr Andrew Mitchell, Global Canopy Programme, Zoology Department, University of
Oxford
• Dr Katherine Secoy, Global Canopy Programme, Zoology Department, University of
Oxford
19-B-1 (10:40)

Some perspectives on the forest canopy study in China
Min CAO
Xishuangbanna Tropical Botanical Garden, CAS, 88 Xuefu Road, Kunming, Yunnan 650223,
China
Email: caom@xtbg.ac.cn
Forests cover 18.2% of the total land area of China, ranging from temperate coniferous forest to
subtropical evergreen broad-leaved forest and tropical rain forest. Some research on the
transpiration rates and rainfall interception of forest canopy in China was conducted. However,
we know very little about the biodiversity patterns and function of forest canopy. A future national
plan on Chinese forest canopy study is in urgent need.
Keywords: national plan, forest canopy
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19-B-2 (11:00)

Biodiversity and pollination services in tropical forest canopies
R. L. Kitching, S. M. Boulter and K. Goodall
Centre for Innovative Conservation Strategies, Griffith University, Nathan, Qld 4111,
AUSTRALIA
Email: r.kitching@griffith.edu.au
Clearly the natural sustainability of any forest depends on effective pollination and consequent
reproductive events. In rainforests most canopy trees are pollinated through the activities of
animals, principally but by no means exclusively by insects. Pollination biologists traditionally
have focussed on the tight co-evolved associations between animal pollinators and plants: figs,
orchids, asclepiads, vertebrate-pollinated species and so forth. Detailed scientific studies of
pollination have accelerated since the time of Darwin yet in tropical forests we still have detailed
and reliable knowledge of a very small proportion of the flora. When we consider true canopy
species, difficulties of access have reduced this proportion even further. Our studies in the
rainforests of North Queensland began about eight years ago against this background of
profound ignorance. As community ecologists interested in ecosystem level processes and
management we took a ｀top-down｀ approach beginning with considerations of the whole
woody flora of the region. We have built a large data based culled from herbarium records and
local floras on both the phenology and morphology of flowering over the entire biota. Our
phenological results have appeared recently (J. Ecol. 94, 369-382, 2006) so we present here
only a sample of those results. We present also results on the size, structure and colouration of
flowers at the community wide level and compare these with data bases assembled for the
similarly sized floras of Xishuangbanna and Barra Colorado Island. Our work proceeded to
studies of the animal/canopy plant associations of selected species. Here we used the power of
the Cape Tribulation canopy crane to gain repeated and intimate access to the inflorescences of
eight species. We distinguish between the in-fauna - that is, animals that live within the flowering
inflorescence - and the ｀visitor fauna｀ - animals which visit the flower in search of rewards (or
in response to unrewarding lures). We anticipate that it is among the visitor fauna that we will find
effective agents of outcrossing. We present comparative results indicating that all species of
flower studied support a great diversity of both in-fauna and visitor fauna. Even when sampled at
the same time, however, these differ at a very coarse taxonomic level (and hence presumably at
the species level also). In our canopies Diptera, Coleoptera, Lepidoptera and Thysanoptera are
clearly functionally important as are some vertebrate visitors (notably honeyeaters and blossom
bats). Deducing that presence and even pollen attachment is evidence of pollinator status we
suggest is misleading. Our work moved down to detailed pollination studies of three species of
canopy tree: two species of Syzygium and an endemic pal, Normanbya normanbyi. Using
exclusion cages we have been able to narrow the likely pollinating agents. We have also carried
out pollen tube work, and genetic parenthood studies on some of these species. We will
represent selected results in this presentation. We make several tentative conclusions: we still
have only scratched the surface of understanding the ｀pollination landscape｀ of the forest on
a whole forest basis. In North Queensland rainforests, pollination associations are likely to be on
average more generalist than accepted wisdom has suggested. Of course this does NOT mean
that highly specific relationships do not exist - of course they do, but they may be the exceptions
rather than the rule when the whole flora is considered. Finally although we see on-going value
in the ready association of floral characteristics with particular pollinator sets - the ｀pollination
syndrome｀ idea - we suggest these should be regarded as appropriate for the generation of
initial hypotheses and not as unchanging dogma.
Keywords: pollination, generalists, rainforest, Australia
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19-B-3 (11:20)

Do dominant tree species drive the pollinator / disperser dynamics?:
Insights from long term phenology of forest canopies of India
M. Soubadra Devy and T. Ganesh
Ashoka Trust for Research in Ecology and the Environment, 659, 5th A main, Hebbal Bangalore,
560024
Email: soubadra@atree.org
In a world where biodiversity loss, degraded ecosystems and displaced communities are the
norm, understanding how natural forests function devoid of human impact is important from an
ecological as well as conservation point of view. The mid-elevation wet evergreen forests in the
southern Western Ghats are probably the only forest type that still has some large contiguous
forest. Here we present our work carried out for the 10 years in one such forest of Kalakad
Mundanthurai Tiger Reserve in the Agasthyamalai Range of southern Western Ghats. In the
early 1990 we initiated a series of studies on the ecology of the wet forests starting with
monitoring of tree phenology, pollinators, frugivores and the vegetation. Tree phenology of over
80 species has been recorded once a month for the last 14 years. Flowering and fruiting had
strong influence on pollinators and frugivores sometimes drastically varying between years. Here
we examine how flowering and fruiting phenology of the dominant and the minor species govern
the pollinator / disperser dynamics. Our initial results suggest that not all the dominant species
influence the pollinator/dynamics. Supra-annual flowering nature of many species adds to the
complexity to some of these processes.
Keywords: canopy, phenology, pollinators, dispersers, Western Ghats, India
19-B-4 (11:40)

The IBISCA Project: A new model for comprehensive assessments of
tropical forest
Bruno Corbara
LAPSCO-CNRS Université Blaise Pascal, 34 Avenue Carnot, Clermont-Ferrand, France
Email: corbara@srvpsy.univ-bpclermont.fr
The IBISCA Project: A new model for comprehensive assessments of tropical forest
Keywords: canopy, integrated programs, megadiversity
19-B-5 (12:00)

Scaling from leaves to ecosystems and individuals to communities
Nigel E. Stork, Michael Liddell, Peter Franks and Peter Grimbacher
Rainforest CRC, James Cook University, Cairns, Queensland, Australia
Email: nigel.stork@jcu.edu.au
One of the major challenges in ecology is to integrate data from different sources to scale up or
down from leaves to ecosystems or from individuals to communities. This is particularly important
in the context of climate change and as we try to down scale from global models of climate
change to regional systems or scale from leaves or individuals upwards. In this talk we will
describe some of the research that is being undertaken at the Australian canopy crane and
elsewhere to provide data and models that can be used to understand how biodiversity and
processes are related to abiotic factors such as climate and CO2 levels, and how these can be
scaled up.
Keywords: Forest canopies, biodiversity, climate
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19-B-6 (14:30)

Effects of canopy disturbance on the avifaunal community in the rain
forests of the Western Ghats, India: some preliminary findings.
R. Vivek and T. Ganesh
ATREE, 659,5th A Main Hebbal, Bangalore 560024, India
Email: tganesh@atree.org
Tropical rainforests are known for their high levels of biodiversity. Much of this is found above
ground up in the canopy of rainforest trees. Our ability to study canopy birds has been impeded
because of problems of access to this strata leading to a lack of any detailed and replicable
observations in the canopy. This study proposes to set up 30 platforms in an area of 50 sq km of
wet evergreen forests in the Kalakad - Mundunthurai Tiger Reserve in the Southern Western
Ghats, India. This is also one of the proposed sites for the Whole Forest Observatory. The area
has a varied matrix of habitat ranging from tea fields, secondary growth, selection felled and
primary old growth forests. These platforms will be spread across the disturbance gradient with
sufficient spatial coverage and replicates. Bird abundance and diversity will be monitored from
the canopy as well as from the ground. Sampling will be done through out the day at regular
intervals to determine the strata use by the birds. Resource abundance and micro-climatic
conditions will be correlated to bird abundance in the canopy. This study will reveal differences in
canopy structure due to disturbance and their consequent effects on bird community structure
and diversity. Here we present preliminary results from limited initial sampling done during March
- May 2006.
Keywords: canopy, birds, platforms, Western Ghats, India

19-B-7 (14:50)

Annual variation in carbon flux and relationships between carbon flux and
impact factors in a tropical seasonal rain forest
Zhang Yiping1, Sha Li Qing1, Yu Guirui2, Song Qinghai1，3 and Tang Jianwei1
1
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Kunming 650223
2
Institute of Geographic Sciences and National Resources Research, Chinese Academy of
Sciences, Beijing 100101
3
The Graduate School of the Chinese Academy of Sciences, Beijing 100039
Email: yipingzh@xtbg.ac.cn
Two years eddy covariance measurements of above- and below-canopy carbon fluxes and the
static opaque chamber and gas chromatography technique measurements of soil respiration for
three treatments (bare soil, soil+litterfall, soil+litterfall+seedling) were carried out in a tropical
seasonal rain forest. In addition, data of photosynthesis of dominated tree species and shrubs,
leaf area index, litter production and its decomposing speed, precipitation, soil moisture, soil
temperature and photosynthetic photon flux density within the forest were all measured at the
same time. Data from January 2003 to December 2004 are used to present annual variability of
carbon flux and relationship between carbon flux and impact factors. The results showed that,
carbon flux of this forest was smaller and annual variability was not great, however, it presented
specific tendency of annual variation, which showed that above-canopy carbon fluxes were
negative in dry season (November-April) and that the forest is a carbon sink; while above-canopy
carbon fluxes were mainly positive in rainy season (May-October), and the forest is a weak
carbon source. Carbon flux of this forest presented an opposite annual dynamic tendency
compared to other forest ecosystems. Carbon flux has obviously diurnal variations in this tropical
seasonal rain forest. Above-canopy carbon fluxes were negative in the daytime and absolute
values were higher, which presented carbon sink effect; while in the nighttime, carbon fluxes
were mainly positive and it presented effects of carbon source; moreover, carbon fluxes were
greater in the fore-midnight of the fog-cool and dry-hot season. Below-canopy carbon fluxes
were mostly positive in every season and they were greater in the daytime, which showed that
CO2 was transferred upwards in the forest, and it presented more significant in the rain season
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than that in the dry season. Dominated tree species have greater photosynthesis capability,
which have a great effect on above-canopy carbon flux. There existed the significant correlation
relationship between above-canopy carbon flux and rate of photosynthesis of tree species.
There also exhibited the significant correlation relationship between above-canopy carbon flux
and rate of photosynthesis of shrub; however, it only did in the dry-hot season that the significant
correlation relationship between the ground carbon flux and rate of photosynthesis of shrub was
in existence. Soil respiration of three treatments possessed markedly seasonal dynamic; in
addition, above- and below-canopy carbon fluxes all have good correlation relationship with soil
respiration, also did with litterfall production, litterfall decomposing rate, precipitation, and soil
moisture and temperature. This research showed that carbon flux was impacted by many factors
in this forest. Unique climate, soil environment, and mutual actions between these two factors
and plant physiological actives are all the factors to impact annual variation of carbon flux in
tropical seasonal rain forest. A primary statistical result of this study showed that above-canopy
carbon flux in this forest presented carbon source or sink effects in different seasons, and it is a
carbon sink at the scale of a year.
Keywords: carbon flux, annual variation, impact factors, tropical seasonal rain forest,
Xishuangbanna

19-B-8 (15:10)

Carbon fluxes and the future functioning of forest canopies
John Grace
CarboEurope; Global Canopy Programme; Centre for Terrestrial Carbon Dynamics, School of
GeoSciences, University of Edinburgh, Edinburgh EH9 3JN, UK
Email: jgrace@ed.ac.uk
Forest canopies are of paramount importance in the global carbon and hydrological cycles. They
exert controlling influences on the climate in several ways: through exchanges of greenhouse
gases with the atmosphere, by acting as a carbon sink, by cooling and humidifying the air, by
altering the albedo of the land surface, and by producing aerosols which may form
cloud-condensation nuclei. Current research is focussing on the feedbacks between canopies
and the atmosphere, and the parameterisation of global models which will allow us to estimate
the impact of afforestation and deforestation with greater certainty than before. In this talk an
overview is presented of the progress, and regional research priorities are defined. An estimate
will be made of the impact of climate change on the future of the forest biomes.
Keywords: climate change, carbon sink, land surface cover

19-B-9 (15:30)

An evaluation of canopy tourism in Costa Rica
Markus Seibel
Humboldt-University of Berlin, Geographic Institute, Rudower Chaussee 16, 12489 Berlin
Email: markus-seibel@web.de
Rainforest canopy tourism takes place at the “last biotic frontier” of this planet. Presumably the
ecosystem with the highest biodiversity on earth, the rainforest canopy is seriously threatened by
deforestation. Canopy tourism can be seen as an approach to provide a sustainable economic
alternative to resource depletion and thus contribute to the conservation of endangered forest
areas. It was the goal of this study to describe the development, current situation and future
perspectives of canopy tourism in Costa Rica, verify the basic assumption of the study, and
develop recommendations for best practice guidelines for sustainable canopy tourism. The
results of this study illustrate that canopy tourism can function as an approach to sustain
endangered forest areas. The presentation of the results will show that in Costa Rica this is
reached by emphasizing the economic value of ecotourism relative to the value of cutting down
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the forest. The rainforest thereby very much becomes a scenic backdrop for a kind of tourism,
which focuses more on thrill and adventure than on nature experience. In order to use canopy
tourism as a tool for conservation in an ecotouristic sense, the rainforest has to be the main
focus. The ecosystem and its canopy must be emphasized as a whole, canopy tourism merely
being the vehicle, which makes this experience possible.
Keywords: canopy tourism, sustainable forest use

19-B-10 (15:50)

Toward the sustainable use of canopy biodiversity for forest conservation
and poverty reduction - lessons learned from Chiapas, Mexico.
Jan H.D. Wolf1,2, Paul Romeijn2 and Hans F.M. Vester2,3
1
Universiteit van Amsterdam, Institute for Biodiversity and Ecosystem Dynamics (IBED), P.O.
Box 94062, 1090 GB Amsterdam, The Netherlands
2
Stichting Het Kronendak, Postbus 424, 6700 AK Wageningen, The Netherlands
3
El Colegio de la Frontera Sur, Apartado Postal 424, CP 77000, Chetumal, Quintana Roo,
Mexico
Email: wolf@science.uva.nl
It is widely accepted that biodiversity loss and poverty are linked problems and that conservation
and poverty reduction should be tackled together. Accordingly, the Convention on Biological
Diversity (CBD) adopted in 2000 what is known as the ‘ecosystem approach’. This approach
aims at reaching a balance between the three objectives of the Convention: conservation,
sustainable use, and the fair and equitable sharing of the benefits arising from the use of natural
resources. Here, we advocate to exploit the potential of the canopy for this purpose as a source
of non-timber forest products, a concept known as “canopy farming”? Medicinal plants, fruits,
nuts, honey, bryophytes, lichens and vascular epiphytes such as ferns, orchids and bromeliads
are just some of the potential products in the canopy. To be successful, the exploitation has to be
sustainable in terms of yield, profit, the ecological interactions within the forest and the impact on
society. As an example, we ask if the exploitation of ornamental bromeliads in the highlands of
Chiapas, Mexico, may help preserve the characteristic pine-oak forests that are currently
disappearing at an annual rate of approximately 2%. Continuously monitoring should always
take place and include species that directly or indirectly interact with the harvested species. For
low-density bromeliad species, by far the majority, cultivation is the only option if these species
are to be exploited in a sustainable manner. Social sustainability implies that any activity should
consider the customs and cultural identity of the rural population and be in agreement with the
organisational and judicial framework, among others. Taking into consideration the local situation,
schoolchildren, women and men in the community were informed of the purpose of the
‘bromeliad project’ separately, as part of a participative approach. After in-depth discussions, a
management plan for the sustainable harvesting of Tillandsia vicentina was agreed upon.
Agreements were also made about the equitable sharing of the revenues in the community and
how to foster the conservation of the communal forest. In the end, the project failed, however,
because the owners of the land, i.e. not the members of the community, unexpectedly raised
unspecified objections to the project. Sometimes you just ‘can’t win them all’; a testimony of the
intricacy of the ecosystem approach.
Keywords: bromeliads, canopy farming, Convention on Biological Diversity, ecosystem
approach.
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Indochina to Australasia: a grand biogeographic experiment
Venue: Meeting Room C, 2nd Floor

Chaired by:
• Dr Chuck Cannon, Department of Biology, Texas Tech University
19-C-1 (10:40)

Geographical distribution patterns in the Western Ghats: A cross taxa
comparison
N. A. Aravind and T. Ganesh
Ashoka Trust for Research in Ecology and the Environment (ATREE), #659 5th A Main, Hebbal,
Bangalore-560024, India
Email: aravind@atree.org
The physical environment in which an organism lives determines the distribution of organisms.
However, this physical environment is not evenly distributed thus creating uneven distribution.
Understanding species’ distribution, diversity and endemism patterns is crucial for efficient
conservation planning. Several studies over a decade assessed species diversity, endemism
and distribution patterns of several taxa such as birds, amphibians, fishes, land snails, aquatic
insects, odonates and endemic plants in the Western Ghats, one of the global biodiversity
hotspot in India. Here we assess the latitudinal gradient in the species diversity and endemism
for seven taxa based on our study and published literature. Result shows that there is a
south-north gradient in species richness and endemism with the richness decreasing towards
the north, possibly due to high rainfall, shorter dry periods and climatic variability in the southern
Western Ghats. Among the seven taxa, highest levels of endemicity is found in land snails with
76% followed by amphibians with 75% and birds showing a low level of endemism with 3%.
Southern Western Ghats (8-120 N) is richest for land snails, odonates, endemic plants, birds and
fishes and whereas central Western Ghats is richest for amphibians and aquatic insects. Our
studies as well as others show that low altitude (＜800m ASL) is richest for aquatic insects,
amphibians and land snails. These results are discussed in terms of present climate and habitats
and in terms of environmental history. We also correlated numbers of current protected areas in
the three zones viz., south, central and north Western Ghats with the diversity and endemism of
all seven taxa studied.
Keywords: geographical distribution, Western Ghats, endemism
19-C-2 (11:00)

Padawan limestone orchids: species diversity, new records, rare and
endemism
Rusea Go, S.N. Phoon, Y.L. Lim, A. Julaihi, S. Runi, C. H. Tang and U. Joanes
Biology Department, Faculty of Science, Universiti Putra Malaysia
Email: rusea@fsas.upm.edu.my
The limestone hills in Padawan, Sarawak (part of Malaysian Borneo) are part of the limestone
formation known as Padawan Formation, formed in the era of Upper Jurassic to Upper
Cretaceous (about 195—135 million years ago). The diversity of limestone vegetation is very
high and is well known for its richness of rare and endemic orchids. Nine limestone hills and two
rivers in the northern part of Padawan Formation have been botanized in this study. A total of
148 taxa in 47 genera from 3 subfamilies of orchids were recorded, from which 43 taxa and 10
genera are new records for Padawan. Bulbophyllum reticulatum, Cleisostoma discolor,
Dendrobium truncatum, Dossinia marmorata, and Paphiopedilum stonei, are recognized as
endemic to limestone; whilst Bulbophyllum reticulatum and Paphiopedilum stonei are endemic
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species to Sarawak. This study is an on going effort to conserve this magnificent vegetation from
further quarrying concessions and destructions as well as agriculture activities.
Keywords: limestone orchids, diversity, new records, rare, endemism
19-C-3 (11:20)

Biogeographic transition between the biota of Indochina and Indomalaysia
David S. Woodruff and Leslie M. Turner
Ecology, Behavior & Evolution Section, University of California San Diego, La Jolla, CA
92093-1006 U.S.A.
Email: dwoodruf@ucsd.edu
The biogeographic transition between the Indochinese and Sundaic (Indomalay) biotas lies
today on the Thai–Malay Peninsula. In 1876 Alfred Russel Wallace recognized a major faunal
transition in Thailand and put the boundary in the Tenasserim Range at the northern end of the
peninsula. The corresponding phytogeographic transition separates Good’s Continental SE
Asiatic Floristic Province and the Malayan Floristic Province of the Indo-Malayan Subkingdom.
Many botanists follow Good and place the transition at the Kangar–Pattani line near the
Thai–Malay border where van Steenis found the southern limits of 200 Indochinese genera and
the northern limits of 375 Sundaic genera. If real, such a generic turnover is greater than that
associated with Wallace’s Line. Other botanists place more importance on the transition between
seasonal evergreen and mixed moist deciduous forests that occurs near the Isthmus of Kra, 500
km further north. My recent review of 544 resident forest-associated bird species showed that
the northern or southern range limits of 152 species lie just north of the Isthmus of Kra, between
o
o
11 and 13 N latitude. Half of the forest bird species present between these latitudes have range
limits in this area, associated with the northern phytogeographic transition. The transitions in
other groups of animals are known to occur but still await documentation. In this paper I will
present a preliminary analysis of the mammalian transition. I will report on the 183 northern and
southern range limits exhibited by diverse mammals along a latitudinal transect from 1o-20o N.
There were 128-185 species / subspecies (including 41-76 bats) per degree of latitude along this
transect extending from northern Thailand to Singapore and the distribution of their range limits
is different from that found in the birds. The existence of these biogeographic transitions begs the
question of what barrier(s) to gene flow permitted the Indochinese and Sundaic biotas to diverge
from one another? This question has yet to be answered and I shall briefly review my own
hypothesis that Miocene and Pliocene trans-peninsular seaways played a key role in isolating
the biotas and causing their divergence. Phylogeographic analyses of selected northern and
southern species-pairs can now be used to test these and other hypotheses and resolve the
history of this significant and little studied transition.
Keywords: mammal zoogeography, species range limits, phytogeography, Isthmus of Kra
19-C-4 (11:40)

Spatial and seasonal dynamics of a lepidopteran herbivore community in
peninsular Thailand
David J. Lohman1,4, Stuart J. Davies2, Sarayudh Bunyavejchewin3 and Naomi E. Pierce1
1
Department of Organismic & Evolutionary Biology, Harvard University, Cambridge, MA, USA;
2
Center for Tropical Forest Science, Balboa, Ancón, Panama;
3
Silvicultural Research Division, Department of National Parks, Wildlife and Plant Conservation,
Chatuchak, Bangkok 10900, Thailand
4
Department of Biological Sciences, National University of Singapore, Singapore 117543
Email: dlohman@oeb.harvard.edu
The world-wide network of forest dynamics plots (FDPs) managed by the Center for Tropical
Forest Science (CTFS) provides an unparalleled opportunity to study the effects of tree diversity
and spatial organization on the ecology of plant consumers. We report on the first 14 months of a
project in the Khao Chong FDP in Trang, Thailand, which has a 3-4 month dry season. Using the
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spatially explicit vegetation dataset of the FDP, we selected 15 isolated and 15 aggregated
individuals from each of 4 tree species to examine the effects of conspecific host plant density on
the intensity of herbivory and the diversity of lepidopteran (moth and butterfly) herbivores on a
particular host species. This targeted sampling approach was supplemented by a different
rearing scheme in which all lepidopteran herbivores within two small but diverse sub-plots were
reared and identified to assess the host breadth of Lepidoptera at our site. Standard methods of
insect sampling at both canopy and understory levels, including butterfly fruit traps, transects,
and UV moth traps, allow us to assess the effectiveness of our rearing and to describe the
seasonality and spatial (canopy-understory) distribution of adult Lepidoptera.
Keywords: herbivory, Lepidoptera, plant-insect interactions, trophic ecology, South East Asia,
spatial ecology
19-C-5 (12:00)

Cryptic biodiversity in the tropical fern Diplazium in Java: Are diploids
already extinct?
Dedy Darnaedi and Titien Ng. Praptosuwiryo
Research Center for Biology, Indonesian Institute of Sciences, Jalan Juanda 18, Bogor,
Indonesia
Email: darnaedi@yahoo.com
Highly diverse tropical region plays an important role in the global distribution of some
wide-ranging species. Indonesia is one of the mega-diversity countries, second after Brazil, with
high levels of endemism. Our understanding of Indonesian biodiversity is still fragmentary. Ferns
are one of the diverse plant group wildly distributed in Indonesia playing an important role in their
ecosystem, but they are still poorly understood biologically. It has been speculated for a long
time that some temperate races of ferns species are derived from tropical races, through
hybridization and secondary speciation. It is presumed that most of those tropical races are
diploid. Some studies on fern species have demonstrated relationships between tropical and
temperate. Diploid races were found in tropical region and the polyploidy relatives in temperate
region. So far, diploid races of those species have never been reported to occur in temperate
region. How much polyploidy occur in the tropic is still unclear. We have conducted intensive
cytological studies on different populations of ferns in the genus Diplazium in tropical Java, for
more than four years. We have demonstrated that in some species polyploidy ranges from
diploid to octoploid, but in other species we only found one ploidy level. In some species,
different plody level individual grow side-by-side, and in others they grow in different places.
Polyploid races were usually discovered at higher elevation, distributed in temperate-like
conditions. Morphological characters and anatomical variation, including spore size and spore
ornamentation, will be presented to highlight the relationship among the species. In the species
where no diploid race were found we suggest that the diploid have already gone extinct in the
wild. Further study of plants throughout their global range, using molecular analysis, is proposed
to evaluate genetic variation, species relationship, adaptation to new environment, and cause of
ploidy (autopolyploid, allopolyploid or hybridization).
Keywords: Diplazium, diploid, polyploid
19-C-6 (12.20)

The flora of Xishuangbanna, Yunnan, and its biogeographical affinities
H. Zhu
Xishuangbanna Tropical Botanical Garden, The Chinese Academy of Sciences, 88 Xuefu Road,
Kunming City, Yunnan 650223
Email: zhuh@xtbg.ac.cn
The flora of Xishuangbanna, southern Yunnan, China, comprises 3336 species of native seed
plants belonging to 1140 genera and 197 families. Tropical genera contribute about 83.5% to the
total flora of Xishuangbanna, of which the dominant elements are from tropical Asia. The flora
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of Xishuangbanna is similar in composition to the floras of southwestern and southeastern
Yunnan, especially in families with the most species. Eighty three percent of the families in
southern Yunnan and more than 74% of the genera are the same, but only 43.2%-50.7% of the
species are the same. Comparison with Thailand and peninsula Malaysia reveals that most of
the dominant families in southern Yunnan are also dominant in those two countries; more than
80% of the families and more than 64% of the genera in southern Yunnan, peninsula Malaysia
and Thailand are the same, indicating that these areas are part of a single floristic unit, the
Indo-Malaysia floristic subkingdom of the Paleotropical kingdom, as suggested by Takhtajan
(1978), or the Malaysia subkingdom of the Paleotropical kingdom as suggested by Wu & Wu
(1996). Because of its location on the northern margin of tropical Asia, the flora of southern
Yunnan comprises fewer tropical elements than are found in the Indo-Malaysian flora.
Keywords: flora, southern Yunnan, floristic composition, biogeographical affinity
19-C-7 (14:30)

The geography of diversification in a Crematogaster Species Complex in
Southeast Asia: insights into the history of Sundaland rain forests
S-P. Quek, S. J. Davies, P. S. Ashton, T. Itino and N. E. Pierce
Smithsonian Tropical Research Institute, Unit 0948, APO AA 34002-0948
Email: daviess@si.edu
We investigate the geographic and historical context of diversification in a complex of mutualistic
ant species in the genus Crematogaster. Because of their exclusive association with rain forests,
their biogeographic and evolutionary history might illuminate some of the history of the Sunda
shelf rain forests they inhabit. Despite their importance as one of the few centers of distribution of
rain forests worldwide, the Asian tropics have been the focus of relatively few studies on
phylogeography and biogeography. In this study we investigate the phylogeography of
Crematogaster to identify areas that might have been refugia or centers of diversification, identify
past demographic expansions, and reconstruct the approximate time frame for the ants'
diversification. Results are discussed in the context of the history of the Sunda shelf rain forests
Keywords: Crematogaster, phylogeography, biogeography
19-C-8 (14:50)

Climate change over Southeast Asia through the Quaternary Period
Andrew Bush
University of Alberta, 1-26 Earth Sciences Bldg, Edmonton, Alberta, CANADA
Email: andrew.bush@ualberta.ca
There are many factors that contribute to historical climate change during the Quaternary Period
over Southeast Asia. Regulated by factors such as the Earth's orbital parameters and sea level
change, these cycles range from decadal fluctuations related to ENSO to the glacial periods of
the Quaternary Period. During much of that time, the Indonesian archipelago was strongly
connected geographically to the mainland and the shallow inland sea currently present was
much smaller. Repeated exposure and inundation of this Sunda shelf is likely to have had a
profound impact on the evolution of regional flora and fauna. Using a coupled
atmosphere-ocean-ice general circulation model configured for the Last Glacial Maximum,
paleoclimate simulations compared and contrasted changes in the monsoon, interannual
variability, and the regional climate of Southeast Asia through a glacial cycle. Tests for sensitivity
to the exposure of the Sunda Shelf through eustatic sea level change are also presented. We
show that low sea level during a glaciation is conducive to a broad band of high precipitation over
the exposed Shelf, with temperatures slightly lower than today. Such conditions would be
conducive to rainforest growth that would later become fragmented upon deglaciation and
flooding of the Sunda Shelf.
Keywords: climate change, Quaternary
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19-C-9 (15:10)

Using a model tree group to study SE Asian historical biogeography
C.H. Cannon, S.H. Oh, A.G.B. Bush, J.R. Harting, and P.S. Manos
Texas Tech University, Lubbock TX USA
Email: chuck.cannon@ttu.edu
The forests of SE Asia possess two major centers of biodiversity: Indochina and Sundaland.
Geological reconstructions indicate that the two areas were largely a single landmass until
roughly seven million years ago. During the Quaternary Period, connectivity between both
Indochina-Sundaland and among island landmasses has changed cyclically with global climate.
Currently, we are at a minimum of land area and maximum fragmentation across the archipelago.
Genetic, taxonomic, ecological and morphological data gathered across the region for numerous
species and individuals of the stone oaks (Lithocarpus) are examined against this biogeographic
setting.
Keywords: Lithocarpus, phylogeography, chloroplast, reconstruction
19-C-10 (15:30)

Simulating Malesian biogeography: Lineage evolution in a changing
archipelago
Campbell O. Webb1 and Michael J. Donoghue2
1
Arnold Arboretum of Harvard University, Kotak Pos 223, Bogor 16002, Indonesia
2
Dept. of EEB, Yale University, P. O. Box 208106, New Haven, CT 06520-8106, USA
Email: cwebb@oeb.harvard.edu
Most reconstruction methods in historical biogeography use only organism phylogenies and the
spatial conformation of the contemporary landscape. However, as geological models of
landscape evolution become more reliable, incorporating information about historical landscapes
into biogeographic reconstruction should offer greatly improved insights into the probable
movement of lineages through space-time. A simulation model was developed that tracks spatial
range of the ancestral taxa of a dated phylogeny and enforces lineage-splitting events at the
specified times. Dispersal, vicariance and extinction are simulated in the changing landscape,
according to parameters that are influenced by area size and inter-area distance. The root of the
lineage begins in a randomly chosen area, with a randomly assigned range, and only iterations in
which lineages pass through fossil space-time points, and reach the present in the observed
spatial conformation are retained. While most iterations fail, the few that are retained shape a
probability distribution for the space-time route of ancestral lineages to the present. Robert Hall
and colleagues’ detailed models of the geological assembly of the Malesian archipelago offer
an excellent base for applying such a probabilistic model. Several taxon groups with relatively
well-sampled phylogenies were used as the evolving lineages in this spatial context. The most
probable areas-of-origin and direction of dispersal for each group will be presented and
compared, and the sensitivity of these results to parameter variation will be discussed.
Keywords: computer simulation, vicariance, dispersal, New Guinea, Gondwana
19-C-11 (15:50)

Competition for space between coral colonies at Heron Island, Australia
David B. Greenberg, Joseph H. Connell and Alexander M. Kerr
University of California - Santa Barbara, California USA;
Walailak University, Nakhonsithammarat, Thailand;
University of Guam, UOG Station Mangilao, GU 96923
Email: greenber@lifesci.ucsb.edu
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Competition for space on the sea floor, both within and between species, is one factor that may
govern the abundance and species diversity of reef corals. Corals compete for space via
overgrowth and overtopping, as well as via physical and chemical attacks between neighboring
colonies. We have studied the extent to which competition via direct attack occurs between coral
colonies at Heron Island, Great Barrier Reef, Australia, using census data collected from fixed
square meter plots at regular intervals since 1963. Attacks between coral colonies occur along
neighboring portions of their perimeters, where each colony's polyps can physically reach each
other. Competition for space should then constrain survivorship and growth along these
closely-neighboring perimeters more than along other regions further from neighbors. We tested
this hypothesis using maps drawn from photographs which show the perimeters of all colonies
within each plot for each census year. The maps allow us to track changes in size and position of
individual colonies as a function of their proximity to other colonies. We regard parts of colony
perimeters relatively far from neighbors as controls for neighbored portions, and we analyze the
extent to which this "neighbor effect" varies along colony borders. Under competition,
survivorship and growth at different points along a colony border should be correlated with
distance to a neighboring colony. For each colony in each census year, our analyses involve: a)
modeling the polyps on its perimeter as a series of evenly-spaced points, b) computing each
modeled polyp's distance from the nearest modeled polyp on the perimeter of the nearest
neighboring colony, and then c) measuring polyp survival and colony growth at that point to the
next census. Preliminary results show no effect of competition; however, the initial analyses were
not extremely sensitive and we are refining them.
Keywords: competition, coral reefs, community ecology

#19

Contributed Symposium: Management of Human Influenced
Tropical Ecosystems
Venue: Meeting Room D, 2nd Floor

Chaired by:
• Dr Julieta Benitez-Malvido, Centro de Investigaciones en Ecosistemas, UNAM
• Dr Ida M. Y. Yu, Department of Ecology & Biodiversity, University of Hong Kong
19-D-1 (10:40)

Climate change-driven forest fires marginalize the impact of ice cap
wasting on Kilimanjaro
Andreas Hemp
Andreas Hemp, Department of Plant Physiology, University of Bayreuth, Germany
Email: andreas.hemp@uni-bayreuth.de
The vanishing glaciers of Kilimanjaro attract broad interest. Less conspicuous but ecologically far
more significant is the associated increase of frequency and intensity of fires on the slopes of
Kilimanjaro, which lead to a downward shift of the upper forest line by several hundred meters as
a result of a drier (warmer) climate since the last century. In contrast to common belief, global
warming does not necessarily cause upward migration of plants and animals. On Kilimanjaro the
opposite trend is under way, with consequences more harmful than those due to the loss of the
showy ice cap of Africa’s highest mountain.
Keywords: tropical montane forest, vegetation zones, East Africa
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19-D-2 (11:00)

Influence of edge exposure on forest structure in Cozumel Island, México
L. Barillas-Gomez and J. Benitez-Malvido
Centro de Investigaciones en Ecosistemas, UNAM, Antigua Carretera a Patzcuaro No.8701,
Ex-Hda. de San Jose de la Huerta, Morelia, Michoacan, Mexico CP 58190
Email: anabarillas@yahoo.com.mx
Habitat loss and fragmentation are the most important threats for the maintenance of biodiversity
in all terrestrial ecosystems. One of the consequences of fragmentation (deforestation, road
creation, etc.) is the creation of “forest edges” where the original vegetation is exposed to a
hostile environment. Forest edges are the most altered zone of a fragment, and edge effects can
propagate several hundred meters into the remaining forest. Forest structure and plant
composition could are affected by edge creation, being these changes more drastic at the
corners of rectangular fragments, because edge effects are additive. In this project we evaluate
edge effects as a consequence of road creation on tree species structure and composition in
Cozumel, Mexico. The study area is located within tropical subdeciduous forest that covers
2
310.52 km . Unpaved roads have been built within the study area. These roads are arranged in a
grid similar to a fish bone. The creation of roads with such shape exposed the vegetation to one
(linear edge) or two edges (corner, angular edge). In each of six (500 m x 600 m) sites, we
counted the number of stems (> 1 cm dbh) at three distance categories (0-10, 25-50 and
100-250 m) from linear and angular forest edges (corner). Thereafter, we selected the five most
abundant woody species and registered their density at each distance category (Nectandra
salicifolia, Calliandra belizensis, Manilkara zaporta, Coccoloba diversifolia and Metopium
brownei). In general, individuals within small size categories were more abundant close to the
forest edges; whereas individuals in large size categories were more abundant towards forest
interiors, these differences being greater in sites exposed to two edges. The incidence
(presence/absence) and abundance of the most abundant species was affected by edge
exposure according to size class and species. Species characteristic of primary forests (N.
salicifolia and M. zapota) showed low or no regeneration close to forest edges, whereas those
characteristic of disturbed habitats (C. belizensis, C. diversifolia and M. brownie) were common
close to forest edges especially at forest corners. The creation of roads and consequently the
exposure of the vegetation to different number of edges had a strong effect on tree community
structure at the Cozumel Island.
Keywords: edge effect, vegetation structure and composition
19-D-3 (11:20)

Positive aspect of weeds for agro-biodiversity conservational priorities.
Rizwana Khanum1, Rashid Awan1, Gulfraz M.2 and Shenaz Zakia1
1
Pakistan Museum of Natural History, Garden Avenue, shakerparian Road Islamabad
2
Arid Agriculture. University Rawalpindi Botanical Sciences Division
Email: rizvanakhanum@yahoo.com
Weed control measures and policies often view weedy plants as problem species that interfere
with agricultural productivity. This results in these plants being eradicated sometimes
indiscriminately without regard for their other economic importance. In rural areas of Punjab
Pakistan however, people are turning to use of traditional medicinal plant species that include
important weeds. This study analyzed the use of weed species in contemporary traditional
medicine in rural Punjab areas. The results showed that 27 species of 17 plant families are used
as sources of traditional medicine for 41 ailments (despite the small area for this study as it only
encompasses some areas of Pothohar (Punjab) region). These weed species therefore deserve
to be considered as important plants when a government is legislating problem plants species. In
resource use efficiency variation and management of this variation are crucial and hence
agrobiodiversity conservation strategies should include weedy species of medicinal value. This
implies that traditional medicine in this region may be undergoing changing patterns as far as
medicinal plant utilization is concerned. The medicinal weed species used for the treatment of
ailments with high informant consensus need to be incorporated in agroecosystems in this region
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as domesticated plants or plants in the process of domestication. Further study of these plants
especially phytochemical and pharmacological studies may contribute to development of
important pharmaceutical products in future.
Keywords: biodiversity, conservation, weeds
19-D-4 (11:40)

Temporal and spatial patterns in human-elephant conflict incidents in Sri
Lanka
Ahimsa Campos-Arceiz1, Sampath KK Ekanayaka2 and Seiki Takatsuki 3
1
The University of Tokyo, Hongo 7-3-1, Bunkyou-ku Tokyo
2
The University of Sabaragamuwa,
3
The University Museum, The University of Tokyo, Hongo 7-3-1, Bunkyou-ku Tokyo
Email: ahimsa@camposarceiz.com
The human-elephant conflict (HEC) has become the main threat for Asian elephants Elephas
maximus in South Asia. HEC incidents (crop raiding and attacks on houses and people by
elephants) are not evenly distributed in time and space. Understanding the factors that
determine these temporal and spatial variations is important to implement mitigation policies. We
have studied the temporal and spatial patterns of HEC incidents in southeast Sri Lanka over a
period of one year at two different spatial scales. For this purpose we combined a system of
permanent monitoring of HEC incidents at a local scale (1sq-km resolution) and questionnaire
surveys at a regional one (25 sq-km resolution). Our results found that HEC was highly variable
in time and space. There were two seasons of high conflict, one during the extreme drought of
the dry season, when both wild forage and crops were scarce, and a second period during the
main cropping season, when crops were more abundant. This suggests that different ecological
mechanisms may operate in the raiding behavior of elephants in the different seasons. Using
habitat modeling we were able to predict the occurrence of HEC incidents in the space at the
regional scale, but not at the local one. At regional scale, all the landscape descriptors
considered resulted significant. The final model was able to explain 60% of the deviance and
included five variables measuring the human influence on the landscape (density of roads),
forest fragmentation (density of forest edge), water (distance to water sources), slope, and the
spatial autocorrelation. The raiding behavior of elephants is thus strongly determined by
landscape configuration. This study contributed to understand how human modification of
landscapes affects our interactions with wildlife and has provided some insights for the mitigation
of HEC in the southeast of Sri Lanka.
Keywords: human-elephant conflict, Asian elephants, landscape configuration, predictive
models, Sri Lanka
19-D-5 (12:00)

The unsustainable management of tropical forests
consequence of poorly designed forestry policies

at

root:

the

Chekuimo Georges Herbert
Research candidate at the Resource Ecology Group (REG), formerly the Tropical Nature
Conservation & Vertebrate Ecology Group (TNV), Environmental Sciences, Wageningen
University, Wageningen, The Netherlands and TRAFCAM, P.O. Box 8047 Yaoundé, Cameroon
Email: azpa01@yahoo.com
Tropical forests are one of the most valuable ecosystems in the world, containing over 60% of
the world’s biodiversity. Its exploitation for fuel-wood, fibres, bark, wax, oils, medicines, and
other essential products for domestic use and export has a history with human civilization.
Deforestation, driven by a wide range of social and economic forces, has accelerated through
the 1990s. The international trade in tropical timber is a major cause through timber extraction
and the promotion of clearance for agriculture. However, many causes explain the loss and
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degradation of forests and are usually inter-related and complex, as such it is better to treat them
in a holistic manner. Attempts to discourage imports of tropical timbers from non- sustainable
sources have so far largely relied upon consumer concern and voluntary measures on the part of
timber retailers and importers. These demands are not going to slacken in the decades ahead;
indeed, they will only expand. Slowing down tropical deforestation, much less halting it will
therefore entail bucking powerful and inexorably growing forces. If the world does not soon
experience a sea change in public policy regarding tropical forests, the last tree of the primary
forest will probably fall sometime before 2045.
Keywords: forest management, policy
19-D-6 (14:30)

Forest fragmentation causes reproductive loss in plants due to pollinator
limitation
K. Geetha Nayak and Priya Davidar
Department of Ecology and Environmental Sciences, Pondicherry University, Kalapet,
Pondicherry-605 014
Email: nayakkg@gmail.com
Disruption of plant-animal mutualisms in fragments could be a major cause of plant species
extinction in the tropics. Habitat destruction and isolation could also affect the reproduction of
wild angiosperms due to decline or loss of wild pollinators. We assessed pollinator limitation of
fruit set in 10 species of woody plants in natural and restored fragments of tropical dry evergreen
forests in the Pondicherry region of southern India. The extensive land use changes in the region
have resulted in the decline of wild pollinators such as Apis dorsata. We monitored fruit set by
open pollination and by hand augmented self and cross-pollination. We report the widespread
prevalence of pollinator limitation, particularly in bee-pollinated species. Self-incompatible plants
that require the services of pollinators suffer from greater decline in fecundity than do
self-compatible plants that do not. Adult population size was not related to natural fruit set,
indicating that inbreeding depression was not yet a problem here. Deterministic effects such as
pollinator limitation could be the first step towards plant species extinction in fragments.
Restoration of pollinator fauna in the fragmented and restored forests might be essential for the
long-term viability of populations that are out-crossers in these forests.
Keywords: habitat fragmentation, plant-pollinator mutualisms, pollinator limitation, restoration,
tropical dry evergreen forests, India
19-D-7 (14:50)

Tropical rain forest disturbance and plant diseases
Julieta Benitez-Malvido
Centro de Investigaciones en Ecosistemas, UNAM, Antigua Carretera a Patzcuaro No.8701,
Ex-Hda. de San Jose de la Huerta, Morelia, Michoacan, Mexico CP 58190
Email: jbenitez@oikos.unam.mx
Disease-causing organisms drive many ecological and evolutionary processes in natural
ecosystems, but in the tropics the interactions between plants and their pathogens has received
very limited attention. Available information suggests that fungal diseases are common in the
understory vegetation as well as in the canopy of Neotropical forests, affecting plant species at
all stages of their life cycles. The most familiar are foliar pathogens that can cause necrosis,
blights, chlorosis, and deformation of leaves. Both abiotic and biotic factors influence the severity
of disease in plant populations, with the former considered especially important. Disturbances in
tropical rainforest can have major effects on vegetation structure, which in turn affects the
intensity of light, soil moisture, and temperature in the understory. All these factors are known to
affect herbivory and the incidence of fungal diseases in plants. The combination of
environmental changes and exotic plant and pathogen species could make the vegetation of
disturbed habitats more vulnerable to infectious diseases. In general, diseased plants appear
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more vulnerable to unfavorable environmental conditions than are healthy ones. Based on my
research, I describe how environmental changes produced by man-made disturbances in the
Neotropics affect the interactions of plants with their fungal pathogens. I explore the
consequences of forest fragmentation, edge creation, logging, deforestation, and secondary
succession on levels of pathogen attack. Forest edges are recognized as the point of entry of
external influences, such as the invasion of exotic flora and fauna and pathogenic organisms.
Forest edges and fragments present hotter and drier microclimates than do forest interiors. In
Chajul, Mexico, seedlings growing close to forest edges had a greater incidence of foliar disease
than did those in forest interiors, whereas in Central Amazonia foliar-disease incidence in
seedlings likewise increased with decreasing fragment size. Wounds to plants, such as those
caused by increased tree mortality and falling debris in forest fragments and by logging and road
construction, can provide infection sites for pathogens, which once established can spread to
neighboring plants. In the Central Amazon young trees growing in a forest subjected to logging
presented higher incidence of leaf pathogens than those growing in non-logged forests. A cattle
pasture at Chajul and an open secondary forest at Manaus, Brazil showed greater foliar-disease
incidence than did nearby primary forest. Overall, the bits and pieces of available information
strongly suggest that forest disturbances, by altering microclimatic and other ecological
conditions, favor some pathogens, such as certain fungi. There are, however, huge holes in our
present knowledge of the impacts of fungal pathogens on natural tropical plant populations.
Tropical forests are being rapidly degraded, yet we know very little about the potential
consequences of disease proliferation in disturbed habitats.
Keywords: forest disturbance, leaf pathogens, plant diseases
19-D-8 (15:10)

Enrichment planting under exotic Lophostemon confertus plantation in
Hong Kong, China
Ida M.Y. Yu and Billy C.H. Hau
Department of Ecology & Biodiversity, The University of Hong Kong, Pokfulam Road, Hong Kong
Email: h0025457@hkusua.hku.hk
Hong Kong has more than 150 years of restoration history and the establishment of artificial
plantations using fast-growing exotic tree species has been the dominant practice for
rehabilitating the degraded hillsides after World War II in 1945. Today, such plantation cover is
occupying some 5.8 % of the total land area of Hong Kong. Natural regeneration in these
plantations were found to be unsatisfactory, especially monoculture of Lophostemon confertus,
which is also the most common exotic tree plantation in Hong Kong. The aim of this study was to
investigate the practicality of planting native tree seedlings in the understorey of L. confertus
plantation for enhancing the understorey diversity and accelerating natural succession. Four
native tree species: Cyclobalanopsis neglecta, Lithocarpus harlandii (both are Fagaceae),
Ormosia pachycarpa (Fabaceae) and Sterculia lanceolata (Sterculiaceae) were used in 3 L.
confertus plantations. The average survival rates of all planted seedlings were 76.8% in the first
6 months which implied satisfactory establishment in the plantations. However, the survival rate
of S. lanceolata seedlings was around 50% only which was significantly lower than the other
three species in all three plantations. S. laneolata seedlings mainly died of non-trophic animal
damage where seedlings were uprooted but not consumed. Non-trophic animal damage of
seedlings of other species were also recorded but to a much lesser extent. Infra-red triggered
cameras were set at each site and seven mammal species were recorded in these plantations.
The non-trophic damage was most probably caused by Indian Muntjac (Muntiacus muntjac) and
Malayan Porcupine (Hystrix brachyura). The study is still on-going but the preliminary results so
far suggested that careful screening of native tree species and evaluation of the wildlife
community in the chosen plantations were necessary before any enrichment planting would be
conducted. Tree shelters may be used in plantations with severe non-trophic animal damages to
tree seedlings.
Keywords: restoration, enrichment planting, exotic plantation, seedling damage, non-trophic
animal damage
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19-D-9 (15:30)

A comparison of native tree communities between alien weed–infested
forests and adjacent weeded forests in Mauritius
Florens, F. B. V.1, C. Baider2, G. D. Ramlugun1 and A. I. Ramsing1
1
Department of Biosciences, University of Mauritius;
2
Mauritius Herbarium, MSIRI. Réduit, Mauritius
Email: cbaider@msiri.intnet.mu
The first ecological surveys of Mauritian forests in the 1930’s reported the presence of invasive
plants in all areas of native forests. The situation has progressively worsened since and
nowadays invasive alien species collectively pose the highest threat to the endangered biota of
Mauritius. This triggered the creation over the last decades of a network of conservation
management areas (CMAs) where alien weeds are removed and large introduced mammals
fenced out. The presence of CMAs provides an opportunity to study the impact of invasive alien
species in-situ through comparative studies with non-managed areas. Two of the best preserved
native upland forest sites of the island were sampled for woody plants using 60 plots of 100m2, of
which 20 were placed in non-weeded and 40 in weeded areas. Non-weeded forests at both sites
were found to be highly invaded in their understorey by alien plants, particularly Psidium
cattleianum, and to a lesser extent Ligustrum robustrum out of the seven alien woody species
found. Several native trees showed marked reduction in individuals in the smaller size-class
categories indicating clear hindrance to their regeneration, while a few other species seemed to
be little affected. Forests in the weeded areas showed both a higher species richness and
excellent regeneration of several native species. Populations of pioneer trees, shrubs and lianas,
which are nowadays virtually absent from the non-weeded forests, recover particularly well in
managed areas.
Keywords: invasive alien plants; species richness, Mauritius; restoration

19-D-10 (15:50)

Invasion of bulbul and extent of crop damage
Aeshita Mukherjee
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun, China
Email: aesh@xtbg.org.cn
Bulbul is a noisy, gregarious bird, considered to be one of the world’s most invasive species and
is an agricultural pest. In addition, during the process of feeding, it also helps to spread the seed
of other invasive species. Its distribution ranges from Pakistan to southwest China. The bulbul,
when not breeding, tends to form large flocks and by its nature is aggressive and chases off
other bird species. Studies on the damage potential and abundance of depredatory birds in the
vineyard were conducted in Sede Boqer, Israel and compared with the extent of damage in the
vineyards in Cape Town, South Africa. A record of birds feeding on grapes was recorded once a
week during the fruiting season. Damage was more in the periphery of the vineyard. A
questionnaire concerning bird damage to grapes was distributed to a proportion of producers.
40% believe that bird damage has increased over the past five years. The provision of alternative
food sources at the onset of the harvest season might reduce the bird damage. Effective
reduction of damage will require producers to recognize the value of a damage-mitigating
program and to incorporate it into their management protocol.
Keywords: bulbul, grape, damage, control
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19-D-11 (16:40)

Ground cover vegetation of litchi orchards in relation to land use intensity
in mountainous northern Thailand
Dirk Euler, Konrad Martin, Liane Chamsai, Roswita Wehner and Joachim Sauerborn
The Uplands Program, Institute for Plant Production and Agroecology in the Tropics and
Subtropics, University of Hohenheim, Germany; Hohenheim Office, Faculty of Agriculture,
Chiang Mai University, Chiang Mai 50200
Email: deuler@uni-hohenheim.de
In the transformation process from small scale subsistence farming to market-orientated
agriculture and within the general conditions of limited land resources, former forest areas and
swidden farming systems in mountainous northern Thailand have become increasingly
transformed into permanent agricultural land. In Chiang Mai Province, arable land at elevations
between 300 and 1300 m asl is now prevalently used for cultivation of litchi (Litchi chinensis
Sonn.). Analyses of permanent land use systems such as fruit orchards were largely neglected
in botanical surveys of Thailand. Therefore, the plant species composition of the ground cover
vegetation of litchi orchards was analyzed in the vicinity of two Hmong villages (Chiang Mai
Province) implementing land use at different intensities. From the 49 litchi orchards (148 relevés)
studied, a total of 275 plant species (predominantly annual pioneers) was recorded. Two major
groups of orchard vegetation were separated by TWINSPAN classification, which corresponded
with the sites related to the two villages. Further paired subdivisions were mainly related to the
proportions of exotic and native species and life form composition among the species with the
highest positive fidelity values. The differences between groups can largely be explained by
factors of land use intensity and management, such as the duration of cultivation and the
frequency of herbicide use and mowing. Ordination by detrended correspondence analysis
(DECORANA) was executed to extract axes of compositional variation in orchard ground cover
vegetation. Gradients in vegetation composition along the axes revealed influences of the level
of duration of cultivation reflecting the site history and the on-field management intensity.
Knowledge on the relationships between management and composition of the ground cover
vegetation in litchi orchards may contribute to the identification of appropriate strategies to
promote ecological sustainability of land use in mountainous northern Thailand.
Keywords: management, succession, plant species composition, TWINSPAN, DECORANA

19-D-12 (17:00)

Variations on soil microbial biomass C in a rain forest and rubber tree
planation in Xishuangbanna of tropical China
Min Zhang1, Xiaoming Zou1,2
1
Forest Ecosystem Research Center, Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences. 88 Xuefu Road, Kunming 650223, China
2
Institute for Tropical Ecosystem Studies, University of Puerto Rico, P.O. Box 23341, San Juan,
PR 00931-3341, USA
Email: momofishcat@hotmail.com
Soil microbial biomass is a major component of soil active carbon with fast turnover rates.
Changes in soil organic carbon due to tropical land use are most likely reflected in biomass C. We
transplanted soils and plant litter between rain forests and rubber tree plantations to examine
factors that caused difference in soil microbial biomass C in Xishuangbanna of tropical China. We
found that soil microbial biomass C was 27% less in soils from rubber tree plantations than in soils
from the rain forests regardless of plant litter types and incubation sites. The influences of plant
litter type (rubber litter and rain forest litter) and microenvironment in the two forests on soil
microbial biomass C were insignificant. We conclude that reduction in soil microbial biomass C in
rubber tree plantations is caused through direct changes in soil chemical and physical properties
that are associated with forest management practices and long-term plant material inputs.
Keywords: land use change, rubber, soil microbial carbon, tropical forest
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19-D-13 (17:20)

Ecosystem properties of P-limited tropical marshes and consequences of
nutrient enrichment
Eliska Rejmankova, Petr Macek and John Grieco
Department of Environmental Science and Policy, University of California, Davis, CA 95616
Email: erejmankova@ucdavis.edu
Many tropical marshes are limited by phosphorus, contrary to the nitrogen limitation commonly
experienced by temperate marshes. Tropical marshes are typically dominated by sparse
macrophytes, mainly Cyperaceae, often in combination with floating cyanobaterial mats. They
are characterized by low herbivory and the continued availability of nutrient resources depends
on decomposition of organic material. Of the plant strategies generally listed as adaptive to low
nutrient stress, we concentrate on P resorption and P acquisition through extracellular enzymes.
Examples are derived from our database on herbaceous wetlands of northern Belize and from
the ultrabasic marshes of the Grande Terre Island, New Caledonia. N:P ratios averages 28 and
50 for Belizean and Caledonian marshes, respectively. Phosphorus resorption efficiency ranges
from 75 to 80% and P concentration in senescent tissue (P resorption proficiency) can be as low
as 0.001%. High P resorption results in production of litter with extremely low concentrations of P,
which, in turn, leads to slower decomposition rates. We documented decomposition rates almost
50% lower in litter from control vs. P-enriched plots. Resorption patterns change with P addition
as demonstrated by a nutrient addition experiment, in which we found a five-fold increase in P in
live and senescent tissues in P-enriched plots. Both macro and microphytes are acquiring P by
production of extracellular phosphatases hydrolysing organic P-compounds. The enzyme activity
decreases by nearly half in P-enriched plots. P-enriched runoff from agricultural lands causes an
expansion of tall dense macrophytes, namely Typha domingensis.
Keywords: marshes, phosphorus, nitrogen, nutrient resorption, phosphatase
19-D-14 (17:40)

Consequences of rural biomass extraction for the avian community in an
Indian tropical scrub forest
Ghazala Shahabuddin
Environmental Studies Group, Council for Social Development, 53 Lodi Estate, New Delhi
110003, India and Wildlife Conservation Society-India Programme, 26-2 Aga Abbas Ali Road Apt.
403, Bangalore, Karnataka – 560042, India
Email: ghazalafarzin@rediffmail.com
Tropical dry forests are subject to widespread biomass extraction such as through fuelwood and
fodder collection and livestock grazing. Biomass extraction is known to cause forest degradation
but its influence on the elements of animal biodiversity remains little known. A study was
undertaken into the influence of habitat degradation and resulting changes in vegetation
structure and composition, on an avifaunal community in a tropical scrub forest in north-western
India. Ten different sites along a gradient of disturbance were studied over two seasons: winter
migratory season & spring-summer breeding season. Sites were clustered into two distinct levels
of disturbance using ordination analysis -those that were intensively extracted by local people
(disturbed sites) and those that are relatively undisturbed due to protection (undisturbed sites).
Each site was censused seven times in all through systematic fixed-radius point counts.
Variables related to structure and composition of the tree layer were quantified using circular
plots. In terms of vegetation structure, disturbed sites had significantly reduced canopy cover,
tree basal area and tree height than undisturbed sites. Tree species composition also changed
significantly in disturbed sites. Bird abundance and diversity did not differ significantly between
disturbed and undisturbed sites. However, bird community composition showed considerable
change due to forest use. Nine of 40 bird species (that were abundant enough to be studied)
showed significant selection (p=0.05) for either disturbed or undisturbed habitats. All of the bird
species selecting undisturbed habitats with dense canopy cover, tall trees and high basal area,
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were insectivorous such as flycatchers and warblers. Two dove species selected disturbed sites
over undisturbed ones. Mantel’s tests, based on randomization tests, showed that bird species
composition was influenced significantly by changed vegetation structure but not by altered tree
species composition in disturbed sites. The study indicates that even subsistence-level forest
resource extraction by rural communities can have significant effects upon forest vegetation
structure and composition and consequently on avifaunal species composition of tropical scrub
forest. Insectivorous bird species appear most susceptible to local forest degradation.
Keywords: avifauna, tropical scrub, degradation
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Keynote speakers
08:30

Megafaunal extinctions in tropical Asia
Richard T. Corlett
University of Hong Kong, Dept. Ecology & Biodiversity, University of Hong Kong, Hong Kong,
China
Email: corlett@hku.hk
Alarming rates of habitat loss in tropical Asia have overshadowed another crisis: the accelerating
disappearance of most of the region’s large (>45 kg) vertebrates. These losses continue a
process that started 50-100,000 years ago as modern humans spread across the Earth,
precipitating extinctions in Australia, the Americas, Madagascar, and on numerous islands.
Tropical Asian forests were largely spared in this initial wave, because human population
densities were low, but this immunity has ended. The progressive extirpation of the most
vulnerable species from China over the last 1000 years is well documented, but for most of
tropical Asia the major decline has occurred within the last 100 years, with an acceleration in the
last ten. The largest species are now confined to fractions (< 5%) of their natural ranges and
many smaller species are also disappearing. Too little is known about the roles of large Asian
vertebrates living at natural densities to predict the consequences of these losses, and most
sites used for long-term ecological studies have already lost much of their megafauna. Most
large vertebrates are legally protected, but the only effective protection is inaccessibility, and
everywhere is becoming more accessible. Local conservation successes are all fragile. However,
while few species are globally extinct, the reconstruction of intact communities remains
potentially possible. The future of the Asian megafauna depends on our ability to look beyond the
present state of crisis. Three priorities are identified: maintaining demographically viable,
genetically diverse, populations of all species; identifying future Asian megareserves (>10,000
2
km ) and working towards their eventual protection; and learning to rehabilitate degraded lands
to link and extend whatever natural habitat survives.

09:15

Meeting the challenges of changing tropical ecosystems
Ariel E. Lugo
USDA, Forest Service, International Institute of Tropical Forestry, Jardin Botanico Sur 1201 Calle
Ceiba, Rio Piedras, PR 00926-1119
Email: alugo@fs.fed.us
We no longer argue about the prevalence of change in the tropics. It is clear now that to
conserve tropical biodiversity we must learn to deal with changing conditions and changing
ecosystems. As tropical biologists we will continue to do research in search of understanding the
impacts of anthropogenic disturbances to tropical ecosystems. We will also continue to support
the preservation of primary forests, wild landscapes, and rare and endangered species. And yes,
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we might also resist change, particularly senseless change. But now we must understand that
this traditional formula is not enough. There is much more we need to do, including learning
about changed ecosystems, rehabilitating degraded landscapes, understanding the functioning
of new ecosystems, and developing new conservation guidelines for a human-dominated
landscape.

Parallel sessions by venue
#3

Large-scale restoration of tropical ecosystems
Venue: Meeting Room A, 3rd Floor

Chaired by
• Prof. Carla Cattarall, School of Environmental Studies, Griffith University, Australia
• Dr John Kanowski, School of Environmental Studies, Griffith University, Australia
20-A-1 (10:40)

Forest restoration at landscape level in Hong Kong, China
Billy C.H. Hau
Department of Ecology & Biodiversity, University of Hong Kong, Pokfulam Road, Hong Kong
Email: chhau@hku.hk
Previous researches on forest restoration in Hong Kong were all small scale field experiments
addressing particular barriers to natural forest regeneration on degraded hillsides as well as
exotic tree plantations. Fortunately, many of these studies were conducted at Tai Mo Shan, the
highest mountain in Hong Kong which is also typical of the degraded hillsides in the territory.
None of the biological barriers including seed dispersal, seed predation, seed germination,
seedling growth and survival were shown to be strong enough to stop natural regeneration from
taking place. They could at most delay succession or act as selective barriers to prevent certain
plant species from establishing. However, the delay in succession has significantly increased the
risk to anthropogenic hill fire which is the single most important factor that can stop or even set
back natural succession in Hong Kong. Based on the relative importance of the different
biological barriers and an analysis of the sources of anthropogenic hill fires in Tai Mo Shan, a
comprehensive strategy which had taken into account the socio-economic conditions in Hong
Kong was proposed for Tai Mo Shan. The strategy focused on fire prevention in the first ten
years which included the establishment of a fire-break network to contain the fire sources and
the next ten years would focus on species enrichment in fire safe areas. The ultimate aim is to
regenerate species rich native forests for biodiversity conservation. The strategy could be scaled
up to apply to the whole of Hong Kong.
Keywords: forest restoration, natural succession, succession barriers, Hong Kong
20-A-2 (11:00)

Present and future land-use patterns in Latin America: implications for
large-scale ecosystems recovery
T. Mitchell Aide
Dept of Biology, University of Puerto Rico, PO Box 23360 San Juan, Puerto Rico
Email: tmaide@yahoo.com
Land-use cover and land-use change are major factors influencing the opportunities and barriers
for ecosystems recovery. Specifically, population growth and increasing per capita calorie
consumption are increasing the need for agricultural expansion, but the urbanization of the
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world’s population is removing pressure on other areas. This study compares land-use patterns
in SE Asia (excluding China) and Latin America, with the specific goal of discussing possible
future scenarios for ecosystems recovery in Latin America. Even though population density of
SE Asia is much greater than Latin America, a greater proportion of the land is in forest and
woodlands, and a lower proportion is in pastures; SE Asia has ＜5%, while in Latin America it is
approximately 30%. Although the population of Latin America is expected to increase from 500
million to 750 million by 2050, the density will still be much lower than SE Asia, suggesting that
there should be future scenarios that could accommodate population growth and permit
ecosystem recovery in extensive areas throughout Latin America. For this to happen, land must
be used much more efficiently, including promoting high-density urban areas and a shift from
low-productivity cattle production back to natural areas.
Keywords: present, future, ecosystems recovery
20-A-3 (11:20)

Edges: hope for Australian rainforest
Yong Tang, Roger Kitching and Jacinta Zalucki
Rainforest Cooperative Research Centre, Environmental Sciences, Griffith University, Nathan,
Queensland 4111, Australia
Email: y.tang@griffith.edu.au
Rainforest loss and fragmentation has become one of the major threats to biodiversity globally.
Consequent expansion of rainforest edges increases the potential for so-called detrimental edge
effects and other biological and, indeed, social impacts. Edges also play important roles in
maintaining the remaining rainforest. Most important, they can act as potential seed resources
for rainforest regeneration by supporting pioneer and secondary rainforest species. In Australia
in particular, rainforest secondary succession has largely been hampered by the presence of
Eucalyptus forest and associated management using prescribed fire. Shortage of secondary
forest to act as seed resources for large-scale natural regeneration is substantial problem for
Australian rainforest conservation. Investigation of the soil seed bank, seedling bank and liana
assemblages in Lamington National Park shows that rainforest edges maintain large number of
pioneer tree species as well as flesh fruited lianas These are mostly dispersed by flying
frugivores and act as important seed resources for natural forest regeneration. Appropriate
management of those rainforest edges is crucial and deserves greater priority within rainforest
conservation planning.
Keywords: rainforest regeneration, edge effect, soil seed bank, liana
20-A-4 (11:40)

How readily can biodiversity be restored over large areas? - The case of
Australian rainforest
Carla Catterall and John Kanowski
Rainforest Cooperative Research Centre, Environmental Sciences, Griffith University, Nathan,
Queensland 4111, Australia
Email: c.catterall@griffith.edu.au
Large-scale deforestation of tropical landscapes, usually for agricultural expansion, was a
hallmark of twentieth-century land use in many parts of the world. Although destruction of
indigenous forest continues in some areas, there are also processes underway which result in
reforestation. These often involve reasons other than biodiversity restoration (e.g., watershed
management, land stabilisation, abandonment of agricultural land, timber production). It might be
argued that reforestation for any purpose also provides positive biodiversity outcomes. However,
biodiversity within reforested land might be limited if the nature of reforestation is heavily dictated
by other goals (such as predominant use of fast-growing non-indigenous plants for land
stabilisation and timber production). Here we consider three questions. How much do different
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reforestation styles differ with respect to local biodiversity outcomes? What is the relationship
with cost per unit area and with the likely availability of land? And what are the implications for
potential biodiversity recovery over large areas? A case study investigated the site-specific
biodiversity outcomes of different styles of reforestation in rainforest landscapes of humid
tropical and subtropical Australia. Biodiversity attributes encompassed physical vegetation
structure and taxonomic diversity (plants, vertebrates and invertebrates). Reforestation styles
were ecological restoration, agroforestry, timber plantation and autogenic regrowth. They varied
considerably in biodiversity outcome. We conclude that planning for large-scale restoration of
rainforest biodiversity needs to focus on land use mosaics comprising both low-cost and
high-cost elements, and that the management of autogenic regrowth shows considerable
potential for biodiversity recovery.
Keywords: restoration, forest, biodiversity, landscape, plantation, cost
20-A-5 (12:00)

The impact of the deforestation of Amazonia in the climate: a review
Gilberto Fisch
Centro Tecnico Aeroespacial (CTA/IAE-ACA) Praca Marechal Eduardo Gomes, 50
Email: gfisch@iae.cta.br
Although Amazonia is still mainly covered by tropical forest it is suffering from a high rate of
deforestation in the last 3 decades in order to develop cattle activities. This impact on climate is
likely to depend strongly on the scale of deforestation. During the last 2 decades, several
experiments (ARME, ABLE, ABRACOS, LBA) are being conducted over Amazonia in order to
collect meteorological data to study this impact. This paper will give an update of main results.
Briefly, the air temperature will increase, there will be a reduction for precipitation and
evapotranspiration and a longer dry season. The height of the boundary layer will be deeper over
pasture during the dry season.
Keywords: microclimate, deforestation, global change
20-A-6 (14:30)

Large-scale restoration of extensively modified ecosystems: issues,
approaches, and examples from Australia
John Kanowski and Carla P. Catterall
Rainforest Cooperative Research Centre, Environmental Sciences, Griffith University, Nathan,
Queensland 4111, Australia
Email: J.Kanowski@griffith.edu.au
There is increasing recognition amongst ecologists that restoration may need to be undertaken
at much broader scales than currently implemented, if biodiversity is to be conserved in
extensively modified ecosystems. For example, restoration projects may need to be applied over
entire catchments, rather than particular sites, because the factors that influence degradation
and recovery often operate over broad scales. However, there are significant technical, social
and conceptual challenges to planning and implementing large scale restoration projects. For
example, methods developed for restoring particular sites may be exorbitantly expensive when
applied over extensive areas. Large scale restoration projects invariably affect many
stakeholders, and may need to provide a range of benefits, besides biodiversity conservation, to
be socially acceptable. Furthermore, extensively modified ecosystems are unlikely to be able to
be restored to a ‘pristine’ condition. The determination of appropriate target conditions, and the
means of approaching these targets, will usually involve considerable uncertainty and may often
be contentious. In this presentation, we discuss these and related issues of large scale
restoration using examples from Australian ecosystems.
Keywords: restoration, site, landscape, conservation, Australia
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20-A-7 (14:50)

Nitrogen fixation in native woody legumes and their use for forest
restoration in Hong Kong, China
Angie Ying-Sim Ng
Department of Ecology & Biodiversity, The University of Hong Kong, Pokfulam Road, Hong Kong,
China
Email: yingsim@yahoo.com
Deforestation has left Hong Kong with extensive areas of degraded land. Nutrients, particularly
nitrogen, are low in the soil of these degraded lands. Application of fertilizer has been the most
common and convenient way of enriching soil nitrogen. However, the potential use of nitrogen
fixing legumes in soil improvement has raised increasing attention. There has been relatively
little research into nitrogen fixing trees in forest restoration. This study aimed to assess the ability
of native woody legumes in Hong Kong in the formation of root nodules and nitrogen fixation.
Thirteen of the seventeen legume species surveyed were able to form root nodules. However,
the capability of nodule formation varied between species. Tree species and more woody
species generally bore much fewer but larger root nodules than those less woody species. Most
nodules seemed to be effective in fixing nitrogen as indicated from the pink colour of nodule
interior. A planting experiment was conducted in growth chambers to study the effect of nodule
formation on the growth of two native tree legumes: Ormosia emarginata and O. semicastrata
(Fabaceae). Two non-legume species: Reevesia thyrsoidea (Sterculiaceae) and Syzygium
hancei (Myrtaceae) were also used as controls. The inoculation treatment and fertilizer treatment
resulted in similar increase in height, basal diameter and above ground biomass in the two
Ormosia species which were slightly higher than that of uninoculated control. The total nitrogen
content in the two Ormosia species was significantly higher in the two treatments than that of the
control. For the non-legume species, fertilizer treatment produced significantly larger growth in
height, basal diameter, biomass and nitrogen content than the inoculated and uninoculated
treatments. The results confirmed the nitrogen fixing capability of the 2 legume species. Further
studies on these 2 species are required to assess if they can bring positive benefits in soil
improvement to the degraded hillside sites in Hong Kong in forest restoration.
Keywords: forest restoration, woody legumes, nitrogen fixation, Hong Kong
20-A-8 (15:10)

The significance of soil seed bank for conservation in tropical dry
evergreen forest
Sasmita Dasmohapatra and Priya Davidar
Department of Ecology and Environmental Sciences, Pondicherry University, Kalapet,
Pondicherry-605 014 India
Email: sashmitha_ecol@rediffmail.com
Tropical dry evergreen forests (TDEF) are unique type forests now occurring as small fragments
along the Coromandel coast of India and Northern Sri Lanka. These forests have been reduced
to small patches due to habitat loss and now are protected as sacred groves by the local
communities. Apart from isolation, there is on going human impact that could affect regeneration
processes in these fragments. I studied the soil seed bank composition in four TDEF fragments
to see whether the vegetation could be reconstituted through seed banks. All species were not
represented in the soil seed banks. Of those represented, lianas were the most abundant and
had high germination success. Therefore the vegetation structure and diversity will change over
time unless TDEF species that do not regenerate are planted.
Keywords: regeneration, seed bank, germination
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20-A-9 (15:30)

Hunting relieves recruitment limitation in a Neotropical palm
Patrick A. Jansen, S. Joseph Wright, Pieter van Eijk and Helene Muller-Landau
University of Groningen, Community and Conservation Ecology group, PO Box 14, 9750 AA
Haren, The Netherlands
Email: p.a.jansen@rug.nl
Recruitment limitation contributes to the coexistence of many tree species in tropical forest. We
studied how various components of recruitment limitation are affected by hunting, which alters
the mammal fauna, changing the abundances of seed dispersers and natural enemies. We
studied the palm Astrocaryum standleyanum, the agoutis that disperse palm seeds through
scatter-hoarding, and various mammals and insects that depredate the seeds, in Central
Panama. We selected 60 individuals across 12 plots with contrasting levels of hunting and palm
abundance, and compared rates of pre- and post dispersal seed predation, seed removal, seed
dispersal, seed survival, seedling establishment, and seedling survival. We found that two
components of recruitment limitation – source limitation and dispersal limitation – were stronger
under hunting. But, the third component of recruitment limitation – establishment limitation – was
dramatically weaker under hunting. The net effect of hunting was to relieve intense recruitment
limitation. Our results suggest that hunting can indirectly affect mechanisms of species
coexistence. This effect may partially explain why palms attain dominance in disturbed forests,
which usually have high levels of hunting, at the cost of other tree species and hence
biodiversity.
Keywords: poaching, seed dispersal, seed predation, regeneration

#14

Land-use, Landscape Management and Environmental Services in
Montane Mainland Asia (MAINA): Trade off and the design of
sustainable land use and conservation strategies
Venue: Meeting Room B, 2nd Floor

Chaired by:
• Dr Jianchu Xu, International Centre for integrated Mountain Development, Nepal
• Dr Eklabya Sharma, International Centre for integrated Mountain Development, Nepal
• Dr Xiaoming Zou, Institute for Tropical Ecosystem Studies, University of Puerto Rico
20-B-1 (10:40)

Land use change and its impact on hydro-ecological linkages in Himalayan
watersheds
Eklabya Sharma1, S.C. Rai2 and Ma Xing3
Natural Resource Management Programme, International Centre for Integrated Mountain
Development, GPO Box 3226, Khumaltar, Lalitpur, Kathmandu, Nepal
2
Department of Geography, Delhi School of Economics, University of Delhi, India
3
Kunming Institute of Botany, Chinese Academy of Sciences, Longquan Road 610,
Kunming-650204, China
Email: esharma@icimod.org
1

The Eastern Himalayan region receives high rainfall consequently losing large quantities of
sediments through its rivers. The loss of sediments largely depends on the types of land use in
the upland watersheds. Landuse/cover change and its hydro-ecological linkages are not clearly
understood, therefore a study towards this understanding was made by analysing processes and
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linkages in Mamlay, Khanikhola, Khecheopalri and Xizhuang watersheds in India and China of
the Eastern Himalaya. The dynamics of landuse/cover change in both spatial terms and time
sequence suggest that more and more of forest lands are converted for agricultural purposes in
these watersheds. The converted agricultural land has been receiving intensification that directly
impinges on the hydro-ecological processes. The study in these watersheds dealt with (a)
drainage, discharge and sediment concentration, (b) precipitation, overland flow and soil loss in
different land uses, and (c) precipitation partitioning pathways in forests and agroforestry
practices. The conversion of forests to agricultural land has been conspicuous in the last few
decades in majority of middle hill areas in the Himalayas that is impacting on ecological
processes and environmental services provided by these watersheds. This study suggests that
the upland microwatersheds can be hydro-ecologically sustainable providing benefits of
environmental services only if good forest cover and economically viable agroforestry systems
are maintained in mountains. The paper also discusses some good practices of community
based natural resources management in the study watersheds.
Keywords: watersheds, drainage, discharge, precipitation, good practices
20-B-2 (11:00)

Land use transition and mountain ecosystem services in Yunnan, Eastern
Himalayan region
Xu Jianchu
International Centre for Integrated Mountain Development, Khumaltar, GPO Box: 3226, Lalitpur,
Kathmandu, Nepal
Email: jxu@icimod.org
This paper provides three case studies where experience land use transition in Yunnan,
southwest China. The results show that the land use transitions in mountain region are largely
driven by economic reform and trade liberalization, as well as increasing environmental
conservation. The case study in Xiaozhongdian township of Shangrila county, the high Tibetan
plateau of northwest Yunnan shows that the Tibetan agro-pastoralists have shifted from more
alpine pasture to sedentary pasture, agriculture and off-farm opportunity. The case of Xizhuang
watershed in the mid-hills of western Yunnan has experienced a significant forest recovery due
to government imposed watershed conservation and tree plantation. The case of shifting
cultivators have transformed the most suitable swidden-fallow fields to rubber plantation after
rural economic reform in farmland in late 1970s and forestry reform in 1982. While many of these
transitions are likely to be beneficial in general and controversial sometimes to local livelihoods
and environmental services, they must be carefully monitored and relevant policies should be
inclusive of all stakeholders. In some places economic development has created enough
non-farm jobs to pull farmers off of the farmland, thereby inducing the spontaneous regeneration
of forests in old fields. But most places state policies have provided incentives for farmers to
plant trees in the upland fields. The transitions do little to conserve biodiversity and secure local
livelihoods, but they do sequester carbon and conserve soil. This is why it is important that land
use science be cognizant of the need to make information accessible to policy makers and land
users for better land use planning and ecosystem services.
Keywords: agro-pastoralists, sedentary, swidden-fallow, environmental services
20-B-3 (11:20)

Tibetan land use and change near Mt. Kawa Karpo
Jan Salick, Yang Yongping, and Anthony Amend
Missouri Botanical Garden, Linacre College, St Cross Road, Oxford, OX1 JA3, England and
Kunming Institute of Botany, Chinese Academy of Sciences, Longquan Road 610,
Kunming-650204, China
Email: jan.salick@mobot.org
Tibetan land use near Khawa Karpo, Northwest Yunnan, China, incorporates indigenous forest
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management, gathering, pastoralism, and agriculture. With field-based GIS, repeat photography
and Participatory Rural Appraisal, we quantitatively compare land use between higher and lower
villages, and between villages with and without roads. Households in higher elevation (>3,000
meters) villages cultivate more farmland, a greater diversity of major crops, a higher percentage
of traditional crops, and fewer cash crops than those in lower elevation villages (<2,500 meters).
Villages with roads grow significantly more cash crops. Inhabitants of both lower villages and
villages with roads travel farther to access common property resources. Historical analyses
indicate agricultural intensification in valleys, an increase in houses, new crop introduction,
hillside aforestation, cessation of hunting, glacial retreat and timberline advance within the past
century. We suggest that Tibetan land use reveals trade-offs between high, remote villages and
lower villages near roads. Higher villages offer abundant land and access to natural resources
but short growing seasons and little market access; in contrast, lower villages have road and
market access, an extended growing season, and modern technology, but limited access to land
and many other natural resources.
Keywords: land use, environmental change, GIS, PRA, ethnobotany

20-B-4 (11:40)

Community managed forests and protected areas in fragmented landscape
Pralad Yonzon
Resources Himalaya, GPO Box 2448, Kumaripati, Lalitpur, Kathmandu, Nepal
Email: habitat@resourceshimalaya.org
As Nepal’s forest cover continues to decline, protected areas (PAs) and community forest are
two probable candidate areas where biodiversity conservation and sustainable forest
management have emerged as the doable for the future. Although PAs cover 23,919 km2 in
Nepal, mature forest amounts to 5,827 Km2 only. In contrast, community managed forest covers
11,000 km2 but they are not matured forest. Given these, dispersion of several community
managed forests between two national parks (Shivapuri and Langtang) in Nepal, suggest that
patch dynamics in community managed forests need to be explored for their potential in
landscape level connectivity to safeguard biodiversity in the Nepal Himalaya.
Keywords: Nepal, protected areas, fragmented landscape, connectivity

20-B-5 (12:00)

Adaptive agroforestry in the Eastern Himalaya: its environmental services
and economic sustainability
Rita Sharma and Jianchu Xu
International Centre for Integrated Mountain Development, Khumaltar, GPO Box: 3226,
Kathmandu, Nepal
Email: rsharma@icimod.org
Many forms of agroforestry have been practiced for centuries in different parts of the Eastern
Himalaya. The predominant systems are shifting cultivation with fallow of forestry phase and
cash crops based on traditional cardamom agroforestry.
This paper deals with traditional large cardamom based agroforestry in Sikkim of India and
shifting cultivation (rotational agroforestry) in Yunnan of China. Adaptive management of cash
crop like the large cardamom (Amomum subulatum) in Sikkim has been a boon to the mountain
people of the area. In the past two decades, this traditional agroforestry has extended through
community exchanges in the neighboring Nepal and Bhutan. In Sikkim alone, area under large
cardamom has increased by 135% between 1975 and 1995. The large cardamom agroforestry
practice is a perfect example of mountain landscape management where both ecological and
economic aspirations of local, regional and international communities are achieved. The local
community needs of provisions by direct benefits are already available from the agroforestry.
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Shifting cultivation has been adopted by farmers for harnessing various benefits including social
safety-net both by innovations and environmental services. The fallow forestry phase in shifting
cultivation could incorporate the cash crops like large cardamom for economic benefits and
environmental sustainability. Traditional agroforestry systems in the mountains provide
ecosystem services, which include services such as provisioning, supporting and regulating, and
cultural services. These traditional agroforestry systems with combination of forestry and
agricultural components are an excellent practice where the environmental services are obtained
in a sustained manner for both the upland communities and the downstream users. An
agroforestry system produces fuel wood, fodder, biomass feedstock, and other traditional
forestry products. In addition the trees are sheltering livestock, providing wildlife habitat,
controlling soil erosion, natural nutrient cycling and fixing nitrogen to improve soil fertility. The
resulting biological interactions provide multiple services and benefits, including diversified
income sources, increased biological production and traditional crops for food security, seral
growth of forestry component and related carbon sequestration; better water quality for
downstream users; improved habitat for both humans and wildlife and biodiversity conservation.
This paper analyses the economic sustainability and environmental services provided by two
predominant adaptive traditional agroforestry practices of the Eastern Himalaya.
Keywords: agroforestry, large cardamom, ecosystem services, shifting cultivation

20-B-6 (14:30)

Transboundary biodiversity conservation through landscape approach in
the Kangchenjunga Complex
Nakul Chettri and Eklabya Sharma
International Centre for Integrated Mountain Development, GPO Box 3226, Khumaltar, Lalitpur,
Kathmandu, Nepal
Email: nchettri@icimod.org
The landscape surrounding Mt Kangchenjunga spreads over a wide spectrum of ecological
zones in eastern Nepal, Darjeeling and Sikkim Himalaya (India) and western Bhutan. It has nine
important protected areas covering about 6,000 sq km. The area is considered as part of one of
the 34 Biodiversity Hotspots of the world. It has a unique situation where within a 100 km N-S
stretch, it covers tropical to alpine vegetation. Considering the importance of the landscape,
biodiversity conservation has been made a top priority in the national agendas for Nepal, India
and Bhutan. India has brought the Kangchenjunga area under a protected area network by
managing it as Kangchenjunga Biosphere Reserve and other five wildlife Sanctuaries in Sikkim;
Singhalila National Park, Senchel Wildlife Sanctuary, Mahananda Wildlife Sanctuary and Neora
Valley National Park in Darjeeling; Kangchenjunga Conservation Area in Nepal and Toorsa Strict
Nature Reserve, and Jigme Dorji National Park in western Bhutan. The area has contiguity with
the habitat of many umbrella species such as Snow Leopards, Takin, Tigers and Elephants
which otherwise are restricted in the individual existing protected areas. It is among one of the
169 complexes of two or more adjoining protected areas that are divided by international
boundaries. Despite of the ecological importance of the landscape, they have been subjected to
great stress and continue to face multiple threats. Connecting these PAs with corridors has an
important role on both vertical (altitudinal) and horizontal coverage for conservation in this
important landscape. This paper emphasizes the feasibility assessment of developing a
landscape with conservation corridors as connecting links to existing protected areas in the
Kangchenjunga complex. The study revealed many potential forested areas that could be
developed to provide connectivity between the protected areas as well as across the landscape.
Such a transboundary landscape helps countries to meet conservation goals under international
agreements. However, the dependency of people on these forested lands is enormous and
requires economic development as incentives for conservation.
Keywords: transboundary, conservation corridors, economic development
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20-B-7 (14:50)

Forest land use planning in Garwal Himalayas – an integrated approach
using AHP, SWOT and geospatial tools
B. R. Gautam1, P.K. Joshi2 and D.N. Pant2
1
Centre for Space Science and Technology Education in Asia and the Pacific (CSSTEAP),
Dehradun 248 001 India
2
Indian Institute of Remote Sensing (NRSA), Dehradun 248 001 India
Email: joshi@iirs.gov.in
The past three decades have been a time of significant change for forestry and land use
practices in Himalayan region. ‘Forest’ plays multidimensional role in maintaining many global
processes, therefore sustainable planning and management of forest resources is an important
issue. The land use planning initiatives has brought numerous efforts to reconcile diverse
interests and try to find ways to manage these resources in a manner that will ensure a wide
range of values and interests. It involves multiple objectives, multiple criteria and multiple social
interests and preferences. The study was aimed at the assessment of forests in Himalayan
landscape, human dependency on them and identification of potential forest land use. The
methodology consist of geospatial analysis of database generated from the satellite (IRS LISS III
+PAN) data, ancillary database and socio-economic information colleted through PRA
(Participatory Rural Appraisal), RRA (Rapid Rural Appraisal), SWOT (Strength, Weakness,
Opportunity and Threats) and AHP. SWOT followed by AHP (Analytical Hierarchy Process) has
been proved very helpful to solve conflicting land use areas. The outputs are useful for the
formulation of strategic action plans concerned with forest land use planning with respect to
mobilize, allocate and utilize the resources. The information serves the purpose of Decision
Support Systems (DSS) to evaluate the suitability and sustainability of the major potential land
use alternatives in the region.
Keywords: forest, Himalaya, SWOT, human dependency
20-B-8 (15:10)

Towards an efficacious method of using Landsat TM imagery to map forest
in complex mountain terrain in Northwest Yunnan, China
Xuefei Yang, Andrew. K. Skidmore, David Melick, Zhekun Zhou and Jianchu Xu
Kunming Institute of Botany, The Chinese Academy of Sciences, Longquan Road 610, Kunming,
China
Email: xuefei@mail.kib.ac.cn
Mapping forest type using Landsat TM images encounters many problems especially when
applied in montane landscapes with complex terrain. In this study we evaluate the effect of
selected data inputs and classification methods on the accuracy of forest type mapping in a
complex terrain landscape in mountainous southwest China. Results show that the accuracy of a
forest type map produced by the original Landsat TM bands data alone is not acceptable, but the
integration of topographic data with Normalised Difference Vegetation Index (NDVI) and
Principle Components (PC) improves the mapping accuracy by 15% and 14%, respectively. In
addition, the comparison of two-classification methods showed that a GIS expert system
(EXPERT) outperforms the maximum likelihood classifier (MLC) by 9%. It is concluded that
combination of topographic data together with NDVI or PCs enable production of more reliable
and accurate forest maps in landscapes with complex terrain. Where reliable field knowledge is
available, expert systems show potential for producing affordable forest type maps as accuracy
as those obtained by conventional classifiers.
Keywords: forest type mapping; complex terrain landscape; maximum likelihood classifier; GIS
expert system; Northwest Yunnan
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20-B-9 (15:30)

Maintaining ecological resilience in landscape by linking protected areas
through biological corridors in Bhutan
Sangay Wangchuk
Nature Conservation Division, Thimpu, Bhutan
Email: jamkhar@yahoo.com
Natural ecosystems are resilient and bounce back if adequate protection is not provided in time.
Several countries have adopted various approaches to maintain the ecological resiliency of the
protected areas and different landscapes. In Bhutan the extensive protected area network and
the establishment of biological corridors connecting them have been used to maintain the
ecological resiliency at the landscape level. Bhutan has dedicated over 26 percent of the country
as protected areas, representing ecosystems ranging from subtropical to alpine (150 meters
over 7000 meters above mean sea level). To ensure representativeness of the various
ecosystems, the protected areas are located in various parts of the country. Such placement
pose several challenges in the form of insular effect, reduction in the natural range of large
mammals and migratory birds, increase in pressure on the protected area ecosystem from biotic
sources, etc. Recognizing the need to maintain the ecological resiliency of the protected areas,
biological corridors have been established, connecting all the protected areas of the country.
There are twelve biological corridors and form 9 percent of the total area of the country. Studies
show that the biological corridors are being used, particularly by large mammals such as tigers,
leopard and takin to move freely within their natural range. For instance, tigers migrate from
Royal Manas National (150 meters altitude) to Jigme Dorji National Park (4000 meters altitude)
by using the biological corridor through Jigme Singye Wangchuck National Park. Takins migrate
from Jigme Dorji National Park to Jigme Singye Wangchuck via Dochula biological corridor.
Hundreds of migratory birds also use the biological corridors. Some of the biological corridors
contribute to the transboundary management programme, such as Kangchenjunga Complex.
For Bhutan the challenge is to ensure that the biological corridors continue to be effective in
maintaining the ecological resilience of protected areas. Although the forest cover within and in
the vicinities of the biological corridors is still in good condition, there are people residing in some
of the corridors. Furthermore, some corridors are used as pasture. To address these challenges,
the Nature Conservation Division has been working with various international agencies such as
ICIMOD, WWF, UNDP/GEF to operationalize the biological corridors. Management plans of
priority biological corridors such as Toorsa which forms part of the Kangchenjunga complex, and
Thrumshingla-Jigme Singye Wangchuk- Royal Manas National Parks are under preparation.
The ecological status of other biological corridors is under assessment.
Keywords: Bhutan, corridors, landscape, resilience

20-B-10 (15:50)

Conservation and socioeconomic development challenges in the Sikkim &
Darjeeling Himalaya
Jeta Sankrityayana and Sanchari Roy Mukherjee
North Bengal University, Department of Economics, North Bengal University,,Darjeeling District,
India
Email: jeta_eco@rediffmail.com
Situated along the east slopes of the Kangchendzonga landscape, the Sikkim and Darjeeling
Himalaya forms a critical conservation zone in the MMA region, because of the richness of its
biodiversity resources and because of increasing ecological stress. With considerable alternation
in elevations, climates and landscapes and intense rainfall, the region has around 4,000 endemic
flowering species and over 450 orchid and 30 rhododendron varieties, besides 1400 Lepidoptera
species in addition to other rare fauna. Although a large portion of this region is still forested, the
extent of conserved areas is relatively small because of human pressure. Considerable change
within the conservation landscape has occurred because of monocultural state forestry, the
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spread of tea plantations and expanding urbanisation. These have also weakened the traditional
property rights of the mountain communities over participatory conservation and use of natural
resources. Since the Sikkim & Darjeeling Himalaya is also the most densely settled region within
the Indian Himalaya, the level of ecological stress induced by human presence is
correspondingly high. Conservation goals can thus be achieved only through inclusive measures
that coopt the local people as stakeholders. Social awareness about the importance of
biodiversity conservation has grown lately because of active civil society effort. There is a need
now to evolve a comprehensive biodiversity conservation strategy that balances ecological
priorities with sustainable modes of realising the development aspirations of the people.
Keywords: Kangchenjunga, biodiversity, strategy, stakeholders

20-B-11 (16:40)

Development in the Lower Mekong Basin: the Mekong River Commission,
information management and challenges for biodiversity conservation
Charlotte MacAlister
Mekong River Commission Secretariat, Po Box 6101, Vientiane, Lao PDR
Email: charlotte@mrcmekong.org
The cooperation in the development of the Mekong was first conceived in 1957 with the creation
of the Mekong Committee. Over the intervening period of almost 50 years, and despite regional
unrest during the late 1970’s to mid-1990’s when the Interim Mekong Committee operated
without Cambodia’s participation, this cooperation has grown and evolved into a coherent body,
The Mekong River Commission (MRC), fully owned and managed by the member countries. The
MRC has a clear mandate derived from the 1995 ‘Agreement on the Cooperation for the
Sustainable Development of the Mekong River Basin’. The agreement commits the member
countries of Lao PDR, Thailand, Cambodia and Viet Nam to ‘cooperate in a constructive and
mutually beneficial manner for sustainable development, utilization, conservation and
management of the Mekong River Basin water and related resources’. The upper Mekong Basin
countries, China and Myanmar participate as dialogue partners.
Since the inception of the MRC, the Lower Mekong Basin (LMB) has, and continues to undergo a
period of rapid development, land-use change and population growth. Eighty percent of the LMB
population currently live in rural areas and are heavily reliant on wetland and river resources
including the Mekong and its tributaries. Around 40% of the population lives below the poverty
line, rising to 60% in remote areas. With the populations of Lao PDR and Cambodia set to double
in the next 20 years, pressure on natural resources can only increase. In addition to ‘internal’
stresses on it resources, the LMB is impacted by changes in land-use and hydrology in the
Upper Basin, primarily China and Myanmar.
In a time of rapid growth and development, the MRC serves as a focal point for information and
data on natural resources and the process which influence their characteristics. Hydrological,
meteorological, biotic (including habitat, biodiversity and water quality), remote sensed, social
and economic data are collected, compiled and also redistributed by MRC. The compilation of
such a wide range of information, from primary natural resource data (e.g. recent habitat data
and land cover) to provincial-regional development plans, provide a very good opportunity to
investigate the interactions between valued habitats, potential impacts of development and likely
land use changes. This presentation provides one such example from a LMB sub-catchment
using simple GIS techniques.
Keywords: Lower Mekong Basin, river basin management, Lao PDR, Thailand, Cambodia, Viet
Nam, development, poverty, biodiversity, protected areas
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20-B-12 (17:00)
Contested Landscapes: Dynamics of Resource Management by the Akha People in
Xishuangbanna, South Yunnan, China
Jianhua WANG
University of California at Riverside, Department of Anthropology. 1334 Watkins Hall, Riverside,
CA 92521-0418, USA
Email: ayuwang73@hotmail.com
A landscape is a modified, created, and/or perceived environment by a people. People may
know very little about their bio-physical environment, but by definition, the landscape is what they
see, know, and interact with. In other words, a landscape is both a medium and a result of
interaction between people and their environment. Various peoples may perceive the same
environment as different landscapes, and thus have different strategies of access to the
environment, which may result in competition between groups over the same resource or
environment. This paper is to exam how the Akha people in Xishuangbanna have managed their
resources (especially lands and forests) through their landscapes since 1950s, how their
landscapes contest with other ethnic groups’ landscapes in this area, and what the impacts of
these competitions on the dynamics of Akha’s resource management. Impacts of contested
landscapes on the local biodiversity will also be discussed.
Keywords: contested landscape, Akha people, Xishuangbanna

#13

Friendly and unfriendly animal-plant relationships: harmony and
discrepancy between dispersers and predators
Venue: Meeting Room C, 2nd Floor

Chaired by:
• Dr Pierre-Michel Forget, Museum National Histoire Naturelle, USM 301, CNRS 5176, 4
ave Petit Chateau, F-91800 Brunoy, France
20-C-1 (10:40)

The intake responses of three species of leaf-nosed Neotropical bats
Jorge Ayala-Berdón, Jorge E. Schondube and Kathryn E. Stenner
Centro de Investigaciones en Ecosistemas, UNAM, Antigua Carretera a Patzcuaro No.8701,
Ex-Hda. de San Jose de la Huerta, Morelia, Michoacan, Mexico CP 58190
Email: jayala@oikos.unam.mx
We investigated intake response to sugar concentration in food of three Neotropical bat species:
Leptonycteris curasoae, Glossophaga soricina and Artibeus jamaicesis. Our experiments were
conducted in outdoor enclosures (2x5m) where bats could forage freely while flying. We
measured food intake at various concentrations of sucrose or 1:1 mixtures of glucose-fructose
(292, 438, 584, 730, 876 and 1022 sucrose equivalents). Physiological mechanisms limit food
intake in the three species of bats. Curiously, bats did not show differences in the intake between
sucrose and the 1:1 glucose-fructose solutions. This indicates that digestion and absorption in
bat intestines are paired. Our results suggest that, on the basis of energy intake, bats should not
prefer hexoses over sucrose. We used a mathematical model of the rate of sucrose hydrolysis
and the small intestinal volume of bats to predict intake responses. The model described the
intake response of L. curasoae and G. soricina adequately but was a very poor descriptor of A.
jamaicensis’ intake response. The intake responses of bats to sugar solutions seem to be
shaped by post-ingestional physiological factors in the case of L. curasoae and G. soricina, and
by pre-ingestional factors in A. jamaicensis.
Keywords: bats, intake response, nectar, models of digestion, sucrose
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20-C-2 (11:00)

Dispersal of fig pollinators in Asian tropical forests
Rhett D. Harrison and Jean-Yves Rasplus
Research Institute for Humanity and Nature, Motoyama 457-4, Kamigamo, Kita-ku, Japan
Email: rhett@chikyu.ac.jp
Fig pollinators (Agaonidea, Chalcioidea) lay their eggs in fig inflorescences (Ficus, Moraceae).
Reproductive success for both partners is thus largely dependent on the dispersal of these tiny
wasps, and some are known to cover substantial distances (>10 km) using wind above the
canopy. However, fig ecology is extremely varied, and hence we might also expect a diversity of
pollinator dispersal strategies. Using non-attracting sticky-traps suspended above the canopy, fig
pollinator dispersal was studied in Sarawak (2001 and 2004) and Peninsular Malaysia (2003).
For monoecious-fig pollinators, there was a high degree of species overlap and a highly
significant correlation in species abundances between years, despite short sampling periods.
This indicates long-distance dispersal is smoothing out the substantial temporal-spatial variance
in the production of monoecious-fig pollinators. Several species whose hosts do not occur at the
Sarawak site and are extremely rare in Borneo were caught, suggesting exceptionally
long-distance (?≈100 km) in these species. Conversely, the diversity and abundances of
dioecious-fig pollinators were low, and species turnover between years was high. At a finer scale,
among monoecious-fig-pollinating genera, species overlap between sites varied although
species overlap among their hosts is similar. We also found marked differences in flight
behaviour (flight height and time of dispersal), which were consistent between years, among
monoecious-fig-pollinating genera. We relate these findings to the ecology of their hosts, and
discuss the implications for coevolution of the fig–fig-pollinator interaction.
Keywords: Agaonidae, Ficus, Coevolution, flight behaviour, mutualism
20-C-3 (11:20)

Predominance of birds over bats as seed dispersers in a Philippine
lowland forest successional area
Regielene S. Gonzales1, Nina R. Ingle2 and Daniel A. Lagunzad1
1
Institute of Biology, University of the Philippines, 1101, Quezon City, Diliman
2
Wildlife Conservation Society of the Philippines, 309 6th A St., Ecoland, Davao City, Philippines
Email: regielene@gmail.com
Seed dispersal and frugivory studies in the Philippines are severely lacking, which is unfortunate
because these studies are needed for conservation and restoration planning and management;
and nowhere else in the world are effective efforts for conservation and restoration more needed
than in this country dubbed as one of the “hottest of the hotspots”. In the present study, seed
traps were used to establish which between the two major groups of frugivorous seed dispersers,
birds and bats, was predominantly responsible for dispersing seeds in an area that had
undergone clearing in the past within the Subic Watershed Forest Reserve (SWFR), a
seasonally dry lowland forest in Luzon Island, Philippines. The traps came in pairs of day and
night traps, and were placed at 0, 20, 40, 60 and 80 m from the edge of a bamboo forest that was
adjacent to the study area. Traps were run for one week per month for six months (Aug 2004-Jan
2005), covering both wet and dry seasons. Day traps were exposed only during daytime, while
night traps were exposed only during nighttime. Times of exposure depended on the time the sun
set or rose during that particular period. Data showed that birds predominated over bats as the
agents of seed dispersal in the study area. The predominance was evident both in the number of
seeds as well as the number of species of seeds, and was more pronounced during the dry
months. However, there were still a number of species, especially Ficus spp., that were
predominantly bat-dispersed. The results of this study have implications for the restoration of
degraded lowland forests in the Philippines, especially the SWFR.
Keywords: dispersal, frugivory, vertebrate frugivores, succession, forest restoration
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20-C-4 (11:40)

Plants dispersed by bats in French Guiana: selection, preferences, and
dietary overlap
Tatyana A. Lobova, Cullen K. Geiselman and Scott A. Mori
Institute of Systematic Botany, New York Botanical Garden, Bronx, New York 10458-5126, USA
Email: tlobova@nybg.org
The undisturbed lowland rain forest of central French Guiana (CFG) is home to 1,918 native
flowering plant species, of which 981 bear fleshy fruits or infructescences. During this
presentation, we describe and analyze the characters of 108 bat-dispersed species that make
11% of fleshy-fruited species in the flora. More than half of the bat-dispersed species are trees
and shrubs with infructescences positioned away from the foliage; fleshy green, yellow, or white
berries; and small seeds dispersed endozoochorously. Nevertheless, there are many species
dispersed by bats that possess features not consistent with the bat-fruit syndrome. The results of
our analyses indicate that, though only 29% of epiphytic shrubs and herbs in the area have
fleshy fruits, these plants are represented among bat-dispersed species significantly more often
than expected by chance, while trees are underrepresented. Almost half of the fleshy-fruited
species in CFG have berries and they are present in the diets of bats more often than expected.
Bats appear to feed on other fruit types with the same frequency as they are represented in the
flora. Among all fleshy-fruited species, the most common colors of the fleshy parts are white,
black, green, orange, red and yellow in decreasing order. In spite of the broad spectrum of
available colors, bats appear to select green, brown or yellow fleshy infructescences/fruits over
others available in the flora. The analysis showed that species of fourteen families are present in
the diet of bats more often than expected by chance. The four most popular bat/plant families in
CFG - Piperaceae, Solanaceae, Moraceae, and Clusiaceae - are also those favored by bats
elsewhere in the Neotropics. Despite some unifying characters among bat-dispersed plants,
there is considerable overlap in the diet of bats and other frugivores in CFG where 42% of
bat-dispersed species are also consumed by primates, birds, opossums, and kinkajous.
Keywords: bat dispersal; bat-fruit syndrome; French Guiana
20-C-5 (12:00)

Phenology and importance of Myristicaceae fruits for hornbills in a moist
evergreen forest of Khao Yai National Park, Thailand.
Shumpei Kitamura and Pilai Poonswad
Thailand Hornbill Project, Department of Microbiology, Faculty of Science, Mahidol University,
Rama 6 Road, Bangkok 10400, Thailand
Email: kshumpei@wg8.so-net.ne.jp
Large hornbills are the major consumers of the fruits of many primary forest plants such as
Myristicaceae. In Thailand, there are 13 hornbill species distributed in forested areas and most of
them are known to consume at least one species of Myristicaceae. Long-term studies on feeding
ecology of hornbills during the breeding season were conducted in a moist evergreen forest of
Khao Yai National Park (Poonswad et al. 1987, Kanwatanakid-Savini and Poonswad
unpublished data). In Khao Yai, there are two species of Myristicaceae: Knema elegans and
Horsfieldia amygdalina and four species of hornbills: great hornbills (Buceros bicornis), wreathed
hornbills (Aceros undulatus), brown hornbill (Anorrhinus austeni) and Oriental pied hornbills
(Anthracoceros albirostris). The breeding season of larger hornbill species (B. bicornis and A.
undulatus) starts in January and lasts until May, and that of the smaller species (A. austeni and A.
albirostris) starts in February and lasts until May. The peak of the fruiting of both K. elegans and
H. amygdalina occurs in the middle of the breeding season of hornbills and all four species are
observed to consume fruits of K. elegans and H. amygdalina (Poonswad et al. 1998). The
contribution of Myristicaceae fruits as hornbill diets during the breeding season is relatively small
(less than 5% for all four species) compared with those of Ficus spp. (22-57%) and Polyalthia
spp. Our results indicated that the fruiting of these Myristicaceae is not limiting factors for the
breeding of hornbills in Khao Yai. However, the diversity and the abundance of Myristicaceae
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gradually increased from north to south in Thailand and therefore the importance of
Myristicaceae fruits as hornbill diets might be different in southern Thailand where at least 13
species of Myristicaceae sympatrically distributed.
Keywords: frugivory, hornbills, Horsfieldia, Knema, seed dispersal
20-C-6 (12:20)

Ecological repercussions of extirpating mammals: reduced seed removal
and dispersal of the Afrotropical tree, Antrocaryon klaineanum
(Anacardiaceae)
Benjamin C. Wang, Misha T. Leong, Thomas B. Smith and Victoria L. Sork
Center for Tropical Research & UCLA - Dept. of Ecology and Evolutionary Biology, 21 Charles E.
Young Dr. South, Los Angeles, CA 90095-1606 USA
Email: bcw@ucla.edu
Throughout the African tropics, populations of mammalian seed dispersers are being driven to
local extinction by intense hunting pressure. We compared two rainforest sites in southern
Cameroon - one site with heavy hunting pressure and one site protected from hunting - to
appraise the loss of mammalian seed dispersal agents and to assess the impact of this loss on
seed removal and dispersed seed arrival beneath the crowns of Antrocaryon klaineanum
(Anacardiaceae), a tree dispersed almost exclusively by mammals. Surveys of arboreal
frugivores in 1999 and 2004 indicate that 5 of the 7 monkey species, as well as chimpanzee and
gorilla, have been effectively extirpated from the hunted forest site. During analogous surveys in
the protected forest, we found high densities of these primates. Seed counts in quadrats
underneath A. klaineanum adults in the two forest sites (6 trees per site) indicate seed removal is
severely reduced in the hunted forest: the quantity of seeds under trees in the hunted forest was
significantly higher than in the protected forest. Finally, using 7 microsatellite markers, we
assayed leaf tissue from 12 fruiting “mother” trees (6 trees per site) and endocarp tissue from
133 seeds collected under the canopies of those trees (~11 seeds/tree). Using the genotypes
from the maternally-inherited DNA of the seed endocarps, we used maternity exclusion analysis
to determine whether any seeds beneath a tree did not come from the putative mother above
and thus were dispersed in from elsewhere. Of the seed coats assayed, 53 from the hunted
forest and 48 from the protected forest yielded confirmed genotypes for at least 3 loci. In the
hunted forest with reduced mammal dispersal agents, all but one (2%) of the seed coats
matched the mother. By contrast, in the protected forest, 20 of the 48 (42%) seed coats did not
match the mother and were determined to be from dispersed seeds. These results demonstrate
that in the forest with reduced mammalian dispersal agents, seeds were removed away from the
trees significantly less than in the protected forest. Furthermore, in the protected forest, we found
evidence for seed dispersal through the presence of seeds that did not come from the maternal
tree overhead, with almost none of these dispersed seeds in the forest with reduced dispersal
agents, thus establishing a critical link between the loss of dispersal agents and the loss of
dispersal.
Keywords: hunting pressure, seed dispersal agents, mammals, frugivores
20-C-7 (14:30)

A comparative study of fruit traits in Myristicaceae and their associated
frugivores-granivores in a Malaysian rainforest
Masatoshi Yasuda and Shingo Miura
Kyushu Research Center, Forestry & Forest Products Research Institute, Japan 4-11-16
Kurokami, Kumamoto 860-0862 Japan
Email: yasuda@mammalogist.jp
The Myristicaceae plant family in Malay Peninsula is composed of 53 species and 4 genera
(Gymnacranthera, Horsfieldia, Knema, and Myristica). The fruits and seeds are rather uniform
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throughout the family. The fruit is a round-to-oblong and single-seeded capsule, yellow, red or
brown at maturity, sometimes hairy. It splits into two halves that expose the single large hard
seed covered with a red, pink, orange, or yellow, waxy or fleshy aril. Myristicaceae seeds in Asia
and New Guinea are known to be dispersed by large frugivorous birds, including fruit pigeons,
hornbills, cassowaries, and birds of paradise (Ridley 1930, Corlett 1998). Germination is usually
completed within 100 days, but some species of Knema take as long as 200 or even 300 days.
We carried out a frugivory study using camera traps on the forest floor in a tropical lowland
rainforest, the Pasoh Forest Reserve, Peninsular Malaysia (Yasuda et al 2005). All parts of the
Myristicaceae fruits including aril, endosperm, and, in some species, fleshy fruit wall were eaten
by mammals. The main ground-dwelling consumers were primates (Macaca nemestrina and
Presbytis femoralis) and porcupines (Hystrix brachyura and Trichys fasciculata). Primates eat
succulent / fleshy large-sized fruits (H. superba and H. Sucosa) whereas porcupine favoured
non-fleshy medium-to-large-sized fruits (M. cinnamomea, M. maingayi, M. elliptica, K.
hookeriana, and K. Scortechinii). Nutrient analysis of the fruit of some selected species revealed
that both aril and endosperm of the porcupine-favored fruits were rich in fat and energy. We
additionally carried out a direct observation of fruiting Myristicaceae trees in daytime. We often
observed that arboreal squirrels (Callosciurus spp.) fed on the aril of the fruits in the tree,
sometimes carrying a whole fruit in their mouth off the mother tree for later consumption. Though
the evidence is too limited to draw a conclusion, we expect that, in degraded tropical rainforests
where large frugivorous birds have disappeared, the remaining fruit consumers of Myristicaceae
shown above can contribute to at least short-distance seed dispersal within the forests.
Keywords: primates, porcupines, squirrels, treeshews, Malaysia
20-C-8 (14:50)

Frugivores of Myristica dactyloides in southern India – do mammals
control recruitment?
H. C. Chetan and T. Ganesh
ATREE, 659, 5th A main, Hebbal, Bangalore 560024, India
Email: tganesh@atree.org
Fruits of Myristica dactyloides, a rainforest tree in south India, are eaten by canopy and ground
dwelling mammals. In this study we estimated seed predation and seed removal rates in the
species to determine its relationship with regeneration of the species in a mid elevation
evergreen forests in the Western Ghats of India. Fifty percent of the mammals damaged the
seeds. Spatial variation in post-dispersal seed predation by the spiny dormouse varied between
0% and 90%. Recruitment was strongly influenced by temporal and spatial variations in
dormouse seed predation.
Keywords: seed predation, recruitment, Western Ghats, vertebrate
20-C-9 (15:10)

Frugivory in Virola michelii and V. kwatae in French Guiana
Ratiarison, S. and P.-M. Forget
Museum National Histoire Naturelle, MNHN, USM 301, CNRS 5176, 4 ave Petit Chateau,
F-91800 Brunoy, France
Email: pmforget@yahoo.fr
Consumer visitation and seed fate in tree crowns was studied in two nutmeg (Virola spp.)
species at Nouragues, French Guiana. Results are compared with data from the literature in
Panama, Peru, and Equator. Overall, spider monkeys (Ateles paniscus) were the main primate
consumers in Virola at all sites but one, Panama. Difference in visitation between monkeys and
toucans is likely related to seed size and aril:seed volume ratio, or to level of past disturbance.
Consequences for seedling shadow and recruitment are emphasized.
Keywords: frugivory, toucans, spider monkeys, seed removal, seed dispersal, Nouragues
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20-C-10 (15:30)

Some aspects of a tropical two-phase seed dispersal system: primates and
dung beetles
Ellen Andresen and Gabriel Ponce-Santizo
Centro de Investigaciones en Ecosistemas, Universidad Nacional Autónoma de México, Antigua
Carretera a Pátzcuaro 8701, Col. Ex-Hacienda de San José de la Huerta, Morelia C.P. 58190,
Michoacán, México
Email: andresen@oikos.unam.mx
Two-phase seed dispersal or diplochory systems are characterized by the fact that the vectors of
primary and secondary seed dispersal are different. An example of such a system in tropical
rainforests is given by the interaction of tree seeds with primates as their primary dispersers, and
dung beetles as their secondary dispersers. Several aspects directly related to the primates’
behaviour have the potential of influencing the post-dispersal fate of dispersed seeds, in
particular secondary seed dispersal by dung beetles. Here we present data on some of these
primate-related aspects, namely: dung presence, dung amount, dung type, and defecation
patterns (seed and/or dung densities).
We found that seed predation rates are higher when dung is present, and when it is in higher
densities. The same number of seeds was buried by dung beetles, in clumped versus scattered
defecation patterns, but more seeds were buried when they were inside large dung-piles versus
small piles. Seed density had no effect on rodent or dung beetle behavior. Dung type (as
determined primate species) had a significant effect on secondary seed dispersal by dung
beetles. For many plant species, seeds buried by dung beetles have a greater probability of
seedling establishment than seeds not buried. Thus in this system, as has been proposed for
diphlochory systems in general, the primary and secondary dispersal vectors seem to provide
different advantages to the dispersed seeds: escape and/or colonization by primates, and
directed dispersal by dung beetles. Primates are very important primary seed dispersers in
tropical rainforests, defecating thousands of viable seeds of many tree and liana species. On the
other hand, dung beetle communities are very abundant and diverse in these ecosystems, and
the dung of herbivorous animals is a preferred food source. Consequently most studies focusing
on primate seed dispersal, in particular when seed dispersal quality is to be assessed, ought to
evaluate the possibility of secondary seed dispersal by dung beetles.
Keywords: diplochory, dung beetles, primates, seed dispersal

20-C-11 (15:50)

Nut predation and dispersal of Tanoak Lithocarpus harlandii (Fagaceae)
Zhishu Xiao and Zhibin Zhang
Institute of Zoology, Chinese Academy of Sciences, Beisihuanxilu 25, Haidian District, Beijing,
100080, China
Email: xiaozs@ioz.ac.cn
Much attention has been paid to the dispersal biology of the oak species (Quercus) in Fagaceae
Family, while the tanoaks (Lithocarpus) are less well studied. Like oak species, tanoak species
produce large nuts (e.g. nuts of harland tanoak Lithocarpus harlandii up to 7 g in this study),
which serve as food for many animals and may also be potentially dispersed by scatter-hoarding
animals (e.g. rodents). In a subtropical evergreen broadleaved forest in the Duiangyan Region of
Sichuan Province, Southwest China, we quantified pre- and post-dispersal seed fate of Harland
tanoak (L. harlandii), and also identified main pre-dispersal seed predators and post-dispersal
seed predators (including potential seed dispersers) for nuts of Harland tanoak. In addition, how
tanoak species evolved to defend against seed predators and attract seed dispersers is also
discussed in relation to oak species.
Keywords: pre- and post-dispersal seed fate, tanoak, oak, Fagaceae
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20-C-12 (16:40)

Differentiation of seed hoarding among sympatric rodent species in two
forests of China
Lu Jiqi1,2, Jinrui Cheng1,2 Zhishu Xiao1 and Zhibin Zhang1
1
State Key Laboratory of Integrated Management of Pest Insects and Rodents, Beijing 100080,
China
2
Institute of Zoology, Chinese Academy of Sciences, Beisihuanxilu 25, Haidian District, Beijing,
100080, China
Email: zhangzb@ioz.ac.cn
Because it is difficult and often impossible to distinguish dispersal, consumption and caching of
tagged seeds among different rodent species in the field, the differences of sympatric rodent
species in affecting seed fates and forest regeneration are often unknown. To understand the
different impact of four sympatric rodent species on seed fates of three sympatric tree species,
by using semi-natural enclosures, we studied the food hoarding behavior of sympatric rodents on
seeds of sympatric tree species in a subtropical forest in the Dujiangyan Region, Sichuan
Province, and a warm temperate forest in Beijing, China in 2003. For the warm temperate site,
we demonstrated that the three sympatric rodent species showed clear differentiation in food
selection, scatter vs larder hoarding and eating behaviors for seeds of four plant species. The
large field mouse (A. peinsulae) preferred seeds of wild apricot (Prunus armeniaca) and
Liaodong oak (Quercus liaotungensis); white bellied rat (N. confucianus) preferred seeds of
cultivated walnuts and Liaodong oak; David’s rock squirrel (S. davidianus) preferred seeds of
cultivated walnuts, wild apricots and Liaodong oak. All the three rodents showed larder hoarding
of seeds of the four plant species, but only large field mice showed scatter hoarding of wild
apricots, and David’s rock squirrels showed scatter hoarding on Liaodong oak and wild walnut.
Acorns of Liaodong oak with soft seed hulls were more often eaten in situ by all rodent species.
Wild walnut with hard seed hulls and more tannin were less hoarded by all rodent species. The
differentiation of scatter vs larder hoarding behaviors among sympatric rodent species suggested
that sympatric rodents play different roles in regeneration of different sympatric plant species.
Keywords: sympatric rodents, seed hoarding, seed dispersal

20-C-13 (17:00)

Seed dynamics of early and late successional tree species in abandoned
pastures: burial as a mean of evading predation
Ximena Garcia-Orth and Miguel Martínez-Ramos
Universidad Nacional Autónoma de México, Ant. Carr. a Pátzcuaro 8701, Col. Ex – Hda. de Sn.
José de la Huerta. Morelia, Michoacán, México
Email: xgarcia@ate.oikos.unam.mx
Among the strong barriers limiting tropical forest regeneration and restoration in abandoned
agricultural fields is seed predation by animals. In this paper we explored different low-cost
manipulation treatments that may enhance the probability that sowed seeds of native tree
species escape from predation and reach the seedling stage in abandoned cattle rising pastures.
We sowed seeds of two dominant early successional (ES) species with small seeds (Cecropia
obtusifolia and Ochroma pyramidale) and two dominant late successional (LS) species with large
seeds (Brosimum costaricanum and Dialum guianense) in three recently abandoned pasture
fields in Marques de Comillas, Southeastern Mexico. ES species were sown in groups of 50
seeds under three treatments: protected from invertebrates, buried, and completely exposed to
predators. LS species were sown in single and groups of ten seeds combined with the same
treatments used for ES species. We registered seed removal after 2, 4, 8, 16, 32, and 64 days
from initial sowing date. Overall, ES species were removed faster than LS species in all
treatments and sites. After 64d, removal of C. obtusifolia seeds was very high (more than 90%)
but the exclusion treatment reduced seed removal in about 10%, although no germinating seeds
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were observed. In O. pyramidale, both burial and exclusion treatments reduced final seed
removal by about 6% compared with that of exposed seeds (85% removal after 64d); these
treatments also enhanced seedling emergence. Burial enabling 10% of B. costaricanum seeds
to escape removal and to transit to the seedling stage; otherwise one hundred percent of the
seeds were removed after 64d, either grouped or isolated. D. guianense was the single species
showing substantial amount of remaining seeds (ca. 20%) after the 64d, but only in the grouped
seed treatments (isolated seeds were removed completely). About 12% of D. guianense seeds
germinated in the burial treatment and no seeds germinated in the other treatments. Our results
show that seed removal varies notably across sites, purportedly due to changes in predator
abundance and identity. We recorded that some species were removed by invertebrates in some
sites and by vertebrates in others. Direct sowing would be a recommended rainforest restoration
practice as long as seeds are deposited in high densities and buried.
Keywords: seed dynamics; succession; invertebrates

20-C-14 (17:20)

Effects of sugar composition and concentration on food selection by
Leptonycteris curasoae (Chiroptera: Phyllostomidae)
Nelly Rodríguez Pena, Kathryn E. Stoner, Jorge Ayala, Jorge E. Schondube and Carlos
Martinez Del Rio
Laboratorio de Ecología y Conservación de Mamíferos Tropicales, Centro de Investigaciones en
Ecosistemas, UNAM, Apartado Postal 27-3 (Xangari), Morelia, Michoacán, 58089 México
Email: nelly@oikos.unam.mx
In the Neotropics bat-pollinated flowers secrete dilute nectars whose sugar composition is
dominated by the hexoses glucose and fructose. To test the hypothesis that bats would prefer
the predominant characteristics of food they usually eat we examined the preference of the
flower-specialist Leptonycteris curasoae (Phyllostomidae) for nectars of contrasting sugar
composition and concentration. The study was conducted in the tropical dry forest in the
Chamela-Cuixmala Biosphere Reserve along the coast in Jalisco, Mexico. In contrast with
previous studies, we used artificial nectars that simulated compositions and concentrations
found in flowers visited by this bat species at our study site. Bats preferred concentrated over
dilute solutions, and when the concentrations were equal they were indifferent. Furthermore,
bats seemed to perceive sugars as energetically equivalent. These results contradict the notion
that sugar preferences of bats are a selective force that has determined sugar composition in
chiropterophilic flowers. These results suggest that other factors than sugar composition
influence preference within diets of Neotropical bats. This study clearly rejects the hypothesis
that animals prefer the sugar that predominates in their natural food items. Bat sugar
preferences do not explain the distribution of sugar in chiropterophilic flowers in the field.
Keywords: chiropterophilic flowers; diet; food choice; Leptonycteris curasoae; Jalisco, México;
nectar concentration; Phyllostomidae, sugar preferences; tropical dry forest .
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Contributed Symposium: Diversity and Functioning of Plants in
Forest Ecosystems
Venue: Meeting Room D, 2nd Floor

Chaired by:
• Dr Robin L. Chazdon, Department of Ecology and Evolutionary Biology, University of
Connecticut
• Ms Susan Letcher, Department of Ecology and Evolutionary Biology, University of
Connecticut
20-D-1 (10:40)

Studies on liana diversity in protected areas of Haroti Region in Rajasthan,
India
Shuchita Jain and Neerja Shrivastava
Government J.DB College, B-7 Talvandi, Kota (Raj) India
Email: neeru_sri2003@yahoo.co.in
Species diversity and density of all woody climbers (lianas) cm gbh were inventoried in three
one-hectare plots (at 650 m, 200m and 100m elevations) in the dry deciduous forest in protected
areas of Haroti region in Rajasthan. In all a total of 75 lianas belonging to 30 species were
recorded. Mean liana density was 100 stems per 1ha. Plots 1, 2 and 3 contained 15, 35 and 25
lianas per 1ha respectively. Their corresponding species richness was 15, 24 and 20. The
number of lianas twining over individual trees ranged from 1 to 3, but majority of the hosts
supported only a single liana. Rutaceae and Papilionaceae were the most species-rich plant
families of lianas followed by Annonaceae, Arecaceae, Caesalpiniaceae, Cucurbitaceae and
Piperaceae. Twiners formed the bulk (>70%) of liana types followed by rattans and root climbers,
while tendril and hook climbers were rare. Greater proportion of individuals was represented in
the lower girth classes in all the plots. There was aggregated distribution of lianas on host trees
in all the plots. Very few liana species showed any kind of association with host trees in the three
plots indicating that the selection of hosts was largely random. This paper stresses the need of
such studies about abundance and distribution of lianas in different protected areas in the
country as well.
Keywords: association,
population-structure.
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20-D-2 (11:00)

Structure and species composition of trees and lianas in seasonally dry
tropical forests of Cozumel Island, Mexico
Pérez-Salicrup, D. R. and Patino Conde, P.
Centro de Investigaciones en Ecosistemas, Universidad Nacional Autónoma de México
Email: diego@oikos.unam.mx
We evaluated the structure and species composition of trees and lianas in seasonally dry tropical
forests of Cozumel Island, off the coast of Mexico. We established 10 circular plots in the central
part of the Island. In each plot we used concentric circles of different area to measure trees and
lianas of different dbh. In a central circle of 100 m2 we measured dbh and height of all trees dbh
5 - 9.9 cm and lianas 0.5 - 1.9 cm, in a circle of 500 m2 we identified and measured dbh in trees
10 - 39.9 cm dbh and lianas de ? 2 cm dbh. Finally, we identified and measured all trees > 40 cm
dbh in a 1000 m2 circle. We found 64 species of trees in 28 families and 30 species of lianas in 8
families. The most important tree families were Fabaceae, Sapotaceae and Rubiaceae. The

118

Program & Abstracts
most important liana families were Bignoniaceae, Rubiaceae y Sapindaceae. Tree density ≥ 5
dbh was of 3110 ± 318.6 ind/ha, with a basal area of 35.5 ± 2.1 m2/ha. Liana density was 4164 ±
579 ind/ha ≥ 0.5 cm DAP, with a basal area of 0.68 ± 0.1 m2/ha. Total biomass was 20.71
Ton/ha, and trees contributed to 94.9 % of it.
Keywords: Cozumel, lianas, trees, diversity

20-D-3 (11:20)

Photosynthetic differences during seasonal drought give lianas a
competitive advantage over trees in a tropical seasonal rainforest
Cai ZQ, Schnitzer SA and Bongers F.
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences
Email: czq@xtbg.org.cn
Lianas are an important component of tropical forests. The abundance of lianas throughout the
tropics increases with decreasing rainfall and increasing seasonality, a pattern that differs from
nearly all other plant types. In this study, we test the hypothesis that lianas are physiologically
more robust than trees during the dry season, thus explaining their relatively high abundance in
seasonal forests. To test this hypothesis, we compared a range of leaf-level physiological
attributes of 18 co-occurring liana and 16 tree species during the wet and dry seasons in a
tropical seasonal rainforest in Xishuangbanna, SW China. Our prediction was that lianas would
have much higher water use efficiency than trees and be able to fix more carbon and thus grow
more during the dry season. We measured the following physiological attributes: net
photosynthetic rate (A), dark respiration (Rd), chlorophyll content (Chlmass), carotenoid to
chlorophyll ratio (Car/Chl), nitrogen content (Nmass), phosphorus content (Pmass),
photosynthetic N-use efficiency (PNUE), and stable carbon isotope values (δ13C). During the
wet season, lianas had significantly higher Nmass (t-test, P=0.044), δ13C (P=0.036) values, and
lower LMA (P=0.023) than trees, indicating that lianas have higher water use efficiency (WUE)
and lower resource investments. However, liana and tree species did not differ significantly in
Aarea (P=0.44), Rdarea (P=0.93), Chlmass (P=0.47), Car/Chl (P=0.52), Pmass (P=0.69), and
PNUE (P=0.67). During the dry season, the average seasonal variation in Aarea and Nmass was
far lower in lianas than in trees, suggesting that lianas fix more carbon and suffer less from water
stress during this season. From the wet to the dry season, average Aarea decreased by 30.1%
in tree species, compared with only 12.8 % in liana species. Nmass, Pmass and PNUE changed
little for lianas, while these factors decreased strongly for tree species. The δ13C, LMA and
Car/Chl values for both lianas and trees did not vary significantly with the season. Our results
support the hypothesis that the ability of lianas to fix carbon during seasonal drought may
contribute to the competitive advantage of lianas over trees in the seasonal tropical forests.
Lianas also had lower costs (LMA) and higher rates of resource capture (WUE in both seasons;
A and PNUE in the dry season) than did trees. Taken together, our results thus support the dry
season growth advantage hypothesis for lianas.
Keywords: photosynthesis, nitrogen-use efficiency, water-use efficiency, seasonal changes

20-D-4 (11:40)

Graphic identification tool applied to plant species
Pierre Bonet, Michel Arbonnier and Pierre Grard
CIRAD – AMAP, PO Box 11953, Vientiane. Lao PDR.
Email: pierre.bonnet@cirad.fr
This project aims at developing graphic identification systems for plant species. The most
advanced system applied to 350 species of trees in West African dry area, will be presented.
This tool will be available on CD-ROMs, and will be transferred on the web-site of CIRAD. The
identification is made thanks to a graphic interface modified by the user that allows identification
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by non-specialists. This identification system is actually applied to tree species of Annamite
Mountains and Orchids of Laos. Trees, shrubs and lianas play a major role in the daily life of
West Africans. The ecological requirements of species and the traditions associated with their
use are thus essential to understand the landscapes modelled by man, and to recommend new
sustainable management strategies. But the mere identification of these species is difficult due to
environmental pressures. The present work is an initiative in the emerging area of biodiversity
informatics. The knowledge base, built according to a tree species identification system named
IDAO (Grard P, 2002) is useful in understanding and assessing the biodiversity of these areas,
as it will provide and facilitate dissemination of scientific and traditional knowledge. The
adaptation of this system to western Africa is based on numerous years of field trips conducted
by Michel Arbonnier, who synthesized them in the flora of “Trees, shrubs and lianas of West
African dry zones.” (1996, 2002). This extensive knowledge base on the tree species in this
region will enhance environment-monitoring capabilities and therefore improve the designs for
sustainable management strategies in the region. The need to assess and monitor the
biodiversity in such areas has only increased over a period of time and has so far been little
aided by modern technologies. So there is a large demand for computer tools that help identify
species and provide taxon information. This tool will access knowledge in botany, ecology and
the uses of 350 ligneous species. Based on a flora which is already widely available, this work
will be illustrated by numerous photos. The species identification system will be drawn from
existing reference herbaria (funding by European grant Synthesys). The multi-access
identification system, based on both vegetative and sexual characters can be used throughout
the year by non-specialists. This tool will thus serve the scientific and non-scientific community in
addition to providing autonomous training to young taxonomists working in this field. It will adapt
to other tropical floras, and we work at present time on a graphic identification tool applied to
endangered Orchid species of Lao PDR which will be presented according to the advance of this
work.
Keywords: biodiversity informatics, taxonomic database, identification tool, West African trees

20-D-5 (12:00)

Tree community assembly in second-growth forests of northeastern Costa
Rica: a long-term permanent sample plot study
Robin L. Chazdon1, Bryan Finegan2 and Braulio Vilchez Alvarado3
1
Department of Ecology and Evolutionary Biology, Unit 3043, University of Connecticut, Storrs,
CT 06269-3043, USA
Email: chazdon@uconn.edu
2
Tropical Agricultural Centre for Research and Higher Education (CATIE); Apartado 93-7170,
Turrialba, Costa Rica
Email: bfinegan@catie.ac.cr
3
Escuela de Ingeniería Forestal, Instituto Tecnológico de Costa Rica, Cártago, Costa Rica
Email: bvilchez@itcr.ac.cr
Snapshots of structure and composition of second-growth forests within tropical landscapes
have been used to infer how tree species accumulate over time. Yet, these snapshots do not
illustrate how species diversity and composition actually change over time. Here we describe
changes in tree community composition over time in eight permanent monitoring plots in
second-growth forests of NE Costa Rica in terms of stem density, species density, species
richness and species composition. Four of the plots were cleared and used for pasture for
several years; these were monitored annually for nine years. Another set of four plots were
cleared and planted briefly and then abandoned; these were followed at irregular intervals over
17 years. Plots were initially 1-25 years old since abandonment, seven of the eight being in the
range 12-25 years (the “older plots”) with a single initially 1 year old plot.
Within plots, tree density showed highly variable dynamics. Density changes in the older plots
varied widely over time; some plots showed no changes in tree density, whereas others showed
decreases or increases. Initial species density varied widely among the older plots and was only
2
partly explained by plot age (R = 0.48) and not at all by previous use category. Species density
and species richness did not increase significantly over 9 years within the four abandoned
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pasture sites. In part, this stabilization of species richness reflects species turnover within plots
and replacement of early colonizing tree species with later recruiting species, with little or no net
change in the number of species. For the pasture sites from 1997–2004, stem turnover rate was
highest (23.2%) in the youngest site compared to 14.9–17.6 in the other three sites. Species
turnover rate was more conservative (3.8–9.3%) and was lowest in the initially 20-yr old plot. In
all four former-pasture plots, rates of stem loss through mortality and stem gain through
recruitment exceeded rates of species loss and gain. Species composition varied widely among
the seven older plots but remained unchanged or highly similar within plots over 8-9 years. The
lack of change over time within plots suggests that forest age is not the major factor leading to
differences in species composition among plots. In the light-use sites, a high rate of species gain
was observed over 17 years in all three of the older plots; in one initially 25 year old plot species
gains were substantial despite no net changes in stem density.
Similarity of tree composition between second-growth and mature forests of the region remains
considerably lower than for tree saplings and seedlings. Despite rapid changes in secondary
forest basal area and structure, tree community assembly in northeastern Costa Rica is a slow
and spatially very heterogeneous process in which long-appreciated assembly rules for forest
succession combine with strong random effects on initial colonization from the taxonomically and
functionally diverse local species pool in the determination of forest characteristics.
Keywords: tropical forest succession, tree diversity, species richness, species composition

20-D-6 (14:30)

Heliconia - Purple-throated Carib (Eulampis jugularis) interaction in the
Caribbean: an example of geographical mosaics in a co-evolving
plant-pollinator system.
Vinita Gowda1 and W. John Kress2
1
Dept. of Biological Sciences, The George Washington University, 2023, G Street, NW, # 340,
Lisner Hall, Washington DC – 20052
2
Department of Botany, MRC-166, Smithsonian Institution, P.O. Box 37012, Washington, DC
20013-7012
Email: gowda@gwu.edu
In the Neotropics, heliconias (Heliconiaceae) are known to co-evolve with their primary
hummingbird (Trochilidae) pollinators. However, very little is known about the nature of the
co-evolutionary interactions across regions for the same species of heliconias and hummingbirds.
We present here our studies to test the geographic mosaic model of co-evolution in the Heliconia
- Purple-throated Carib (Eulampis jugularis) interactions on three Lesser Antillean islands
(St.Kitts, Dominica and St.Vincent). To test this hypothesis we carried out field observations
spanning 6 months in a focal year and quantified visitations of Purple-throated Carib
hummingbirds on the two native Caribbean heliconias (H.bihai and H. caribaea), Purple-throated
Carib visitations on other putative hummingbird plants and on the phenology of H.bihai and
H.caribaea. We confirm that there is a geographic variation in Heliconia - Purple-throated Carib
interaction between Dominica and St. Kitts in the total number of hummingbird species visiting
the Heliconia spp. We also show that H. bihai is significantly pollinated only by female
Purple-throated Caribs while males and females equally visit H.caribaea. The flowering
phenology also suggests that the flowering period of H.caribaea is highly synchronized with the
mating season of the Purple-throated Caribs while H.bihai has a more extended phenology
which probably is an adaptation to support the post-mating season of the Purple-throated Caribs.
Keywords: Lesser Antilles, hummingbirds, neo-tropics, pollination
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20-D-7 (14:50)

Long-term phenology of introduced trees in tropical area, SW China
Song Fu Qiang, Zhang Yi Ping, Xu Zaifu, Yang Qing, Xiao Laiyun and Hu Jianxiang
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, 88, Xuefu Road,
Kunming, Yunnan province, P.R.China
Email: sfq@xtbg.ac.cn
In temperate regions, many plants have responded to the climate warming in the last century.
However, whether tropical plants respond to climate change has rarely been explored. Here, we
explore the phenological exhibition of introduced tropical trees in Xishuangbanna Tropical
Botanical Garden, Southwestern China. About 323 introduced plants were involved in this study.
Linear regression analysis was the common method used. Except fruit ripening, all the
phenophases, i.e. flushing, leaf shedding, flower budding, flowering and fruit setting,
demonstrated one notable peak in the beginning date. The peaks occur in the dry and/or the
beginning of the rainy season. As to the trend of beginning, end and duration of every
phenophase, linear regression proved that the phenology of about 14.4 percent of trees
demonstrated significant phenological shift at the 5 percent level. According to the
commencement date for trees with significant change, only the flushing, leaf shedding and fruit
ripening had prevailing trends, but major trends were not found for flower budding, flowering and
fruit setting. The slope of phenological trend for overall significant change was 1.0-2.7 days per
year, greater than for plants in temperate regions. The phenological shift is greatly correlated
with the climate variables, and the influence of climate is complicated. First, for some plants,
there were other factors besides the climatic variables in the last regression equation, which
might be related to the individuals’ development and their acclimation. Second, more than one
climatic variable influenced the trend. Because they experience the same climate change, we
could conclude that the phenology of the indigenous tropical plants would also change, and the
trend and magnitude of that change would also be difficult to determine because of the influence
of complex climatic factors.
Keywords: phytophenology, climate change, tropical introduced plant, China

20-D-8 (15:10)

Stand structure and species composition of secondary forests in
northeastern Costa Rica
Susan G. Letcher
University of Connecticut, Department of Ecology and Evolutionary Biology, University of
Connecticut, 75 North Eagleville Road, Storrs, CT 06269-3043 USA
Email: susan.letcher@uconn.edu
Tropical secondary forests play an increasingly important role in today’s fragmented landscape. I
examined the species composition and structure of fifteen forest stands on abandoned pastures
in northeastern Costa Rica, ranging from 10 years to old growth. Species richness (calculated by
rarefaction) and stem density were influenced by forest age and the intensity of land use prior to
abandonment. The oldest and least disturbed sites generally had higher species richness, while
stem density showed a less predictable pattern. Species composition varied widely, with the
highest similarity values among old growth stands and the lowest for secondary-old growth
comparisons. Of the 352 species found in the survey (100 lianas, 201 trees, and 51 shrubs and
giant herbs), 72 species were found only in old growth forest. The structure and composition of
regenerating forests depend on a complex interplay of factors. While it is clear that secondary
forests can serve as reservoirs of diversity in the landscape, it may take many years for the
diversity and species composition of old growth forest to recover.
Keywords: secondary forest, species richness, Costa Rica
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20-D-9 (15:30)

Plant biodiversity studies on a Philippine island: current status and
outlook
Gerhard Langenberger
Institute of Plant Production and Agroecology in the Tropics and Subtropics (380b), University of
Hohenheim, 70593 Stuttgart, Germany
Email: langenbe@uni-hohenheim.de
The Philippine archipelago is known as a biodiversity hotspot. At the same time, the area still
covered by primary forest, which is usually assumed to be the centre of diversity, comes to only
ca. 3%. Most of the Philippine forest remnants are to be found in remote areas, such as the
Northern Sierra Madre on Luzon where e.g. Smithsonian′s ‘Palanan forest dynamic plot’ is
located. Since the survival of such forest remnants is the result of a very poor infrastructure,
research is accordingly difficult. Smaller islands and better accessible locations are often
completely deforested and degraded, such as in Cebu or Bohol. Regarding this, the island of
Leyte, located in the central Visayas, is somewhat unusual. It shows a very good infrastructure,
being accessible via speed boat and airplane and developed by a good road system. But, while
its coastal plains show the typical image of a long history of cultivation, its backbone, the Leyte
Cordillera, which traverses the long and narrow island as part of the Philippine Fault Line, still
harbours extensive virgin forest. Thus, at localities where the Cordillera runs near the coast,
densely populated and cultivated areas can be found as well as lowland forest remnants and
even mossy forest within a few hundred meters as the crow flies. This is the result of the
ruggedness of the cordillera which made commercial logging in the past uneconomic. And,
although logging and shifting cultivation are officially banned, the main reason for their low
impact is the difficult terrain rather than the bans. Few historical botanical collections are
documented for Leyte, the earliest dating back to 1837 by Cuming. A systematic study of Leyte′s
vegetation and the Cordillera, respectively, has been started only a few years ago, at the
beginning of the 1990s, by the Visayas State College of Agriculture (now Leyte State University)
and the University of Hohenheim, Germany. Meanwhile, ca. 1,000 vascular plant taxa have been
identified, including some new orchid species, as well as other very rare taxa. They comprise
144 families and 484 genera. These figures still reflect only a very small portion of the Cordillera.
The central part of the Cordillera, which forms a forested valley, remains largely unexplored. The
first documented botanical expedition in 2004 showed a practically monospecific Shorea
polysperma (Dipterocarpaceae) stand in its senescence phase on a slightly sloping plateau. This
was unexpected since S. polysperma is a characteristic species of dry and exposed ridges,
typically occuring on the west-facing foothills of the Cordillera. This observation emphasises the
significance of the area for ecological studies. Currently, the main obstacle in floristic progress is
the lack of a Philippine Flora and the legal constraints in shipping specimens to taxonomists. A
significant threat to the area, which might not be averted even by its ruggedness, is gold mining.
Keywords: biodiversity
20-D-10 (15:50)

Forest vegetation of Southern Yunnan
Zhu Hua
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Xue Fu Road 88,
Kunming 650223, Yunnan, P. R. China
Email: zhuh@xtbg.ac.cn
Southern Yunnan is biogeographically located at a transitional zone from tropical Southeast (SE)
Asia to subtropical East Asia and is at the junction of the Indian and Burmese plates of
Gondwana and the Eurasian plate of Laurasia. The region, though surprisingly far from the
equator and at a relatively high altitude, has a rich tropical flora and a typical tropical rain forest in
the lowland areas. Based on physiognomic and ecological characteristics, floristic composition
and habitats combined, the primary vegetation in southern Yunnan can be organized into four
main vegetation types: tropical rain forest, tropical seasonal moist forest, tropical montane
evergreen broad-leaved forest and tropical monsoon forest. The tropical rain forest can be
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classified into two subtypes, i.e. a tropical seasonal rain forest in the lowlands and a tropical
montane rain forest at higher elevations. The tropical seasonal rain forest has almost the same
forest profile and physiognomic characteristic as equatorial lowland rain forests and is a type of
truly tropical rain forest. Because of conspicuous similarity on ecological and floristic
characteristics, the tropical rain forest in southern Yunnan is a type of tropical Asian rain forest.
However, since the tropical rain forest of southern Yunnan occurs at the northern edge of tropical
SE Asia, it differs from typical lowland rain forests in equatorial areas in having some deciduous
trees in the canopy layer, fewer megaphanerophytes and epiphytes but more abundant lianas
and more plants with microphyll. It is a type of semi-evergreen rain forest at the northern edge of
the tropical zone. The tropical montane rain forest occurs at wet montane habitats and is similar
to the lower montane rain forest in equatorial Asia in floristic composition and physiognomy. It is
a type of lower montane rain forests within the broader category of tropical rain forests. The
tropical seasonal moist forest occurs on middle and upper limestone slopes. It is similar to the
tropical montane evergreen broad-leaved forest in the region in physiognomy, but differs from
the latter in floristic composition. It is a vegetation type on limestone at high elevations. The
monsoon forest in southern Yunnan is a tropical deciduous forest under the influence of a strong
monsoon climate and is considered to be a transitional vegetation type between a tropical rain
forest and savanna in physiognomy and distribution. The tropical montane evergreen
broad-leaved forest is the main montane vegetation type in the region. It is dominated largely by
the families Fagaceae, Euphorbiaceae, Theaceae and Lauraceae. It differs from tropical lower
montane rain forests in its lack of epiphytes and in having more abundant lianas and plants with
compound leaves. It is considered to be a distinct vegetation type from the northern margin of
mainland southeastern Asia, controlled by a strong seasonal climate, based on its floristic and
physiognomic characteristics.
Keywords: vegetation, tropical rain forest, tropical seasonal moist forest, tropical montane
evergreen broad-leaved forest, Tropical monsoon forest, Southern Yunnan
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#7

Tropical mutualism in the community context: extending
mutualisms beyond the framework of pairwise interactions
Venue: Meeting Room A, 3rd Floor

Chaired by:
• Dr M. Hossaert-McKey, Centre d’Ecologie, Fonctionelle et Evolutive, Montpellier, France
• Dr D. McKey, Universite de Montpellier II, France
21-A-1 (08:40)

New investigation in community ecology using figs and fig wasps
F. Kjellberg1, M. Hossaert-McKey1, J-Y Rasplus2, M. Proffit1 and N. Kobmoo1, 2
CEFE-CNRS, 1919 route de Mende, F-34293 Montpellier Cedex 5
2
INRA - CBGP, Campus International de Baillarguet - CS 30 016, F-34988 Montferrier-sur-Lez
Email: finn.kjellberg@cefe.cnrs.fr

1

A community is defined as “an assemblage of species populations which occur together in space
and time” (Begon M., Harper J.L. & Townsend C.R. 1986). Establishing the general rules
underlying community structure is one of the sole tools to access the structure and functioning of
an ecosystem without having to investigate each species. Hence understanding community
structure is central in Ecology.
The hymenopteran communities associated with Ficus provide a formidable tool to investigate
the evolution and functioning of hymenoptera community structure for the following reasons.
1) There are over 700 species of Ficus distributed all over the tropic.
2) Each Ficus species hosts within its figs a community of specific wasps: there are hence more
than 700 totally distinct but comparable communities within which the constituent species are
coevolving.
3) Each community consists of one to thirty species so that the diversity within a community is
reasonable but yet sufficiently complex to be informative and the global species number, about
10 000, can reasonably be handled by modern taxonomists.
4) All these wasps emerge at the same time from figs: complete communities, including
infrequent but widespread species, are easy to sample.
5) These wasps correspond to several independently evolved phylogenetic lineages that have
colonised figs and have then diversified.
6) We have a number of phylogenetically independent groups of communities.
7) Within the same wasp genus it is possible to find gall inducing wasps, inquilines (wasps that
use galls initiated by another species), and parasitoids, showing that there have been several
within-genus transitions in life habit, followed by radiation. Furthermore these transitions are
relatively easy to detect morphologically.
8) Analysing individual Ficus species’ biology and phylogeography provides information on both
current ecological conditions for the community but also on whether the host-fig has had a
history of bottlenecks and of separate, allopatric refugia; hence we have access to current
prevailing ecological conditions for the community, but also to the recent past history of the
communities (measured in tens of thousands of years), notably in terms of opportunities for
allopatric speciation.
9) The Ficus-pollinating wasp community is 80-100 million years old, and the global phylogeny of
Ficus is known. We can therefore analyse a whole range of time scales in terms of the building
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up of communities.
10) Contrasted Ficus biology leads to contrasted ecological and evolutionary conditions for the
associated communities.
In this presentation we will introduce the general biology of these communities, some global
biogeographic aspects and the associated convergent evolution, and a few specific examples,
based mainly on the faunas associated with section Sycomorus on how these communities have
evolved in response to modifications in host biology.
Keywords: community ecology, Ficus, Hymenoptera, coevolution
21-A-2 (09:00)

Anti-pathogen effects of fungal endophytes in roots and leaves of
Theobroma cacao: implications for tropical host plants
Edward Allen Herre1, Luis C. Mejía1,2, Damond. A. Kyllo1, Enith Rojas1, Zuleyka Maynard1,
Andre Butler1, and Sunshine A. Van Bael1
1
Smithsonian Tropical Research Institute, Unit 0948, APO AA 34002- 0948, U.S.A.
2
Department of Plant Biology and Pathology, Rutgers University, 59 Dudley Road, Foran Hall,
New Brunswick, NJ 08901 USA
Email: HERREA@si.edu
We discuss studies of foliar endophytic fungi (FEF) and arbuscular mycorrhizal fungi (AMF)
associated with Theobroma cacao in Panama. Direct, experimentally controlled comparisons of
endophyte free (E-) and endophyte containing (E+) plant tissues in T. cacao show that foliar
endophytes (FEF) that commonly occur in healthy host leaves enhance host defenses against
foliar damage due to the pathogen Phytophthora palmivora. Similarly, root inoculations with
commonly occurring AMF also reduce foliar damage due to the same pathogen. These results
suggest that endophytic fungi can play a potentially important mutualistic role by augmenting
host defensive responses against pathogens. There are two broad classes of potential
mechanisms by which endophytes could contribute to host protection: 1) inducing or increasing
the expression of intrinsic host defense mechanisms, and 2) providing additional sources of
defense, extrinsic to those of the host (e.g., endophyte-based chemical antibiosis). The degree
to which either of these mechanisms predominates holds distinct consequences for the
evolutionary ecology of host-endophyte-pathogen relationships. More generally, the growing
recognition that plants are composed of a mosaic of plant and fungal tissues holds a series of
implications for the study of plant defense, physiology and genetics.
Keywords: endophytic, arbuscular mycorrhizal fungi, pathogens
21-A-3 (09:20)

Scientific and environmental significance of the naturalization of an orchid
bee, Euglossa viridissima in Florida
Robert W. Pemberton and Greg Wheeler
Invasive Plant Research Laboratory, US Department of Agriculture, Agricultural Research, 3225
College Avenue, Fort Lauderdale, Florida 33314 USA.
Email: bobpem@saa.ars.usda.gov
Almost 200 species of orchid bees are the exclusive pollinators of nearly 700 specialized orchids
in the Neotropics. This well-known mutualism involves orchids, called perfume orchids, which
produce species specific blends of floral fragrances, and male orchid bees, which collect and use
these fragrance compounds during their courtship. An orchid bee, Euglossa viridissima native to
MesoAmerica, recently naturalized southern Florida, where perfume orchids are absent.
Chemical analysis of the contents of the fragrance storage organs in the hind tibias of 59 male
bees collected in Florida identified 55 fragrance compounds, including 27 known from the
perfumes of 9 species of E. viridissima’s orchid mutualists in MesoAmerica. This chemical
analysis coupled with field observations indicate that aromatic leaves, such as basil (Ocimum
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basilicum), are important surrogate sources of needed fragrance compounds in Florida. The
bee’s ability to live and become abundant in the absence of its orchid mutualists suggests that the
orchid bee - perfume orchid mutualism may be facultative for the bees, even though it is obligatory
for the orchids.
This invasive bee visits and potentially pollinates the flowers of many plants in Florida. The
female bees are effective buzz pollinators. Experiments with potted plants placed in an area
where they are abundant have demonstrated their ability to pollinate Solanum species which are
native, invasive and ornamental in Florida. Females of E. viridissima also gather the resin rewards
from flowers of two Delachampia species (Euphorbiaceae) and two Clusia species (Clusiaceae)
to construct their brood cells in Florida, as they do in their native region. The bees pollinate both
visited Delachampia species and one Clusia during the process. The environmental significance
of this bee’s naturalization is not yet known but preliminary research indicates that it may develop
a wide range of interactions in South Florida communities with diverse potential outcomes.
Keywords: mutualism, invasion, chemical ecology, pollination
21-A-4 (09:40)

The evolution of myrmecophytism: spatial variation in ant partners and in
chemical composition of ant rewards in the unspecialized myrmecophyte
Humboldtia brunonis
Megha Shenoy and Renee M. Borges
Centre for Ecologcal Sciences, Indian Institute of Science, Bangalore 560 012, India
Email: renee@ces.iisc.ernet.in
We studied the relationship between Humboldita brunonis, ants, and extrafloral nectaries (EFN)
at three sites in the Western Ghats that were matched for altitude and spanned a latitudinal
gradient. Crematogaster dohrni and T. albipes are not species-specific to H. brunonis but they
are common associates of the plant. In contrast, Vombisidris humboldticola appears to be
restricted to Humboldtia. The best ant partner of H. brunonis in terms of protection and patrolling
activity was found to be Technomyrmex albipes and it was present only at the southernmost site,
i.e. Makut.
We examined the utilization of sugars and amino acids by ants, by presenting artificial nectar
solutions to multi-species ant communities in their natural habitat on trees within these three
sites. Since H. brunonis is not a specialist myrmecophyte, it interacts with different assemblages
of ants in the different sites. Also, it is locally abundant in the Western Ghats and the EFN that it
produces is probably one of the most important sources of nectar for ants in the region. Results
indicate that dominant ant species at each site show a strong preference for sucrose and may
out compete less dominant ants in access to this sugar. The non-dominant ants tend to distribute
themselves equally across the other tested sugars. All ant species tested showed greater
utilization of solutions containing essential amino acids. We also found considerable difference in
EFN concentration and compositions of H. brunonis in the three sites as well as a difference
between the EFN of flower buds and leaves. The EFN of flower buds was found to be much
richer in sucrose and more concentrated when compared to that of leaf EFN. This has not been
reported for any ant-plant before, and this pattern held true for all three sites. Why should the
plant allocate more sugars and that too, of the most utilised kind, to flower bud EFN than to leaf
EFN? This is consistent with the idea that floral resources are more valuable to the plant in terms
of reproductive success and therefore the strategy of the plants is to provide a more attractive
nectar resource near the flowers than on the leaves in order to ensure greater patrolling
behaviour of the ants at the flower buds than at the leaves. It should be noted that EFN
production at the flower buds of each inflorescence shuts down once the first flower bud of the
inflorescence opens. Thus, although floral FEN is richer than leaf EFN, the cessation of EFN flow
from the inflorescence once the flowers begin to open ensures that ants are not present at the
flowers when pollinators are visiting the flowers. Ant presence at flowers has been previously
shown to intimidate pollinators. It was also found that preferred amino acids were present in the
EFNs of all sites. However, there was also considerable intra-individual variation in EFN
properties within a site. Causes for this variation are being evaluated.
Keywords: evolution, myrmecophytism, chemical composition
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21-A-5 (10:40)

Effects of habitat fragmentation on mixed-species bird flocks in rainforests
of the southern Western Ghats
Sridhar Hari
Wildlife Institute of India, Post Bag #18, Chandrabani, Dehradun – 248001, Uttaranchal, India
Email: irahom@yahoo.com
Mixed-species bird flocks, a common feature of most forested habitats around the world, are
mutualistic associations through which participating species derive foraging or anti-predatory
benefits. These associations reach their greatest complexity in tropical rainforests (Powell 1989),
characterized by year-round occurrence (Develey & Peres 2000), stability and multi-species
territoriality (Munn & Terborgh 1979, Powell 1979, Jullien & Thiollay 1998), strong associations
between species (Graves & Gotelli 1993) and obligate flock participants (Munn & Terborgh 1979,
Jullien & Thiollay 1998). There is also evidence to suggest that mixed-species flocking could
have been an important driving force in the evolution of life history traits of rainforest birds
(Jullien & Clobert 2000) and for the diversification of rainforest avifaunas (Powell 1979). Given its
crucial role in structuring rainforest bird communities, it is important to understand the effects of
processes such as habitat fragmentation on rainforest mixed-species flocks of birds. In this study
I describe the trends in mixed-species flocking across nine rainforest fragments ranging in area
from 11 ha to 2600 ha and identify the best predictors of these trends among fragment area,
altitude, habitat structure and the local bird species pool. Three rainforest fragments within the
Indira Gandhi wildlife sanctuary (IGWLS; 10° 12￠ - 10° 54￠ N and 76° 44￠ - 77° 48￠ E)
and six on adjoining private land were chosen for the study. The elevation of the fragments
ranged from 785 to 1380 m and matrix types included plantations of tea, coffee and Eucalyptus,
other natural vegetation types, and water bodies. I surveyed each fragment for mixed-species
flocks, from morning (ca. 08:30 hrs.) to late afternoon and recorded the number of species and
individuals seen within 20 minutes of encountering a flock. Across nine fragments, I encountered
245 mixed-species flocks containing approximately 7750 individual birds of 87 species (including
16 winter migrants. Fragment flock participant richness was strongly related to overall bird
species richness in the fragment suggesting that flocks are relatively unspecialized groupings of
birds here, unlike those in the neotropics (Munn & Terborgh 1979, Jullien & Thiollay 1998). This
is reinforced by the fact that as many as 87 out of 109 species recorded in the study area
participated in flocks. The strong relation between flock composition and community composition
of fragments suggests that the differences in participation of species in flocks between fragments
are largely a reflection of the differences in their densities. Habitat structure (indexed by PC1)
was the most important determinant of flock structure measures (species richness and flock size).
The participation of such a high percentage of species in mixed-species flocks suggests that
they are an important component of the Western Ghats rainforest bird community. This study
demonstrates that the fragmentation and alteration of rainforest habitat has important effects on
flocks in the Western Ghats. Given the fact that species often play specific roles in mixed-flocks
even subtle changes in flock composition such as the loss of a single species could greatly affect
flocking overall. Other changes in composition such as differences in relative contributions of
different functional guilds as seen here could affect measures of flock dynamics such as flock
movement rates and stability. More detailed studies involving mist-netting and banding of
mixed-species flocks such as those conducted in the neotropics (Munn & Terborgh 1979, Jullien
& Thiollay 1998) are a priority to unravel species roles in flocks and understand the trajectory of
change in flocks caused by habitat disturbance.
Keywords: mixed-species flock, rainforest, Western Ghats, habitat fragmentation, bird
community
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21-A-6 (11:00)

Patterns of frugivory across a rainforest bird community in Australia
Cath Moran, Carla Catterall and Ronda Green
Rainforest Cooperative Research Centre, Faculty of Environmental Sciences, Griffith University,
Nathan QLD 4111 AUSTRALIA
Email: c.moran@griffith.edu.au
Patterns of plant selection vary between frugivore species, but we have only limited
understanding of the factors underlying these patterns at the level of a frugivore community.
Plant selection by frugivore species is constrained by their morphological capacity to access and
handle fruits that vary in terms of their size, level of protection and spatial placement in the plant.
Patterns of plant selection by frugivores may also vary with factors such as their level of
dependence on fruit, compared with non-fruit food. Differences between frugivore species in
their selection of plant species have consequences for seed dispersal and forest regeneration in
disturbed landscapes, where the predominant dispersers of the seeds of certain plants may be
uncommon or absent. Using a dataset comprising records of interactions between 41 frugivore
species and over 240 native plant species, we examine patterns of plant species selection by
frugivorous birds in subtropical eastern Australia. We test for relationships between the observed
patterns and bird morphology and level of frugivory. Using data from our surveys of bird species
abundance in isolated rainforest remnants and patches of regrowth relative to extensive forest,
we also predict the consequences of the different patterns of plant species selection for seed
dispersal and forest regeneration in fragmented subtropical Australian rainforest landscapes.
Keywords: fruit, diet selection, large seeds, frugivory level, seed dispersal

21-A-7 (11:20)

Fruit overlap among four sympatric hornbill species at Khao Yai National
Park, Thailand
Chution Kanwatanakid-Savini and Pilai Poonswad
Hornbill Thailand Project, Department of Microbiology, Faculty of Science, Mahidol University,
Rama 6 Rd., Phayathai, Bangkok 10400
Email: chution@hotmail.com
Asian hornbills show a mainly frugivorous diet during the longest part of the year. Due to this high
frugivorous degree of their diet, they assume an important seed disperser role in the ecology of
forest they inhabit. But, detailed observations on their diet during nesting period have highlighted
the fact that they tend to turn to a more omnivorous diet during the second part of their breeding
season. This has been interpreted as reflecting an increase in the needs for protein by the
developing chicks. However, the amount of animal product in their diet varied on a species level.
The study was conducted at Khao Yai National Park, Thailand. The park lies between 14o05’ and
14o15’ N, and 101o05’ and 101 50’ E and covers an area of 2,168 km2. It is located approximately
200 km northeast of Bangkok and covers four provinces: Nakhon Ratchasima, Saraburi,
Prachinburi and Nakhon Nayok. The park contains a large area of mountainous undisturbed
primary tropical evergreen forest that is a part of the Phanom Dongrak range, which lies between
250 and 1,351 m above sea level. This park has the long term hornbill study site project that
provides the useful information of food consumption, food identification, nest history and flocking
information for this study. Since 1986 Khao Yai National Park has seen the development of an
extended study site on hornbills where long term data on nest monitoring and inter-specific
interaction are available. The interest in the site is related to the close sympatric shown by four
hornbill species, namely: great hornbills (Bucero bicornis), wreathed hornbills (Aceros undulates),
oriental pied hornbills (Anthracoceros albirostris) and white-throated brown hornbills (Anorrhinus
austeni). This study will focus on nutritional value and feeding competition among four species of
hornbill in Khao Yai National Park. Moreover, this study aims to explain how those species
coexist in the same area. Once the degree of competition is known, we can investigate which
categories have been evolving to limit this competition. The objectives of our research are to
define the factors influencing food selection on the basis of spatial-temporal availability of
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resources and examining chemical and morphological variation of the chosen food items. In
addition, we have investigated the extent of feeding overlaps between the four sympatric species
and how this influences their relative breeding biology. In the end we have tried to define the
breeding success between the different species in relation to food availability and its quality.
There is the clear significant variation found mainly between wreathed hornbills and the two
species of oriental pied hornbills and white-throated hornbill. Data on fruit morphology during the
breeding and non-breeding season was analyzed by Principle Component Analysis (PCA). The
results showed that hornbills tend to consume smaller fruit with high fat and protein. They
consumed large fruit with high content in calcium and water during the breeding season. Our
results suggested that overall; figs are the major component of their diet. However, due to their
relatively poor nutritional composition, they are not selected over other food types. Fat
consumption during the nesting period appears to be higher in species flying longer distance
(wreathed hornbills and great hornbills) while foraging. Higher animal consumption during
breeding season by white-throated brown hornbill may explain their cooperative breeding
strategy. Nutritional requirement of non-fig appear to be higher during the breeding season than
non-breeding season than non-breeding season as the consequence of the chick development.
Fruit morphology shows a different pattern between breeding and non-breeding season with the
strong overlap.
Keywords: hornbill, food selection, food overlap, Khao Yai National Park

21-A-8 (11:40)

Influence of forest productivity on white-handed gibbons (Hylobates lar) at
Khao Yai National Park, Thailand.
Tommaso Savini
King Mongkut’s University of Technology Thonburi, School of Bio-resources and Technology,
Conservation Ecology Group, Bangkok, Thailand
Email: tommaso.sav@kmutt.ac.th
In a three year ecological study on seven white handed gibbons’ groups conducted at Khao Yai
National Park, Thailand, we have tried to explain the role of forest productivity in the shaping of
gibbon social variability, including their reproductive performances. Forest productivity was
defined by combining a food abundance index, defined by the spatio-temporal distribution of
important gibbon food sources, with a biomass coefficient quantifying fruit production on a kg per
ha base. Spatial distribution of resources was measured over 20% of each home range by
measuring and classifying more than 20000 trees on an area of approximately 40 ha. Temporal
reproductive status of trees was defined for species comprising 80% of the monthly gibbon diet
(24 fig species and 27 non-fig species). A marked seasonal variation in forest productivity was
found showing higher food availability in the dry and rainy seasons while a lower productivity was
observed during transitional seasons. On a home ranges’ base, significant variation of the per
hectare productivity occurred between each home range meaning that the overall forest that
composes them is different. However, this significant variation disappeared when we look at the
overall home range productivity by compensating for their size. Our model start from the
assumption, later tested, that female reproductive performances are affected by the amount of
resources available. We first tested the relation between home range productivity and the
number of live offspring each study female had; we did not find any correlation, meaning that
female had maximized their reproduction by optimizing their access to resources. High
reproductive performances were hypothesized to be reached by females after increasing their
access to resources. Three main parameters, which could have increase resources availability in
an initially low quality habitat, were investigated: 1) Home range size variation, ranging from 15
to 50 ha, was hypothesized to be the consequence of forest productivity. 2) Group size is
hypothesized to be a direct consequence of resources availability. In order to optimize female
resources access I predict that larger group will be related to higher quality forest while smaller
group will be found in poor quality forest. However such prediction was contradicted by our
results as group size appears to be independent from forest productivity. 3) Gibbon population
shows a flexible mating system with monogamy as the dominant social structure and polyandry
shown in 10% of social units. I hypothesized that this social flexibility was a consequence of
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home range size variation. Polyandry can be explained when, in a poor quality forest, a single
male alone could not first acquire and later defend enough resources for a female to reproduce. I
predict that the time the group spends as polyandrous will increase with the increase of home
range size, itself related to poor resources distribution. The results confirm this prediction,
showing that polyandry is more likely to develop in larger, poor quality ranges. As a conclusion
we can say that forest productivity directly influence the inhabiting gibbon population by forcing
them to indirectly modify their access to resources, in order to guarantee female optimal
reproduction, by increase the size of their home range when forest quality is poor. The increase
of home range size, above a sustainable limit for a single male in a monogamous structure, will
cause the shifting to a polyandrous social structure.
Keywords: white-handed gibbon, forest productivity, social ecology

#9

Reproductive ecology of tropical plants: Disentangle the complex
relationship between physiological and evolutionary factors
Venue: Meeting Room B, 2nd Floor

Chaired by:
• Dr Shoko Sakai, Center for Ecological Research, Kyoto University, Japan
• Dr Kuniyasu Momose, Faculty of Agriculture, Ehime University, Japan
21-B-1 (08:40)

Role of resource level and environmental trigger for reproduction of
tropical emergent tree, Dryobalanops aromatica
Tomoaki Ichie1, Michiko Nakagawa2 And Shoko Sakai3
Faculty of Agriculture, Kochi University, B200 Monobe, Nakoku, Kochi, Japan
2
Research Institute for Humanity and Nature, Motoyama, Kamigamo, Kyoto 603-8047, Japan
3
Center for Ecol Res, Kyoto University, Hirano2, Otsu, Shiga, Japan
Email: ichie@cc.kochi-u.ac.jp

1

We examined the relation between storage resources and the strength of the environmental
trigger for reproduction of tropical emergent tree, Dryobalanops aromatica (Dipterocarpaceae), in
Lambir Hills National Park, Sarawak, Malaysia. In the lowland mixed-dipterocarp forests of
South-East Asia, general flowering is a masting phenomenon involving various species and
families and occurs at irregular intervals of 2 to 10 years at the community level. More than 70%
of emergent trees, represented by family Dipterocarpaceae which dominates the tropical rain
forests of South-East Asia, are involved in general flowering events but seldom reproduce in
other years. Resource limitation and environmental restriction are considered to be main
proximate factors of the general flowering. However, there are few quantitative studies to verify
the relation between these two speculations for reproduction of tropical trees. In this study, we
continually observed climate fluctuation, the resource concentrations in the trees, and
reproductive phenology of 30 individuals of D. aromatica from 2001 to 2005. We recorded mast
flowering and consequent mast fruiting of this species in 2001 and 2004. From our observations,
we concluded that prolonged drought (30-d rainfall total <40 mm) was the most plausible trigger
for reproduction of this species. However, even if they experience sufficient drought as a floral
trigger, not all individuals of a given species joined the reproductive event. As a discussion, we
test the hypothesis that the frequency and intensity of masting of this species may be determined
by storage resource level, thereafter by sufficient drought as a floral trigger.
Keywords: general flowering,
Dipterocarpaceae, masting
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21-B-2 (09:00)

Limiting factors for fruitset of Melastoma (Melastomaceae) in an aseasonal
tropical forest
Tamaki Kamoi , Tanaka Kenzo , Koichiro Kuraji , Kuniyasu Momose
Email: tamaki-k@agr.ehime-u.ac.jp
We aimed to demonstrate that abortion of reproductive organs of a tropical pioneer, Melastoma
malabatricum, is an adaptation to environmental fluctuations at shorter time scales than ever
reported. We measured fluctuations of demand and supply of resources in natural conditions,
and clarified how plants are adapted to those fluctuations through increase and abortion of
reproductive organs. Respiration and transpiration of reproductive organs at various stages were
measured. Growth and abortion ratios of reproductive organs on trees were monitored. Based on
these data, daily demands of carbohydrate and water by reproductive organs at individual levels
were calculated. Using data of photosynthesis of leaves and solar radiation measured every ten
minutes, daily photosynthetic productions were estimated. Demands of carbohydrate in each day
by reproductive organs were significantly correlated with total photosynthetic production per leaf
area during the previous one, three and five days, but no correlations were found between
demands for water and rainfall or accumulated radiation. Daily abortion ratios of the population
were also correlated with (demand of carbohydrate on the previous day) / (total photosynthetic
production per leaf area during previous one, three or five days). Some other hypotheses
explaining excess flowers were also tested.
Keywords: excess flowers; resource expectancy; daily resource demand; daily resource supply
21-B-3 (09:20)

The reproductive ecology of an Asian dioecious fig tree
SG Compton, N Suleman and S. Raja
Faculty of Biological Sciences, University of Leeds, Leeds LS2 9JT, UK
Email: s.g.a.compton@leeds.ac.uk
Ficus montana is a small dioecious fig tree from South East Asia and is pollinated by the fig wasp
Liporrhopalum tentacularis. Functionally male fig trees produce pollen-carrying fig wasps, while
female plants produce only seeds and are effectively traps for any pollinators that visit them. A
population of the plant and its pollinator are maintained in glasshouses in the UK. Here, we
describe the fruiting patterns of male and female plants and how they ‘manage’ their wasps to
achieve reproductive success. Specifically, we ask why the wasps do not avoid female plants,
and why they pollinate them.
Keywords: Ficus, fig wasps, dioecy, pollination
21-B-4 (09:40)

The joint evolution of mating system, life form and seed size among
neotropical rainforest species: cross-species and phylogenetic analyses
Susan J. Mazer and Steven M. Vamosi
Department of Ecology, Evolution & Marine Biology, University of California, Santa Barbara,
California 93106, U.S.A.; Department of Biological Sciences, University of Calgary, Calgary AB
T2N 1N4, Canada
Email: mazer@lifesci.ucsb.edu
Female plants of dioecious species may be predicted to produce larger seeds or more seeds
than females of hermaphroditic species because the former do not allocate resources to male
function. We examined the relationship between seed size, life form and mating system among
hundreds of rainforest plant species native to the Tambopata Wildlife Reserve in southeastern
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Peru. Cross-species analyses indicate that dioecious species (N = 201) produce significantly
larger seeds than perfect-flowered (N = 629) or monoecious species (N = 99); and trees (N = 475
species) and lianas (N = 125) produce significantly larger seeds than shrubs (N = 165 species),
vines (N = 65) and herbaceous species (N = 76). Within life form categories, dioecious species
produced significantly larger seeds than hermaphroditic and/or monoecious species in lianas
and shrubs, but not in trees (p < 0.066) or vines (P > 0.56). Among herbaceous species,
monoecious species produced significantly larger seeds than perfect-flowered species. We also
conducted phylogenetically independent contrasts (PICS) to determine whether evolutionary
transitions between hermaphroditism, monoecy, and dioecy were associated with evolutionary
changes in seed size within and across life forms. In spite of the strong cross-species
associations, these paired contrasts failed to detect correlated evolutionary transitions between
mating system and seed size.
Keywords: seed size, comparative method, dioecy, mating system, phylogenetically
independent contrasts
21-B-5 (10:40)

Sex allocation and pollen limitation in an andromonoecious shrub,
Calliandra haematomma (Fabaceae), on San Salvador Island, Bahamas
Beverly Rathcke
Dept. of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, MI 48109-1048
USA
Email: brathcke@umich.edu
Pollen limitation of seed set has been found to be relatively common in plant populations,
contradicting Bateman’s prediction that female fitness should be limited by resources rather than
mating. However, andromonecious species, i.e. species with male flowers and hermaphroditic
flowers on the same plant, would seem unlikely to be pollen limited given their male-biased sex
ratios (hermaphroditic flowers have both male and female function). Self-compatible plants are
also less likely to be pollen limited. The shrub, Calliandra haematomma var correllii (Fabaceae),
on San Salvador Island in the Bahamas is andromonoecious and plants are self-compatible. The
red “shaving brush” inflorescences have an average of 11 florets. In the study population, 77% of
the inflorescences had only male florets, 93% of the total florets were male, and the pollen:ovule
ratio was 1176. Smaller plants were more male-biased, and some were male-only as predicted
by size-dependent sex allocation theory. Despite the strong male bias and self-compatibility, fruit
set of larger shrubs was highly pollen-limited. Fruit set of inflorescences augmented with either
cross-pollen or self-pollen was over twice that from natural pollination. Although Bahama
Woodstars (an endemic hummingbird) were frequent flower visitors, they appear to be ineffective
pollinators. Visits by Bananaquits were infrequent, and the few insect visitors appeared to be
nectar thieves, rather than pollinators. The strong male bias in this plant population may reflect
selection from ineffective pollinators as well as shrub size.
Keywords: andromonecy, hummingbird pollinators, island pollination, pollen limitation, sex
allocation
21-B-5 (10:40)
Community-Level Plant Reproductive Traits of an Azonal Tropical Forest, Southwest China: I.
Sexual Systems and Ecological Correlates

Xinsheng CHEN
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Yunnan 666303, China
Email: cxsme@163.com
Unlike the seriate lowland rainforests in SE Asia, the tropical vegetation of Xishuangbanna (SW
China) developed in habitats with comparatively lower temperatures and precipitation. Consequently,
although most of the families and genera of the flora are components of tropical ecosystems, many
have reached their distribution limits both in latitude and altitude. Selection pressures on sexual
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systems in these environments may be different from that experienced in lowland tropical regions.
Here, we examine the sexual systems of 685 species of flowering plants belonging to 109 families
and 356 genera based on 42 plots with a total area of 15.4 ha. Among these species, 60.6% were
hermaphroditic, 14.3% were monoecious, and 25.1% were dioecious. At the generic level, 64.3%
were hermaphroditic, 21.1% were dioecious, and 12.4% were monoecious. Monoecy was
significantly associated with the tree growth form, dry fruits, and was relatively common in seasonal
forest vegetation. Hermaphroditic species produced larger flowers and were more commonly
represented among herbs and climbers than trees. Dioecy was significantly associated with small
flowers. The frequency distribution of sexual systems at Xishuangbanna was similar to that of
lowland dipterocarp forests of Malaysia, but had a higher proportion of dioecy compared with
tropical forests of North Australia, and Barro Colorado Island of Panama, and with the restinga of
Brazil. The frequency of monoecy did not differ significantly with that of Neotropical floras, but is
lower than that of tropical North Australia. The Euphorbiaceae, Fagaceae, and Moraceae accounted
for ca. 50% of the monoecious taxa. Sexual systems involving unisexual flowers (dicliny) are
particularly well represented in the tropical forests of Xishuangbanna accounting for 39.4% of all
species surveyed. This pattern may be associated with the prevalence of relatively small
inconspicuous flowers in the tropical forests of SE Asia and their correlation with diclinous sexual
systems generally.
Keywords: dioecy, monoecy, seasonal forest, montane forest, dry fruits, small flowers

21-B-6 (11:00)

Reproductive phenology of tropical trees producing favored and less
favored seeds by rodents
Kyoko Hamamoto, Erna S. Poesie, Suwido L. Limin, and Kuniyasu Momose
Graduate School of Agriculture, Ehime University 790-8566, Matuyama, Ehime Japan
Email: momose928s@hotmail.com
The relationship between seed productivity of plants and seed predator was studied with
reference to mast-fruiting. It is the phenomenon that plants produce a large amount of seeds in
long interval of more than one year, hypothesizing that its ultimate factor is predator satiation.
We aimed to discover the relation between seed predation and plant reproductive schedules
more generally, not restricted to the phenomenon of mast fruiting and predation satiation
hypothesis. Moreover, in previous studies, only examples in which seed predation affects plant
reproductive schedules have been reported, and comparative studies have not conducted. To
compensate these points, two additional principal indices, potential seed predation rate and
favorite seed index, were introduced. The first index was obtained from examination of setting
model seeds indicating the percentage that seeds are damaged by seed predators if plants with
seeds having least chemical and physical defenses produce seeds in a certain period in a certain
forest. The second index was obtained from examination of setting preserved wild seeds
indicating which species have higher risks of predation. Plant species were categorized
according to ones with favored or less-favored seed based on this index. In addition to the above
two examinations, seed productivity and small mammals’ population as the principal terrestrial
post-dispersal seed predators was investigated. Ground water level data was added as the
limiting factor of predators’ activity. The peat swamp forest in south Borneo where fauna are kept
relatively contained was chosen for this study site.
Potential seed predation correlated negatively with seed productivity of species in favored seeds
group and ground water level. The species with high favorite index produced seeds
synchronously in the period when the potential seed predation rate was low, while the fruiting
periods of the species with low favorite index were more diffused. The seed productivity period of
each species with higher favorite index coincided more strictly with the period of low potential
seed predation rate. According to these results, it was suggested that plants of which seeds were
preferred by predators produced seeds escaping post-dispersal seed predation phenologically.
The strategy was, however, different with predation satiation that explained in mast-fruiting
phenomenon. In this forest, seed productivity was not as large as in the period of mast-fruiting
but seeds succeeded in escaping from predations. The plants species whose seeds were
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favored by seed predators synchronized their seed productivity in the period when terrestrial
predators were prevented from searching seeds due to flooding of the forest floor. We
succeeded in discovering this new relationship between the seed predators and seed
productivity of plants due to introduction these two new indices.
Keywords: seeding phenology, favorite index of seed, potential seed predation rate, Borneo,
peat swamp forest
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Epiphyte diversity – global patterns, global change
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21-C-1 (08:40)

Global diversity of epiphytes
Jürgen Nieder and Wilhelm Barthlott
Nees-Institute for Biodiversity of Plants, Meckenheimer Allee 170, 53115 Bonn, Germany
Email: jnieder@uni-bonn.de
Epiphytes, i.e., non-parasitic plants growing on host plants, are highly conspicuous elements of
the flora throughout the wet tropics and often occur in great abundance, particularly at higher
elevations. About 10% of all the plant species world-wide are epiphytes. Epiphytism can be
found in 84 angiosperm plant families, and the largely epiphytic Orchidaceae are by far the most
diverse of all plant families. But this impressive diversity is threatened: climate change and
conversion of tropical forests for agricultural use affect epiphytic plants in the canopy in two ways:
by altering the microclimate of growing sites and by changing the structural basis of the epiphytic
existence. Epiphyte diversity is usually reduced in secondary forests, but isolated remnant trees
can for some time preserve a selection of forest epiphytes. The future of epiphyte diversity will
depend on the conservation of natural forests and the integration of forest fragments in
landscapes altered by man.
Keywords: diversity, epiphytes
21-C-2 (09:00)

Remnant large ‘rescue’ trees enhance epiphyte resilience to
anthropogenic disturbance of pine-oak forests in the Highlands of Chiapas,
Mexico.
Jan H.D. Wolf
Universiteit van Amsterdam / Stichting Het Kronendak, Institute for Biodiversity and Ecosystem
Dynamics (IBED), P.O. Box 94062, 1090 GB Amsterdam, The Netherlands.
Email: wolf@science.uva.nl
I studied vascular epiphytes in 16 pine-oak forest fragments within a 400 km2 relatively flat area
at c. 2300 m elevation on an extended gradient of anthropogenic disturbance. Epiphyte biomass
and species richness on 35 oak host trees in six diameter classes varied between the sites from
0.8 to 243 kg and from 13 to 34 species. Forest disturbance, measured as the proportion of
sprouted oaks, had an expected negative effect on the epiphyte biomass and alpha diversity per
ground surface area, and also per 35 oak host trees (ANCOVA, P<0.001 with tree-size attributes
as the covariates). Stands which had previously been clear-cut were c. 25 years later structurally
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similar to old-growth forest, but still poor in epiphytes. Presumably, colonization from outside the
forest fragment is a slow process. This is also suggested by the observation that epiphytes
showed resilience to disturbance in fragments that were previously selectively logged to spare
large trees, evidenced by the tree trunk diameter frequencies at present. Such remnant ‘rescue’
trees are essential for epiphytes that require the presence of accumulated suspended soil and
may also serve as a nearby epiphyte seed source for the re-growing trees. Anthropogenic
disturbance also forces a shift from mesic- to more drought tolerant species. Hence, disturbance
exerts an influence on the regional distribution of epiphytes. Environmental variables, including
disturbance parameters, explained c. 25% of the variation between the sites, but a similar
amount of variation could entirely be attributed to the geographic position of the sites in the
landscape. Nearby fragments are more similar in epiphytes, using Raup & Crick’s similarity
coefficient, than distant sites (Mantel’s r=0.44; P=0.002) and I postulate that this relates to the
species composition of the seed rain, again viewing the development of the epiphyte community
from a dispersal assembly perspective. In the Highlands of Chiapas, pine-oak forests are an
important source of timber and fuel for subsistence purposes. This vital function is not likely to
change in the near future. To help preserve the diverse epiphyte vegetation it is recommend to
abstain from periodically clear-cutting and in particularly to spare large ‘rescue’ trees when
logging in order to boost epiphyte colonization. Also, is seems wise to address epiphyte
conservation at large spatial scales such as per physiographic region.
Keywords: autocorrelation, conservation, dispersal limitation, forest management
21-C-3 (09:20)

Epiphyte diversity and biomass of epiphytes in a montane moist evergreen
broad-leaved forest at Xujiaba region, Ailao Mts, S W China
Wenyao Liu and Haiqing Xu
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Science, Kunming, Yunnan
650223, P. R. China
Email: liuwy@xtbg.ac.cn
Epiphyte diversity as well as distribution and composition of epiphytic biomass were investigated
based on 80 host trees in a montane moist evergreen broad-leaved forest at Xujiaba region,
Ailao Mts, south-western China. Epiphyte diversity totalled 69 species in 49 genera and 33
families: 17 species were pteridophytes in 5 families; 15 species were angiosperms in four
families; 20 species were mosses in 11 families; and 17 species were liverworts in 7 families.
The bryophyte epiphyte species mainly distributed on the trunks, while the vascular epiphyte
species were in the tree crowns. The total biomass of epiphytes of the forest was 10.68 t·ha-1, in
which living epiphytes and dead organic matter occupied 44.4% and 55.6% of the total epiphytic
biomass, respectively. Epiphytic biomass suspended on branches (6.67 t·ha-1) was higher on
trunks (4.01 t·ha-1). The composition and distribution of epiphytic biomass at different canopy
height were different. At the basal of canopy between 0-10 m, the main epiphytic components on
the stems were bryophytes. On the middle of the forest canopy from 10-20m epiphytic ferns
increased greatly, and shared the dominance with bryophytes. At the top of the canopy over 20m
in height the dead organic matter accounted for higher proportion of the epiphytes. A significant
positive relationship was found between trunk size and epiphyte biomass. The host trees with
higher epiphyte biomass were Lithocarpus xylocarpus, Castanopsis watti, L. chintungensis and
Schima noronhae in the forest.
Keywords: biodiversity, biomass, epiphytes, montane moist evergreen broad-leaved forest
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Diversity comparison of non-vascular epihytes in natural forest and on
cacao plantations in Sulawesi
Simone Goda Sporn and Stephan Robbert Gradstein
University of Goettingen (GAUG), Department of Systematic Botany, Untere Karspuele 2, 37073
Goettingen, Germany
Email: godaSporn@web.de
Throughout the tropics, natural forests are increasingly transformed into cultivated systems.
Agroforestry systems have been identified as one of the world’s most diverse cultivated habitats
and are therefore frequently proposed as an important resource in the conservation of tropical
biodiversity. Tropical rainforest trees are host to the functionally important and highly diverse
group of epiphytic plants, which also persist in cultivated habitats. We used bryophytes to study
the impacts of rainforest conversion and agroforestry management on epiphytes. The study was
carried out in Central Sulawesi, Indonesia, a major hotspot for biodiversity but also a region with
high deforestation rates. Epiphytic bryophytes were sampled from upper and lower canopy trees
in the forest sites and from cacao and shade trees in the agroforestry systems. Species richness
from the lower forest canopy and from cacao trees did not differ but species composition
revealed a dramatic turnover. This reflects the strong microclimatic change from the sheltered
forest lower canopy to the exposed cacao trees in agroforestry systems, and also correlates with
higher homogeneity of epiphytic bryophyte assemblages in the agroforestry systems. With
regard to functional traits of epiphytic bryophytes, agroforests are sustainable systems of high
conservation value. However, the function of the studied agroforestry systems as a possible
refuge for forest bryophyte species is low.
Keywords: epiphytes, Indonesia, natural forest, agroforest, cacao, biodiversity

21-C-5 (10:40)

The influence of seed-dispersal on the composition of epiphyte plant
communities
Alfredo Cascante-Marín1, Jan H.D. Wolf2, J. Gerard B. Oostermeijer2 and Hans den Nijs2
1
Museo Nacional de Costa Rica, Departamento de Historia Natural, apartado 749, 1000 San
Jose, Costa Rica
2
Institute for Biodiversity and Ecosystem Dynamics (IBED), Universiteit van Amsterdam, PO Box
94062, 1090 GB Amsterdam, The Netherlands.
Email: hnatural@museocostarica.go.cr
Understanding the mechanisms that regulate the local diversity of epiphytic plants constitutes a
requisite for their conservation. By studying epiphytic bromeliads in a Neotropical montane area
in Costa Rica, we concluded that the diversity and community composition among successional
forest habitats (secondary vs. mature) was not strictly determined by the seedling establishment
ability (i.e. niche-assembly perspective) of the species. By undertaking field experiments on
seed-dispersal, germination and seedling survival, we found evidence for limited dispersal (i.e.
dispersal-assembly perspective) as an important determinant of species presence and
recruitment rates. Furthermore, the seedling recruitment of the species was associated with
differences in additional life-history traits that affect their reproductive success: species with a
higher abundance of young individuals had a higher reproductive turnover. The mainly
short-distance dispersal range of the wind-borne seeds, along with a high tendency to inbreeding
is likely to increase the genetic differentiation among populations and reduce the intra-population
level of genetic variation. The preservation of local seed sources can promote the restoration of
local epiphytic communities after conversion of the natural forest habitat.
Keywords: epiphytes, community composition, forest regeneration, dispersal-limitation
21-C-6 (11:00)
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Diversity of epiphytes across a gradient of human disturbance in an
interandean dry forest, Ecuador
Florian A. Werner & S. Robbert Gradstein
Albrecht-von-Haller Institute of Plant Science, University of Gittingen
Untere Karspüle 2, D-37073 Gittingen, Germany
Email: florianwerner@yahoo.com
We present a first study on effects of disturbance on dry forest epiphyte assemblages. Our
objective was to analyse patterns and determinants of epiphyte species composition, richness
and density across a gradient of human disturbance. Field work was carried out at Bosque
Protector Jerusalén in the interandean Guayllabamba drainage of northern Ecuador (2300 m
a.s.l., 530 mm prec./an.). Epiphytes on 110 trees of the monodominant Acacia macracantha
were sampled in six different habitat types. These included mature mixed forest, mature acacia
forest, semi-closed secondary acacia forest, mature forest edge, and isolated trees in pasture
with high and low exposure to dust respectively. Mature forest types did not differ significantly
from each other in terms of floristic composition, species richness and density, nor did isolated
trees with high and low dust exposure respectively. In fact, species density of vascular epiphytes
did not differ significantly between any of the habitat types. Bryophyte density, on the other hand,
was greatly reduced on isolated trees. Secondary forest communicated between isolated trees
and mature forest in terms of bryophyte density, richness and floristic composition. Surprisingly,
mature forest edge showed lower species richness and density than secondary forest and
greater floristic affinity to isolated trees than to mature forest. Species density was strongly
correlated with crown closure. Distance to forest had no significant effects on species density of
epiphytes on isolated trees. We conclude that microclimatic deteriorations act as key-factor for
the observed impoverishment of epiphyte assemblages following disturbance. We further
conclude that epiphytic cryptogams are excellent indicators of micro-climate and human
disturbance in montane dry forests.
Keywords: disturbance, diversity, dry forest, edge effects, epiphytes
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Do genetic differences in growth and defense contribute to the success of
an invasive plant species?
Evan Siemann1, Jianwen Zou1, William E Rogers2 and Saara DeWalt3
1
Rice University, TX A&M University , College Station, TX US
2
Clemson University, Clemson, SC USA
3
Dept. of Ecology and Evolutionary Biology, Rice University, Houston, TX 77005
Email: siemann@rice.edu
Exotic plants may have greater vigor in their introduced ranges. One cause of such a pattern
may be a genetic shift in resource allocation from defenses to growth in response to chronically
low levels of herbivory (EICA Hypothesis). We have been able to show such genetic differences
for Chinese Tallow Tree (Sapium sebiferum) in comparisons between its native (China) and
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introduced (United States) ranges. In 2003, we initiated field experiments in Texas USA, Hawaii
USA and China in which introduced and native genotypes were grown with and without herbivore
suppression. We predicted that introduced genotypes would outperform native genotypes in
Texas where herbivory would be low and non-selective and the cost of defense would determine
plant success. We predicted that native genotypes would outperform introduced genotypes in
Hawaii, where high densities of Asian herbivores are present, and in China because introduced
genotypes would suffer high amounts of damage. We predicted herbivore suppressions would
allow introduced genotypes to outperform native genotypes when damage levels are low. After
two growing seasons, results have supported predictions for herbivore damage but introduced
genotypes have outperformed native genotypes at all sites in all conditions. This suggests that
the levels of damage necessary to limit Sapium success may be higher than anticipated and
plant traits are more important in determining plant success than originally predicted.
Keywords: EICA, invasions, herbivory, biogeography

21-D-2 (09:00)

Multiple paternity in a natural population of a wild tobacco fly, Bactrocera
cacuminata, assessed by microsatellite DNA markers
Simon Song, Richard A.I. Drew, Jane M. Hughes
Centre for Riverine Landscapes, Australian School of Environmental Studies, Griffith University,
Brisbane, Australia
Email: simon.song@griffith.edu.au
Mating frequency has important implications for patterns of sexual selection and sexual conflict
and hence for issues such as speciation and the maintenance of genetic diversity. Knowledge of
natural mating patterns can also lead to more effective control of pest Tephritid species, in which
suppression programmes, such as the sterile insect technique (SIT) which work best when wild
females are monogamous, are employed. Multiple matings of females will compromise success
of SIT. We investigated the level of polyandry in a Brisbane population of the tropical fruit fly,
Bactrocera cacuminata using seven polymorphic microsatellite loci. We genotyped the offspring
of 22 wild-caught gravid females to determine the number of males siring each brood with the
program Gerud2.0. Our data showed 22.7% of females produced offspring sired by at least two
males. Paternal contributions of double-sired broods were skewed with the most successful male
siring between 76.9% and 87.5% of the offspring. These results have implications for SIT,
because the level of remating we have identified compounds the risk that wild females will mate
with one or more resident fertile males.
Keywords: fruit fly, mating systems, microsatellites, multiple paternity

21-D-3 (09:20)

Carbon cycle of southeast Asian tropical forests
Liang N., Okuda T., Kosugi Y., Matsuo N., Takanashi S., Okubo S., Tani M., Rahim A. Nik,
Philip E. and Fujinuma Y.
Global Carbon Cycle session, CGER, National Institute for Environmental Studies, Onogawa
16-2, Tsukuba, Ibaraki 305-8506, Japan
Email: liang@nies.go.jp
Forests are important in the global carbon cycle because they store more than 55% (359 Pg C)
of the global carbon stored in vegetation and more than 45% (787 Pg C) of that stored in soils.
Exchange of carbon with the atmosphere through photosynthesis and respiration are sources of
atmospheric carbon when they are disturbed by human or natural causes and become
atmospheric carbon sinks during regrowth after disturbance. Tropical forests cover only about
7% of Earth’s land surface, however, they have high net primary production (NPP), and have the
largest carbon pools on Earth (59% and 27% of global forest vegetation and soil C), and
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therefore play a pivotal role in the global carbon cycle. Relatively small changes across the
tropical forest biome may have large effects on the global carbon cycle, and hence the rate and
magnitude of climate change. Therefore, understanding the role of the terrestrial tropics as an
accelerator or buffer of the rate of climate change via additions and subtractions to the
atmospheric CO2 pool is essential. However, tropical forests are the least understood,
particularly for that in Southeast Asia. On the other hand, between 1985 and 1990, 85 million ha
(about 14%) of tropical forests were destroyed, with the shifting of land use change for timber
extraction, pasture, permanent agriculture and agroforests. The drivers of land-use change, in
particular deforestation, are a complex mix of political, economic and climatic factors. In short,
the demand for land that is currently tropical forest to be converted to other uses is expected to
remain high, keeping carbon emissions high. This presentation will show the changes of carbon
stock and cycle of Malaysian tropical forests based on observation at Pasoh primary forest,
which is a key tower site within the AsiaFlux network. We measured CO2 flux over the canopy by
the eddy covariance method. We also used the chamber technique to partitioning the CO2 flux
and compared them with the biometric approach. Annual net ecosystem production (NEP) of 7.6
tC/ha/y estimated by eddy covariance method obviously overestimated NEP, probably due to the
eddy covariance method significantly underestimating ecosystem respiration (Re) under poor
mixing conditions such as the calm nights. However, the corrected NEP of 1.6 tC/ha/y
(synthesized Re with the chamber technique) was relatively consistent with the NEP that was
estimated by the biometric approach.
Keywords: biomass, carbon cycle, CO2 flux, land-use change, soil respiration

21-D-4 (09:40)

SALT OVERLY SENSITIVE 6 encodes a novel cellulose synthase-like
protein and is required for osmotic stress tolerance in plants
Jianhua Zhu, Eugene A. Nothnagel and Jian-Kang Zhu
Department of Botany and Plant Sciences and Institute for Integrative Genome Biology,
University of California, Riverside, CA 92521 USA
Email: jianhuaz@ucr.edu
Soil salinity is a severe and increasing constraint on the productivity of agricultural crops. It has
been estimated that about 20% of the irrigated cultivated land and almost 50% of all irrigated
land are affected by salinity (Rhoades and Loveday, 1990). Thus, understanding the molecular
basis of salt stress signaling and tolerance mechanisms is critical for developing rational
breeding and genetic engineering strategies for salt tolerant crops. Forward genetic screens
using a root-bending assay have identified previously several salt overly sensitive (sos) mutants,
i.e. sos1 to sos5. Loci defined by these mutations are required for the regulation of ion
homeostasis. Here we report the isolation and characterization of a new sos mutant, sos6-1.
sos6-1 plants were hypersensitive to NaCl, KCl, but not to LiCl. Furthermore, the sos6-1 plants
were also hypersensitive to general osmotic stress imposed by mannitol or polyethylene glycol
(PEG). Map-based cloning revealed that SOS6 encodes a cellulose synthase-like protein.
sos6-1 mutant plants accumulate higher levels of reactive oxygen species (ROS) under osmotic
stress and sos6-1 plants were hypersensitive to the oxidative stress reagents methyl viologen
(MV) and H2O2. The results suggest that SOS6 and related cell wall components may control
osmotic stress tolerance by regulating ROS levels in plant cells.
Keywords: osmotic / drought stress tolerance, crops
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Presence of adjacent grasses enhances while 14NH4+– addition to receiver
pines reduces 15N movement between paired pine saplings in a California
pine forest
Xinhua He, William R. Horwath, Caroline S. Bledsoen and Robert J. Zasoski
Department of Land, Air and Water Resources, University of California at Davis, One Shields
Avenue, Davis, California 95616 USA
Email: huahe@ucdavis.edu
Nutrient movement in common mycorrhizal networks (CMNs) has often been demonstrated but
its significance in the field remains uncertain. In addition, the mechanism of transfer is not well
understood. Previously, we have demonstrated movement of 15N between ectomycorrhizal pine
(Pinus sabiniana) trees. In that study, arbuscular mycorrhyzal (AM) plants surrounding
ectomycorrhizal (EM) trees received an equivalent amount of 15N from the donor tree,
suggesting root exudation is an important transfer mechanism. In a follow-up experiment, we
removed the grass vegetation between donor and receiver trees to test the hypothesis that more
15N would move between trees in the absence of grasses. We performed the following
treatments: 1) 15N application to donor pine needles in the presence or absence of grasses and
2) with or without 14N application to receiver pine needles. We found that receiver pine needles
d15N values (462‰) growing in the presence of grasses were significantly greater compared to
receiver trees (320‰) growing in the absence of grasses. Receiver pine roots in the presence of
grasses also became significantly more enriched (42‰) than pine receiver roots (29‰) in the
absence of grasses. The 14N application to the receiver tree reduced 15N movement from tree
to tree regardless of the presence or absence of grasses. Grasses appeared to facilitate the
transfer of N between trees in all the four treatments. The movement of 15N to grass roots when
present, expressed as concentration, was similar to the receiver pine roots. The movement of N
from a pine rhizosphere and common ectomycorrhizal network to a common arbuscular
mycorrhyzal network suggests that root and/or hyphal leakage is an important process that
cycles N in the rhizosphere. Our results indicate that root exudation may be an important indirect
transfer and reallocation mechanism of N and other nutrients among plants and diverse common
mycorrhizal networks. Our research has important implication for nutrient movement between
plants in terrestrial ecosystems.
Keywords: d15N, AM, common mycorrhizal networks, EM, grass, N transfer, paired pines

21-D-6 (11:00)

Regulations on soil respiration by below-ground processes in a
subtropical moist forest in Yunnan, China
X. M. Zou, L. Q. Sha, Z. M. Tang, Z. L. Feng, J. H. Chen, J. Z. Li, W. T. Feng, Y. Fu, X. D.
Yang and Y. H. Liu
Xishuangbanna Tropical Botanical Garden, The Chinese Academy of Sciences, 88 Xuefu road,
Kunming, Yunnan 650223
China; Institute for Tropical Ecosystem Studies, University of Puerto Rico, PO Box 21910, San
Juan, PR 00931-1910, Puerto Rico
Email: xzou2000@yahoo.com
Temperature sensitivity of soil respiration was assumed to be independent of biological
processes. We examined the influences on soil respiration and its temperature sensitivity by
below- and above-ground carbon and nutrient inputs and plant water and nutrient uptake through
a tree girdling, root trenching, and litter removal experiment in a subtropical evergreen
broad-leaved moist forest in the Ailao Mountains of Yunnan, China. Our data showed that (1) soil
respiration was more than twice as high in the growing season between April to September
(5169 mg/m2/d) as in the non-growing season between October and March (1956 mg/m2/d), (2)
Tree girdling reduced soil respiration in the growing season by 20%, while had little influence in
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the dry season, (3) Trenching had no effects on soil respiration during both seasons, and (4)
Litter removal significantly reduce soil respiration in both seasons. These results suggests that
below-ground carbon input can reduce soil respiration in the growing season and consequently
its temperature sensitivity, whereas plant water and nutrient uptake compensates for this
influence on soil respiration in the growing season.
Keywords: below-ground processes, carbon cycling, plant uptake, soil respiration, temperature
sensitivity, Yunnan
21-D-7 (11:20)

How well does geographic distance predict genetic distance in a
widespread Neotropical tree?
Britta Denise Hardesty
University of Reading, United Kingdom
Email: b.d.hardesty@reading.ac.uk
We assessed the population genetic structure of a widespread Neotropical tree species at local,
intermediate, and large spatial scales and tested the hypothesis of isolation by distance for a
vertebrate-dispersed dioecious tree. Across 14 natural populations (N=620 individuals) of
Simarouba amara in Panama, Ecuador and French Guiana, measures of genetic differentiation
(Fst and Rst) indicated significant differences among all but one of the population pairs and
differentiation was moderate across the landscape (Fst=0.22, Rst=0.32). Most of the genetic
variation among populations (94%) resulted from differences among geographic regions.
Unrooted dendrograms based upon genetic distances provide strong evidence of biogeographic
structure across Central and South America for S. amara. Although these results support a
significant isolation by distance effect (P=0.006), the southernmost Panama population is
significantly distinct from all other Panama populations and the coastal Ecuador population is no
more related to sites in Amazonian Ecuador than to those in Panama, though it is in much closer
geographic proximity.
Keywords: Ecuador, French Guiana, genetic diversity, isolation by distance, microsatellites,
Panama, Simarouba amara
21-D-8 (11:40)

Cryptic species - what we don't know might hurt us
David Bickford, David Lohman, Navjot Sodhi and Peter Ng
National University of Singapore, 14 Science Drive 4, Singapore 117543, Republic of Singapore
Email: dbsbdp@nus.edu.sg
Largely due to the advent of molecular techniques and new DNA data, there has been a recent
influx of previously unknown genetic differentiation found in groups not thought to harbor such
diversity. These so called ‘cryptic species’ have changed the way biologists think about
speciation, evolutionary processes, and conservation planning. With more data come both more
power to illuminate diversity and more need for responsibility to use the data appropriately. We
find that although there are significantly more species in the tropics, cryptic speciation has not
yet revealed a tropical bias as predicted. Moreover, many taxa that undoubtedly hide cryptic
species have not been studied, giving an impression that most cryptic species are animals found
in temperate ecosystems. Although current distribution of cryptic species discovery reflects
research biases and probably not the true geographic or taxonomic distribution of cryptic
speciation, the growing number of reports alluding to cryptic species will shed more light on
previously unknown kinds of diversity. Moreover, crytpic species and realistic projections of
unknown diversity need to be included in conservation planning.
Keywords: biodiversity, cryptic species, conservation, SE Asia
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Frugivory and seed dispersal by Paguma larvata (Viverridae, Carnivore) in
the primary forest and degraded forests in Yangtze River valley of China
Zhou Youbing1,2, Zhang Shuyi2 and Chen Jin1
1
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, Yunnan
666303，China
2
Institute of Zoology, Chinese Academy of Sciences, Beijing 10080 China
Email: cj@xtbg.org.cn
Frugivory and seed dispersal by Paguma larvata were conducted in a fragmented habitat at
Yangtze River Valley of China. Fleshy-fruits of 77 wild and cultivate plants with 90.82 in
frequency of occurrence were the main food composition and about 381,385 seeds (66 species,
all wild fruited plants) were defecated by these civets. Although civets had a tendency of
flesh-preferring fruit choice, during our two year study period, their fruit consumption strongly
related to wild fruit plant distribution in different forests and fruit production. The present study
indicated classifying the masked palm civet as a seed disperser, using the terminology of
Herrera (1989) and Reid (1989), is legitimate (they defecated viable seeds). P. larvata not only
dispersed seeds in primary and degraded forests, but also carried seeds from these forests to
new degraded sites; and as a result they accelerated the nature regeneration of fragmented
landscape at Yangtze River Valley of China. A mechanism, which can enhance species richness
and accelerate the natural restoration of degraded forest by civets’ seed defecation, seemed to
be established in the fragmented landscape. Thus the masked palm civet with its role in this
mechanism may be a driver of rapid biodiversity enhancement and forest regeneration on
degraded lands, at least in our present study at Yangtze River Valley of China.
Keywords: frugivory, seed dispersal, Paguma larvata, forest regeneration, Yangtze River Valley
of China.
P-2

Seasonal variation in photosynthesis and chlorophyll fluorescense in
leaves of five mango cultivars in southern Yunnan, China
Nabil Elsheery , B.Wilske and Kunfang Cao
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun, Mengla,
Yunnan 666303, China
Email: nshery@yahoo.com
Mangifera indica L. is originally a canopy layer species in the tropical rainforest of S- and SE Asia.
With more than 23 million tons per year, mango occupies the third place in the total world
production of tropical fruit crops. Nowadays, an increasing contribution of mango production
occurs outside the traditional centers of mango culture, which includes climatic exposures that
are no longer within the optimum growth conditions. While conditions of low precipitation may be
avoided by irrigation, low temperatures may impose stress that can result in physiological
changes, reduced growth, or permanent damage of the trees. China is the second-largest
producer of mango in the world. One of the main areas for mango production in China is
southern Yunnan Province. Here, mango is often exposed to night chilling during the chilly and
dry season. We investigated the effects of seasonal low temperature on photosynthesis,
chlorophyll fluorescence, lipid peroxidation, and membrane leakage in five varieties of mango.
Maximum net CO2 assimilation rates (Pmax) of the five varieties in the chilly season ranged from
8.2 ± 0.5 to 10.7 ± 0.4 umol (CO2) m–2 s–1 in Tainong and Guire7, respectively. The differences in
Pmax between varieties were larger in the chilly season than in the other seasons. The lowered
temperature in the chilly season resulted in a strong suppression of photosynthesis including
chronic photo inhibition. At the same time, carotinoids to chlorophyll ratio, lipid peroxidation and
membrane leakage were increased in all varieties. However, the three varieties Guire7,
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Hongxiangya, and Choke Anand had higher carotenoid to chlorophyll ratios, as well as lower
values of malondialdehyde content and membrane leakage than the varieties Zill and Tainong.
Our results indicated that the varieties Guire7, Hongxiangya and Choke Anand are more chilling
tolerant than both Zill and Tainong varieties and point to the importance of variety selection
relative to chilling tolerance.
Keywords: mango, chilling effect, photosynthesis
P-3

Genetic variation, gene flow, and genetic drift in a plant-pollinator
coevolutionary system in the Caribbean
W. John Kress and Ida Lopez
Department of Botany, MRC-166, National Museum of Natural History, Smithsonian Institution,
P.O. Box 37012, Washington DC 20013-7012, U.S.A.
Email: kressj@si.edu
The sexually dimorphic purple throated Carib hummingbird (Eulampis jugularis), endemic to the
Eastern Caribbean, is the sole pollinator of the two species of native Heliconia found in these
islands. Territorial males visit H. caribaea exclusively and do not visit H. bihai, whereas traplining
females visit both Heliconia species and are the sole visitor of H. bihai. We predict that
sex-specific pollination by hummingbirds with variable foraging behaviors (male territoriality vs.
female traplining) may have differential effects on patterns of pollen movement within and
between populations and therefore the population genetic structure of the two species of
Heliconia. Our preliminary results using isozyme markers suggest higher levels of
within-population gene diversity in female trapline-pollinated H. bihai than in H. caribaea
pollinated by territorial males.
Keywords: genetic variation, gene flow, plant-pollinator coevolutionary
P-4

Design and application of ecological modeling tools for restoration of the
Everglades wetland
Donald L. DeAngelis
U. S. Geological Survey, Department of Biology, University of Miami, Coral Gables, FL 33143,
USA
Email: ddeangelis@usgs.gov
The U. S. Geological Survey's Across Trophic Level System Simulation (ATLSS) Program has
produced a set of models of spatially explicit species index, population demography, and
ecosystem process models, which were designed to evaluate the effects of hydrologic scenarios
on selected Everglades biota. The program also supported field studies that produced data
relevant to model construction and validation. Here we present a brief synthesis of the ATLSS
Program to date, described in five parts. Two major difficulties faced the initial development of
models of Everglades biota. The first was to meet the computational demands for simulating
complex dynamics on daily time steps for 31 years on a 500 x 500 array of 111,000 cells across
the landscape. Another was to develop landscape hydrology at a finer spatial resolution than the
available hydrologic models provided. The first of these challenges required ATLSS to develop
software and hardware approaches for doing large number - crunching that were and still are at
the frontiers of quantitative ecology. Finally, the application of the ATLSS models is described. In
this process complex model output had to be generated quickly to meet deadlines, and it had to
be interpreted and communicated to teams of scientists who were evaluating alternative Restudy
scenarios. Some lessons learned from this complex process are noted.
Keywords: ecological modeling, restoration, Everglades, wetland
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Diversity and succession dynamics in understory herb communities of
lowland rainforests
Jennifer W.C. Sun and Philip W. Rundel
UCLA, Department of Ecology and Evolutionary Biology, 621 Charles E. Young Dr. S., Los
Angeles, CA 90095 U.S.A.
Email: jennysun@ucla.edu
Much attention has been directed to the establishment and development of plants in the
competitive and resource-limited understory of tropical forests. Most studies however, have
focused on woody species, particularly trees, and coincidentally overlooked their herbaceous
neighbors. Here, we examined the floristic composition and structure of broad-leafed monocot
herb communities in a chronosequence of regenerating and old-growth forests in northeastern
Costa Rica. Species richness and percent cover for terrestrial plants belonging to the families
Araceae, Costaceae, Cyclanthaceae, Heliconiaceae, Marantaceae, and Zingiberaceae were
recorded in six 1-ha permanent monitoring plots. Species richness and herb cover were greatest
in late successional forests, though species richness was not significantly more than old-growth
forests which had the highest number of rare species. Forests in earlier phases of succession
had the lowest species richness and herb cover. Overall, Araceae was the most dominant family,
comprising 50 and 28% of the species in early successional and old-growth forests, respectively.
In later successional forests, Araceae and Marantaceae were the most species rich families.
These results, combined with land-use history and physical factors, such as light conditions, may
provide valuable insights into understanding not only the structure and succession dynamics of
herb communities, but tropical forests in general.
Keywords: understory, herbs, Costa Rica, secondary forests, succession
P-6

Diversity and refugee function for indigenous fauna and flora in
anthropogenic influenced habitats in tropical regions: A case study on the
Chagga Home Gardens on Mt. Kilimanjaro, Tanzania
Claudia Hemp1,2 and Andreas Hemp2
1
Dept. of Animal Ecology II, University of Bayreuth, 95440 Bayreuth, Germany
2
Dept. of Plant Physiology, University of Bayreuth, 95440 Bayreuth, Germany
Email: andreas.hemp@uni-bayreuth.de
The former sub-montane forests of the southern and eastern slopes of Kilimanjaro are today
substituted by small coffee-banana plantations, the so-called Chagga home gardens. Since
these cultivated fields still have the structure of a forest, they are a potential refuge for forest
plants and also for animals, which is investigated in this study for grasshoppers, locusts and
katydids (Saltatoria). 62 permanent plots (usually 0.1 ha) were established between 1996 and
2004 in the Chagga home gardens along transects from 800-1800 m and compared with the
other vegetation formations on this volcano on basis of over 1400 plots following the method of
Braun-Blanquet. Saltatoria were recorded by sight, netsweeping, and shaking of trees. Saltatoria:
Due to the forest structure of the Chagga home gardens with a tree, shrub and herb layer, more
than half of the 52 recorded species are forest species, whilst the remainder originate from open
habitats. Moreover, the Chagga home gardens harbour ＞70 per cent of all forest species and
＞50% of the endemic species of Mount Kilimanjaro. Most endemics in the plantations originate
from sub-montane habitats, and contribute 72% of the total number of sub-montane endemics
found in the region. More than half of all endemics from the montane zone are also found in the
Chagga home gardens. Flora: The Chagga home gardens maintain a high biodiversity with
about 520 vascular plant species including over 400 non-cultivated plants. Most species (194)
are forest species, followed by 128 ruderal species, including 41 neophytes. Beside relicts of the
former forest cover, which lost most of their former habitats, there are on the other hand
(apophytic) forest species, which were directly or indirectly favoured by the land use of the
Chagga people. Therefore, the Chagga home gardens act as an important refuge for both
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generalist forest species and endemic fauna. In recent years new coffee varieties have been
introduced to the gardens that are less shade demanding, and tree removal may impinge on the
indigenous Saltatoria fauna and endanger this effective and sustainable system.
Keywords: agroforestry, Orthoptera, East Africa, biodiversity, endemism, conservation
P-7

Landslides in a cultivated landscape: implications for nature conservation
in Germany
Andreas Hemp and Claudia Hemp
Department of Plant Physiology, University of Bayreuth, 95440 Bayreuth, Germany
Email: andreas.hemp@uni-bayreuth.de
In the northern Frankenalb, a calcareous mountain range in Bavaria, Germany, vegetation on
boulder screes was investigated. These boulder slopes originate from landslides, which took
place mainly during the periglacial period but these processes occur even today. On the basis of
over 2000 vegetation plots from this region, vegetation and flora of the boulder slopes were
investigated and compared with the full array of plant communities of this mountain range. In
total 23 plant communities with about 350 vascular plant species and 28 specialized species
confined to this habitat were recorded. This is a quarter of all species occurring in the region. We
regard the boulder screes of the northern Frankenalb as important refugia and sanctuaries as
they harbour relicts of plant and animal species that have survived here from former colder and
warmer macroclimatic regimes during the last ice age and the Atlantic period. Changes of
landscape management practice and grazing regimes in the last 50 years have led to
reforestation on many screes, since only few are naturally free of trees. In order to safeguard the
boulder screes, former land use practices need to be re-instated.
Keywords: boulder screes, glacial relicts, landscape management
P-8

Landslide susceptibility in Northern part of Ailao Mountain area, Yunnan,
China
Wenjun Liu, Youxin Ma, Huabin Hu, Hongmei Li and Hui Zhang
Xishuangbanna Tropical Botanical Garden, CAS, 88 Xuefu Road, Kunming, Yunnan, R.R. China
Email: liuwj@xtbg.ac.cn
The northern part of Ailao Mountain is located at the middle Yunnan, SW China, includes more
than 10 townships of Jingdong County and Shuangbai County. It preserved the largest
middle-mountain moist evergreen broadleaved forest in subtropical China, which is the habitat
for many kinds of rare animal and plants. Some of them are endemic to this area. This area also
acts as the main passage for the bird migration as hundreds of thousands of migratory birds
pass here every year. With deforestation, road construction and other large scale projects over
the last decades, large areas of primary forest have been replaced with agricultural vegetation
and secondary growth, resulting in environment deterioration and potential biodiversity loss.
Natural disasters, such as landslide, which can result in the total destruction of vegetation and
damage to the human settlement, have been an increasing threat to the health of ecosystems
and the safety of the local society and economy. But few studies about the mechanism and
prediction of landslides in this area have been carried out. Small-scale and piece-meal actions
are inadequate to implement conservation of biological diversity. Concern should be shifted to a
broader landscape level approach based on GIS technology. Land cover type is the most active
factor amongst those inducing landslide: such as slope, aspect, stream proximity, cover type and
climate. With the interpreted results of the Landsat TM (ETM) imageries of 1974, 1988 and 2003,
the land use / land cover change trajectory of the area was investigated. Road, stream networks,
cover types and altitudinal distribution were used as major factors for landslide susceptibility
analysis of Northern Ailao Mountain area. Future work will include the latest land cover data
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(interpreted from Landsat TM imageries of 2006) and soil and geology as additional factors to
obtain more accurate results for the analysis. The result could serve as the basic data for local
government and forestry management bureaux to produce effective conservation strategies and
environment friendly land use policies.
Keywords: land use, land cover, 3S, spatial analysis
P-9

Natural and anthropogenic landslides in the tropics: Regeneration and
succession processes and their role for the maintenance of biological
diversity
Rainer W. Bussmann
University of Hawaii, Harold L. Lyon Arboretum, 3860 Manoa Rd., Honolulu, HI 96822, USA
Email: bussmann@hawaii.edu
Landslides are extremely frequent in the tropical mountain regions. Natural landslides and
infrequent fires are the main motors driving diversity maintenance, at least in mid-elevation and
high-altitude forests. All these forest formations tend to shift towards less diverse, and possibly
less stable degenerated secondary forests under heavy human impact. Destruction of roads and
catastrophic events burying houses or even villages are common. Such slides, however, are
usually initiated by human impact, most often by construction projects weakening the
underground and by deforestation accelerating erosion. At some distance from roadsides and
settlements, dense forests still exist. Even in these untouched areas, landslides are a very
common phenomenon. Such natural slides are usually of smaller size than the anthropogenic
slides. Investigations of landslide regeneration are scarce. The presented paper gives a first
comparative overview on the occurrence of, and regeneration processes on natural and
anthropogenic landslides throughout the tropics. Regeneration processes in different tropical
regions show a striking degree of similarity in regeneration stages. The presented data might be
used for the future remediation and management of landslides in the tropics.
Keywords: tropical landslides, regeneration processes, succession, space for time substitution
P-10

Effect of landslides on the diversity of mountain ecosystems on Mt Elgon,
Uganda
Nakileza, B. R
Geography Department, Makerere University, P.O Box 7062, Kampala, Uganda
Email: nakilezab@yahoo.com
Mass movements constitute the main drivers of mountain ecosystem diversity in Uganda. A
study was undertaken to examine the diversity of plants and their role in the restoration process
on the different landslide scars, on Mt Elgon. Data were collected through field surveys and focal
group discussions with the local communities. The findings indicate that the landslide distribution
in the study area is largely controlled by deeply weathered porous soils and steep concave
slopes (>50%). The main triggering forces are the intensive or prolonged rains leading to soil
saturation in excess of shear strength, and human disturbance on steep slopes through
deforestation. Landslides significantly influence the occurrence and distribution of plants. The
re-colonising plant species play a vital role in stabilizing the soils on scars and therefore in the
restoration process of the land slides. This knowledge is important in aiding the local
communities and other stakeholders to restore and utilise the land in a sustainable manner.
Keywords: diversity, restoration, landslide, local community, Mt Elgo
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Effects of shade and mechanic stress on Pteridium aquilinum in sites with
arrested succession in the Lancandon Forest, Chiapas, México.
Penaloza-Guerrero, Cristina and Pérez-Salicrup, Diego R.
Centro de Investigaciones en Ecosistemas, Universidad Nacional Autónoma de México
Email: cpenaloza@oikos.unam.mx and diego@oikos.unam.mx
P. aquilinum is one of the most successful invasive species in the world. This fern has a
cosmopolitan distribution, and it colonizes disturbed habitats. P. aquilinum can create
monospecific patches in areas managed with slash and burn (SB) agriculture, the most
extensively used agricultural system in Mexico. In fields invaded by P. aquilinum establishment
of seedlings of other species is reduced or halted, so secondary succession is severely inhibited.
In tropical areas of Mexico, invasion of P. aquilinum forces farmers to abandon agricultural fields
and open more areas of tropical forest for agriculture. P. aquilinum is difficult to eradicate
because of its persistent underground rhizome and its efficient dispersal of spores. To eliminate
this species in areas where it inhibits forest regeneration, it is important to understand the effects
of treatments on the rhizome, and on the fronds. In this study we evaluated the effects of casting
shade on above and below-ground biomass of P. aquilinum in invaded fields in the Southeastern
Mexican state of Chiapas. The experiment was established in May 2005 and measurements
were made six months after, and will also be made after one year. Before treatments, frond
2
density in the study plots was 15.9 (SE = 4.9) fronds/m . Frond height and litter depth were 178.7
(SE = 33.7) cm and 19.4 (SE = 2.1) cm respectively. Rhizome biomass per volume of soil was
0.064 (SE = 0.039) gr/cm3. The depth of the rhizome was in average 13.5 ± 3.2 cm. In May of
2005, 56% of fronds were reproductive, 20.5% were non reproductive, 8.8% were new fronds
and the remaining were dead standing fronds. Rhizome biomass and the frond biomass were
positively but not strongly correlated (r = 0.431, p<0.01, n = 542), and so were frond height and
depth of litter (r = 0.645, p < 0.01, n = 542). Six months after shade treatment fronds density was
higher in open sites, (FTreatment(Site) = 10.254, g.l.= 2, P<0.05), with density of 23.4 and 19.8
fronds/m2 in open and shaded plots. Frond height was similar in both treatments (FTreatment(Site)
=2.047, g.l.= 2, P>0.05), with a frond height of 120.0 ± 76.2 cm. Six months after the experiment
there were no reproductive fronds, but this is the product of the synchrony of display of
reproductive fronds in the species, and not of the experimental treatment. Based on this data,
we suggest that shading of P. aquilinum can be an effective way to reduce its above and
below-ground biomass.
Keywords: Pteridium aquilinum, shade treatment
P-12

Eradication of feral cats in the nature reserve of Mona Island, Puerto Rico
Miguel A. García-Bermudez and Hana Y. López-Torres
University of Puerto Rico, Facundo Bueso Bldg, Office 301-A, P.O. Box 23360, San Juan PR
00931-3360, Puerto Rico
Email: hlopez0396@yahoo.com
Exotic mammals are the most related cause of some of the worst causes of species extinctions
(Lever, 2004). Predation by introduced mammals has had a significant impact over the native
and endemic species of insular islands. Feral cats have been identified among the 100 worst
invasive species (IUCN, 2002) and its presence in Mona Island, Puerto Rico, represents a threat
to the native fauna. The feral cat population of Mona Island was subjectively estimated in 200
individuals. Residues of reptiles, birds and insects have been collected from gut samples of 7
cats captured during previous studies. This data led to the implementation of a feral cat
eradication program in Mona Island as part of the management program to protect native and
endemic species inhabiting the island. We are currently using 2 capture methods: two-door
traps and shotgun hunting. A total of 103 cats have been captured (15 hunted and 88 trapped)
between January 2003 and March 2006, with a trapping effort of 16,950 hours, averaging 1 cat
trapped every 192 hours. Feral cats in Mona Island have shown a varied diet with reptiles (41%)
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as their main prey, followed by insects (26%), mammals (21%), birds (14%) and crustaceans
(2%). A total of 15 different prey species have been identified from stomach contents (8 endemic,
3 native and 3 exotic species). Residues of the rock iguana Cyclura cornuta stejnegeri, an
endangered iguana endemic to Mona Island, were collected for the first time as part of cats’
stomach contents in 2004. Our results emphasize the need to maintain this eradication strategy
in order to protect native vertebrate diversity on the island. We will continue to evaluate the
effectiveness of our capture methods and the need to implement additional ones.
Keywords: feral cat, Felis catus, exotic mammal effect, Mona Island, introduced mammals on
island, Cyclura cornuta stejnegeri, feral cat predation
P-13

Allelopathy as a major causative factor in the invasive potential of
Parthenium hysterophorus
D.R. Batish1, R.K. Kohli2, J.K. Pandher1 and H.P. Singh2
1
Department of Botany, Panjab University Chandigarh –160014, India
2
Centre for Environment, Panjab University, Chandigarh, 160014, India
Email: rkkohli45@yahoo.com
Parthenium hysterophorus (family Asteraceae), an invasive weed from tropical America, has
invaded almost every part of India, including hilly tracts in the Northwestern Himalayas. Because
of several growth strategies, the weed manages to invade different habitats and affects
vegetation structure by forming monospecific stands and suppressing native plants. This
observation suggests that the weed possesses some mechanism of chemical interference like
allelopathy that give it an advantage. To explore chemical interference, assessment studies were
conducted of its inhibitory potential, nature of allelochemicals and interference of its
allelochemicals with soil nutrients. For this, weed residues collected from natural conditions were
used. Their extracts containing Parthenin, a sesquiterpene lactone and several phenolic acids
were found to be inhibitory to germination and growth of native / naturalized vegetation. Not only
extracts, even residues absorbed into the soil were found to be inhibitory. Soil collected from
weed-infested areas as well as soil containing residues was also found to be rich in phenolic
compounds, which interfere with the growth of other plants. However, the amount of nutrients
was measured to be more in Parthenium soil, ruling out resource competition. Our study
concludes that Allelopathy due to the presence of phenolics in Parthenium residues plays an
important role in its invasive potential.
Keywords: allelopathy, Parthenium hysterophorus
P-14

Within-tree distribution of arboreal ants in a lowland tropical rainforest in
Borneo
Hiroshi O. Tanaka, Takao Itioka and Seiki Yamane
Graduate School for Human and Environmental Studies, Kyoto University, Yoshida, Sakyo,
Kyoto 606-8501
Email: hot@mbox.kudpc.kyoto-u.ac.jp
It is considered that, in the canopy of tropical rainforests, ants occupy the largest part of biomass
of all arthropods and are notably rich in species number. To elucidate how many ant species
share a single tree as habitat, intensive censuses and well-designed field experiments, which
would explore interspecific competition and resource partitioning among species of arboreal ants,
are required in the forest canopy. However, such methods have been rather restricted due to the
technical difficulty in access to the forest canopy, especially to the uppermost layer. Recently,
using the architectures for access to the canopy, we conducted a census on within-tree
distribution of ants and surveyed the spatial structure of canopy trees in a lowland tropical
rainforest in Borneo. From the data, we analyzed the relationship between assemblage of
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arboreal ants and spatial structure of trees. We will briefly introduce the results and discuss
plausible effects of availability of nest resources, such as dead twigs, branch, under-bark debris,
leaves and aerial soil, on patterns in species composition and within-tree distribution of ants on
canopy trees.
Keywords: community structure, foraging area, nest site, tree crown and trunk, canopy tower,
Lambir Hills National Park, Sarawak
P-15

Diversity and horticultural value of Begonia (Begoniaceae) in the
Daweishan Range, SE Yunnan, China
Su-Hua HUANG, Wen-Hong Chen, Yu-Min Shui, Hui-Kun Yuan and Kai-Yun Guan
Kunming Institute of Botany, the Chinese Academy of Sciences, Kunming, Heilongtan 650204,
Yunnan Province, China
Email: ymshui@mail.kib.ac.cn
Six sections and forty-two species of Begonia (L.) are reported in the Daweishan range, SE
Yunnan, China. This paper analyses the relationships between distribution characteristics and
florescence of Begonia plants, and elucidates the reason of abundance of Begonia resource in
this region and the meaning of introducing and domesticating these plants, and evaluates the
value of these wild begonias as ornamentals to this region.
Keywords: Begonia, Begoniaceae, diversity, horticultural value, the Daweishan range, China
P-16

The vegetation of Sulawesi: current status and conservation priorities
Chuck Cannon, John Harting, Agus Salim and Marcy Summers
Texas Tech University, Lubbock, TX, USA; and The Nature Conservancy, Jl. Wijaya XIII No. 9,
Kebayoran Baru, Jakarta Selatan 12160, Indonesia
Email: john.harting@ttu.edu
The Indonesian island of Sulawesi is one of the most poorly known biodiversity hotspots in the
world. Lying just to the east of Wallace’s Line, vegetation communities on the island are the
product of complex interaction among geological and biological processes at the crossroads of
two landmasses separated in time by tens of millions of years. As part of an Ecoregional
Conservation Assessment, we performed a coarse and fine filter analysis of these vegetation
communities to help develop a comprehensive conservation strategy for the entire island. With a
combination of field surveys, herbarium study, collection databases, and remote-sensing
techniques, we report on the current composition, condition and distribution of Sulawesi forests.
We find that human impact on forest condition is uneven across habitats by soil fertility and site
accessibility. Over 50% of forests on infertile ultramafic and karst remain, while less than 5% of
alluvial forests are in good condition. Approximately 20% of lowland areas remain forested as
compared to over 70% in upland areas. A change analysis using satellite images from the last
decade compares differential loss of forest for several biogeographic regions across Sulawesi.
Lowland forests on intermediate and alluvial soils are the most critically endangered but the
scattered presence of only moderately disturbed forests and small pockets of good forest
suggest that a concerted effort to conserve and manage these forests could provide ‘seed’ areas
for the maintenance of these wonderful forests.
Keywords: Sulawesi, ECA, biogeography, conservation, forest change
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Seed dispersal and population structure of Ardisia solanacea
Jin Zhao, Jin Chen and Shaobin Ma
Xishuangbanna Tropical Botanical Garden, the Chinese Academy of Sciences, Mengla County,
Yunnan Province 666303, China
Email: zhaojin@xtbg.org.cn
Ardisia solanacea Roxb. (Myrsinaceae), a shrub or tree, occurs naturally in SW Guangxi, S and
SE Yunnan of China. The goal of this research is to understand the differentiation of seed
dispersal pattern and population structure of A. solanacea between original and disturbed
habitats: Xishuangbanna Tropical Botanical Garden (XTBG) and the Wild Elephant Valley (WEV).
Birds were the primary visitors to A. solanacea at both sites. Among them, Alophoixus pallidus,
Pycnonotus melanicterus and Iole propinqua were the main frugivores. The visiting frequency of
frugivores in XTBG was significantly different from that in WEV. 26% of putted seeds were
possibly removed beyond 10 m far from the fruiting tree in XTBG, while only 4% were removed to
that distance in WEV. Alophoixus pallidus always visited the sampled trees in groups (the
number is 7.35±0.41, N=52), however, Pycnonotus melanicterus (the number is 2.13±0.24,
N=31) and Iole propinqua (the number is 1.88±0.22, N=26) like visiting in pairs. Rodents ate up
most 6% of the seeds, but ants did not remove the seeds in either habitats. Furthermore, 17.9%
of seeds were parasitized by Curculionidae larvae in WEV, but no larvae-parasitized seed was
found in XTBG. The age structure of A. solanacea in XTBG is a growing population but a stable
one in WEV. The Z-value of population in WEV (0.61±0.72) was significantly higher than that in
XTBG (-3.71±1.15). Therefore, the spatial distribution of A. solanacea in WEV exhibits a
separate pattern but in XTBG an assemble pattern. These results suggest that the visiting
frequencies of these frugivores and their foraging behaviour and habitats make a significant
contribution to the age and spatial distribution pattern of A. solanacea.
Keywords: Ardisia solanacea, frugivorous birds, population structure, seed dispersal, seed
predation
P-18

Phylogeny of genus Ficus based on nuclear and cp DNA: inferred to the
seed dispersal syndrome
Jie Tian and Jin Chen
Xishuangbanna Tropical Botanical Garden, the Chinese Academy of Sciences, Mengla County,
Yunnan Province 666303, China
Email: tianjie@xtbg.ac.cn
The phylogeny of genus Ficus (Moraceae) is investigated using the ITS and the trnL-trnF spacer
obtained from 39 species of all 6 subgenera of Ficus. The main results indicate that: 1. the
classification of Berg, C.C (2003) is well-supported by this study; 2. the location of the clade of F.
pumila suggests that the subdivision of the subg. Synoecia may be questioned; 3. F. tikoua
shows close relationship with subg. Sycomorous and it may justifiably be separated from subg.
Ficus, according to our results, which indicate that the position of the figs is one of the important
characteristics for the classification of Ficus. The seed dispersal syndrome is discussed on the
basis of the phylogeny of Ficus in our study.
Keywords: ITS; phylogeny; plant-animal interaction
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Effects of forest types on polypore composition in Sarawak, Malaysia
Satoshi Yamashita, Kuniyasu Momose, Michiko Nakagawa, Takashi Matsumoto, Masahiro
Aiba and Tohru Nakashizuka
Research Institute for Humanity and Nature, Kamigamo-Motoyama 457-4, Kyoto, 603-8047,
Japan
Email: satosi-y@chikyu.ac.jp
Polypore (Aphyllophorales) compositions were compared between rubber plantations,
secondary forests after burning (after about 10years and over 30 years), isolated natural forests
and intact forests in Sarawak, Malaysia. We settled two plots for each forest type, and surveyed
polyporus fruiting bodies and environmental characters. A total of 70 species from 280 patches
were collected during June to September, 2006. Amauroderma subrugosum, Microporus
xanthopus, and Trametes cf. mimites were dominant species in number of patches. In a PCA
diagram, plots with same forest type were plotted in almost the same position except for the
rubber plantations. RDA revealed that polypore composition was significantly affected only by
tree composition, not by other environmental factors, such as the amount of coarse woody debris
or tree basal area. These findings suggest that tree composition may be important in determining
polypore composition.
Keywords: polypore, conk, composition, forest utilization
P-20

Deforestation in the Colombian Amazon 1986-2000
Jorge Ruiz, Wilmar Cardenas, Claudia Baquero and M. C. Fandino
Universidad de La Salle, Departamento de Investigaciones, Carrera 4 B No. 59-28, Bogota, D. C.
Colombia
Email: jruiz@lasalle.edu.co
The Colombian Amazon covers 477,000 km2 that accounts for 41.7% of the country’s continental
platform. The Colombian Amazonian forest is by its area the most important in the country,
accounting for over one half of Colombia’s forest cover. However, little is known about its
dynamics. There are ample intervals between secondary forest and deforestation estimates for
this region. This fact has profound repercussions on the net CO2 national balance. 29 LANDSAT
5 TM images circa 1986 were georeferenced in ERDAS IMAGINE using LANDSAT 7 ETM+ circa
2000 as reference. The mean period between both windows is 14.3 years. A first order
supervised classification was performed in the same software with the following classes: water,
sandstone plateaus, sand, clouds, forest, grass (natural and grown) and crops. From each pair
of images the land cover was extracted, net of clouds for both periods, that is, areas that
appeared without cloud cover in both windows, in order to assess forest dynamics. For this
purpose, the tool “Knowledge Engineer” from ERDAS IMAGINE was used. It was assumed that
areas covered by clouds had identical land cover change as those observed. This process
permits to calculate succession and deforestation in relative as well as absolute terms. Results
suggest that inspite of regions with a succession process of 718 km2, the net result is that more
than 13,500 km2 were deforested, for an annual deforestation rate of 942 km2 or 0.23%. In other
words, between 1986 and 2000 2.9% of the Colombian Amazonia was lost.
Keywords: remote sensing, deforestation, Amazonia, Colombia
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Differences in the dry-mass cost of sapling vertical growth among 56
woody species co-occurring in a Bornean tropical rainforest
Masahiro Aiba and Tohru Nakashizuka
Center for Ecological Research, Kyoto University, Hirano 509-3, Otsu, 520-2113, Japan
Email: aiba@ecology.kyoto-u.ac.jp
1. Aboveground structure was analyzed in saplings of 56 sympatric species in a Bornean tropical
rainforest to elucidate interspecific variation in the dry-mass cost and the ecological
consequences.
2. The extension cost (total aboveground mass) in 1.5 m tall saplings varied considerably among
the 56 species (77 ± 40 g, mean ± SD). Swintonia acuta, the lightest species, supported 34 g of
mass at 1.5 m tall, whereas Barringtonia dolicophylla was most costly and weighed 274 g at the
same height.
3. There were no significant differences in extension cost among saplings of three crown types
(branched, monoaxial simple-leaved, and monoaxial compound-leaved), although the monoaxial
crown type has been considered an adaptation for achieving rapid height growth. The lack of
significant differences arose because the advantages in structural cost for displaying a given leaf
area were unexpectedly small for both types of monoaxial saplings. In addition, the significantly
larger trunk and leaf masses in monoaxial simple-leaved saplings than in other sapling types
made the structure more costly.
4. Understory species had a significantly higher extension cost than canopy species because of
their thicker and, consequently, heavier trunks. This trend was common to the three crown types;
thus, the higher extension cost was not caused by a prevalence of a specific crown type in
understory species.
5. For all 56 species combined, the trade-off between vertical growth efficiency and morphology
enhancing survival in the understory (larger total leaf area/mass and crown projection area and
thicker trunk) was prominent. The trade-off resulted mainly from interspecific variation in the
entire aboveground mass, rather than from disproportional biomass distributions. This structural
trade-off, which makes efficient vertical growth incompatible with survival in the understory,
potentially enables the stable coexistence of these species in a temporally heterogeneous light
environment.
Keywords: allocation, compound leaf, height growth, regeneration, tree form
P-22

Diversity of seedling morphology in Nanjenshan subtropical lowland
rainforest, southernmost Taiwan.
Su-Wei Fan and Chang-Fu Hsieh
Institute of Ecology and Evolutionary Biology, No. 1, Sec. 4, Roosevelt Rd, Taipei, Taiwan
Email: d91226005@ntu.edu.tw
The successful establishment of seedlings after seed dispersal is important to woody species
regeneration in a forest. The morphological and physiological traits of seedlings are involved in
issues of seedling survivorship under dense herbaceous layer. The morphology of seedlings in
Nanjenshan Forest Dynamic Plot (FDP), southernmost Taiwan, was observed and recorded. In
the study area. There are 133 woody species (containing 2 spp. of durian type, n=183) producing
epigeal seedlings and a half of total seedling species (100 spp.) have photosynthetic cotyledons.
The semi-hypogeal and hypogeal conditions, together comprising to only 25% of the seedling
species in Nanjenshan, are a little lower than those of the Malayan typical rainforest (28%).
Among the 133 species with epigeal seedlings, 60 species can grow into the canopy layer and
28 species are shrubs (80% belong to this type). Abundant epigeal seedling species within the
study area may reflect that this forest is subjected to frequent disturbances such as northeasterly
monsoon wind and typhoons which resulted in many small-scale gaps and discontinuing canopy.
In this observation, most seeds of woody species in Nanjenshan lowland forest are in small to
middle size and geminate epigeously no matter what kind of growth forms or habitats they are.
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The seedling leaf structure of 7 woody species, Diospyros morrisiana, Glochidion acuminatum,
Illicium arborescens, Lasianthus sp., Myrsine sequinii, Symplocos theophrastaefolia, and
Tricalysia dubia were examined. The range of height of sample plants in three-true leaf stage is
1.5-4.5 cm. The leaf area (1.85±2.59) and leaf shape (oblong to orbicular) of seedlings are highly
diverse. In the aspect of the structure of seedling leaves, the diameters of vascular bundle in
primary leaves tend to be larger than those in cotyledons and the number of chloroplasts per
section area is greater than in primary leaves. However, the potential of photosynthesis ability
(Fv/Fm ratio) of cotyledons is more constant and a little higher than that of primary leaves of
Illicium arborescens in 3- true leaf stage when growing under low-lit and in nutrient-poor medium.
The leaf morphology and structure between foliaceous cotyledons and primary leaves also
varied among species. The foliaceous cotyledons of Illicium arborescens are thicker than primary
leaf, but only have spongy tissue and small vascular bundles. The micrographs of Diospyros
morrisiana and Symplocos theophrastaefolia showed more complex mesophyll structure in
cotyledons than in primary leaves. However, the mesophyll structure of both cotyledons and
primary leaves in Myrsine sequinii, Lasianthus sp. and Tricalysia dubia are similar. The life spans
of cotyledon are different among species. The cotyledons with short life span are usually oblong
and contain fewer chloroplasts. The role of cotyledons may be different in seedling performance
among species even with the same seedling type. The structure of cotyledons may correlate to
the strategies of seedling establishment.
Keywords: seedling, seedling morphology, Nanjenshan, Taiwan
P-23

Study on Asian elephant in China
Ming-yong Chen 1,2, Zhao-lu Wu 1, Yong-hua Dong 2, De-jun Liu 2, Yan-ping Chen 1,2
1
.Institute of Ecology and Geobotany, Yunnan University. 2# Cuihu Northern Road, Kunming
650091, Yunnan Province, PR of China
2
. Management Bureau of Xishuangbanna National Nature Reserve
Email: zlwu@xtbg.ac.cn
This is a summary of the systemic research on the wild Asian elephant in China. It is
demonstrated that the distribution northern boundary of Asian elephant in China withdrew from
the up reach and middle reach of Yangtze River in 1050 to South and West Yunnan Province in
1830. This wild animal again lost its home in Dehong Prefecture in 1958 and now, with a total
wild population not more than 250, is surviving separately in 4 or 5 districts in Xishuangbanna,
Simao and Lincang. But the conflicts between human and this animal become serious nowadays
because of its population growth. The authors completed their systemic research on the wild
Asian elephant in China based on their research and management, as well as on documents and
information from other sources. The details in Chinese will be published by Science Press in
2006, which includes the origin, change in distribution area, biology, ecology and ethnology,
management, conservation, survey, research and monitoring for this animal.
Keywords: Asian elephant, conflicts, conservation
P-24

Effects of a seasonal leafing on population patterns in herbivorous insects
in a Bornean tropical rainforest
Takao Itioka, Keiko Kishimoto-Yamada, Manabu Yamauti, Masahiro Nomura and Tomoaki
Ichie
Graduate School for Human and Environmental Studies, Kyoto University, Yoshida, Sakyo,
Kyoto 606-8501
Email: itioka@mbox.kudpc.kyoto-u.ac.jp
Effects of new leaf production (leafing) on abundance of herbivores in an aseasonal tropical
rainforests in Borneo was studied using data of light-trapped herbivorous insects, leaf-chewing
insects collected by net-sweeping in the forest canopy, and leafing phenology of the canopy
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trees in a tropical lowland dipterocarp forest in Sarawak, Malaysia. During our study, an event of
severe drought occurred from January to March in 1998, followed immediately by a period of
heavy rain, which caused the community-wide synchronous leafing among canopy trees. At the
rainy period, an abundance of leaf-chewing larvae of lepidopteran insects and their adults was
observed to increase dramatically. Moreover, the density of herbivorous coleopterans on trees in
the forest canopy correlated with the abundance of new (young or immature) leaves on the tree.
Increased abundance of new leaves at the rainy period following the severe drought was
suggested to affect the drastic increases in leaf-chewing insect abundance. Our analyses of the
long-term (c. 10 years) data on population fluctuation of some leaf-species demonstrated that
seasonal or annual patterns in the fluctuation are much weaker than supra-annual patterns. Our
results suggest that population fluctuating patterns that insects show in the wettest parts of
Southeast Asia is rather aseasonal compared to those in other tropical areas and is strongly
associated with aseasonal leafing patterns there.
Keywords: lowland dipterocarp forest, leaf-chewing phytophagous insects, insect-plant
interactions, Southeast Asia, Sarawak
P-25

Australian cave-adapted planthoppers: relics or explorers?
Petra Erbe and Hannelore Hoch
Museum für Naturkunde, Institut für Systematische Zoologie, Humboldt- Universitat Berlin,
Invalidenstr. 43, 10115 Berlin, Germany
Email: petra.erbe@gmx.net
Cave-adaptation, the shift to a life underground, can provide critical information to understand
evolutionary change in general, but the process of cave-adaptation is still not well understood
and is subject of debate. Planthoppers, especially of the family Cixiidae (Insecta: Homoptera:
Fulgoromorpha) inhabited caves in many parts of the Tropics and Subtropics independently.
These evolutionary lineages are ideally suited models to study the concepts of genetic
differentiation and speciation dynamics. One of those planthopper taxa is the Australian genus
Solonaima. This genus is endemic to Queensland and New South Wales and contains epigean
as well as cavernicolous species. The epigean species occur in the rainforest habitats along the
east coast, while the cave-dwelling species are restricted to more arid areas west of the Great
Dividing Range (Chillagoe & Mitchell Palmer Karst and Undara Lava Tubes). This relictous
pattern seems to be due to the extinction of epigean species in the Outback along with the
retreat of suitable habitat starting with the desertification of inner Australia in Miocene. The
observed species display different degrees of troglomorphy, which are not congruent with the
age of the caves, as the highest derived species occur in young lava tubes, while less
cave-adapted species occur in the older Tower Karsts. Comparative analysis of the cave
populations and their habitats allows us to also consider differences in external factors (e.g.
availability of food resources, possibility of migration) as well as internal factors (e.g. genetic
variability, population structure) for concepts of evolutionary shift. On this basis a hypothesis
merging the relict hypothesis (Barr 1968) and the adaptive-shift hypothesis (Howarth 1986) was
formulated.
Keywords: cave-adaptation, speciation, Fulgoromorpha
P-26

Activity rhythm and food habit of Leschenault's rousette Rousettus
leschenaulti in Hainan Island
Zhong Chen, Feng Zhou, Yuru Long, Yihang Meng and Yuchun Li*
Department of Biology, Hainan Normal University, Haikou, Hainan Province 571158, China
Email: li_yuchun@hotmail.com
Leschenault’s rousette (Roussetus leschenaulti) is the most abundant fruit bat in Hainan Island,
China. Food habit of this species plays an important role in the local forest and agriculture, and
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understanding of its behaviour and food habit is necessary for conservation. From December
2004 to November 2005, we studied activity pattern of Leschenault’s rousette by direct
observations of the time of its departure and return to its diurnal roost, and examined its food
habits by collecting food residuals, faeces, and artificial food supplement experiments.
Leschenault’s rousette shifted departure and return times for diurnal roosting seasonally and
spent different nocturnal activity time spans for feeding in different seasons. The authors
considered this seasonal difference was caused by the different abundances of food supplies.
Annually averaged nocturnal activity time spans for Leschenault’s rousette in Hainan Island was
552.2 (SD=52.1) minutes. In our study, we examined 21 plant species in 14 families that were
taken as food by Leschenault’s rousette, and discovered this fruit bat also feeds on Melia
azedarach, Terminalia catappa, Coccinia grandis, Solanum verbascifolium, and nectar of
Bombax ceiba. Hence, according to our observation, Leschenault’s rousette is also a nectar
feeder.
Keywords: activity rhythm, food habit, Roussetus leschenaulti, Hainan Island
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Seasonal patterns in the lateral dispersal of adult aquatic insects along
Hong Kong streams
Eric K. W. Chan, Yixin Zhang and David Dudgeon
Department of Ecology & Biodiversity, The University of Hong Kong, Pokfulam Road, Hong Kong
Email: h9941424@hkusua.hku.hk
Food webs in streams and along their riparian zones are influenced by the reciprocal transfer of
material and energy between land and water. For example, terrestrial production in the form of
fallen insects from riparian vegetation made up 26-45% of the diet of a predatory cyprinid
(Parazacco spilurus) in Hong Kong streams. Aquatic production is likewise transferred to land
and into terrestrial food webs through the emergence and dispersal of adult aquatic insects, but
the extent and importance of this transfer has not been quantified in tropical Asia. In this study,
the lateral dispersal of adult aquatic insects was investigated along 4 reaches of 3 forested hill
streams in Hong Kong, southern China (lat. 22ºN). Ultra-violet light traps were deployed at
various distances (up to 80m) in the wet season (May to September) of 2005, and during the
following dry season (November 2005 to March 2006). Sticky traps were also deployed along the
same stream reaches during the 2005 wet season.
Light trap catches showed that adult aquatic insects were almost 7 times more abundant in the
wet season than during the dry season. Their abundance declined sharply with increasing
distance from the stream banks: wet-season light trap catches at 10m from the stream were less
than one-third of those at the banks, declining to around 20% at 80-m distance. In the dry season,
when light trap catches were lower, insect abundance at 10-m distance was about half that at the
banks, declining by over 90% at 80-m distance. Catches of adult aquatic insects from sticky traps
showed a steeper decline in abundance with distance from the stream, with abundance falling by
b
80% at 10m and by 86% at 20m. Power regressions (y = ax : y = numbers at distance x, b =
slope of the line, and a = y-intercept), where b indicates dispersal ability, were used to model
dispersal of different taxa. Their ranks, high to low, were as follows: Chironomidae (wet season:
b = -0.248; dry season: b = -0.444) > Trichoptera (wet season: b = -0.414; dry season: b = -0.823)
> Ephemeroptera (wet season: b = -0.998; there is no model for the dry season due to small
number trapped). This study suggests that subsidies to terrestrial food webs from the lateral
dispersal of aquatic insects in Hong Kong are highly seasonal. Although average dispersal
distances were greater during the wet season, when insects were more abundant, more than
70% of individuals remained within 20m of the stream banks.
Keywords: streams, riparian, aquatic insects, dispersal, food webs
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The effects of various forest uses on small mammal communities in
Sarawak, Malaysia
Michiko Nakagawa, Hideo Miguchi and Tohru Nakashizuka
Research Institute for Humanity and Nature, Motoyama, Kamigamo, Kyoto 603-8047, Japan
Email: miko@chikyu.ac.jp
The ecological effects of anthropogenic deforestation on wild animals in tropical regions are a
global concern. We investigated the effects of various forest uses on small mammal communities,
in Sarawak, Malaysia, by comparing 20 study plots in six forest types: fragmented primeval forest,
abandoned fallow at three developmental stages (new, young, and old), rubber plantation, and
primary forest. Principal component analysis of forest microhabitat structure variables found
three distinctive groups: primary forest, new fallow, and other forests. These were characterized
by canopy openness, the basal area, density and species richness of trees, and vegetation types
within a 600 m radius of each plot. In total, 283 individuals of small mammals from 22 species
were captured. Small mammals in new fallow formed a distinguishing group in an analysis of
species composition with high emergence of human associated rat and arboreal treeshrews.
However, small mammal communities in the other five forest types did not differ greatly. Rubber
plantation patches affected the populations of a rodent and a treeshrew. Our results suggest that
various forest uses studied here, except for new fallow, do not have severe effects on small
mammal communities. However, the invasion of human associated species into primary forest
may cause unfavorable or unexpected consequences such as negative effects on natural forest
and animal diversity.
Keywords: deforestation, fallow, fragmentation, rubber plantation, slash-and-burn agriculture,
small mammal
P-29

Whole forest observatories: An international network for monitoring
canopy biodiversity and global climate change
Katherine Secoy and Andrew Mitchell
Global Canopy Programme, John Krebs Field Station, Wytham, Oxford, OX2 8QJ, UK
Email: k.secoy@globalcanopy.org
In order to understand how the whole of the forest ecosystem functions, it is vitally important to
take into account the biodiversity and ecophysiology of the forest canopy. Increasingly there is
concern that climate dynamics may impact forests and therefore human livelihoods in a negative
way. The primary interface between forests and the majority of their biodiversity, with the
atmosphere, is through forest canopies. There is also poor understanding of the value of forest
canopy biodiversity and its ecosystem services in supporting sustainable livelihoods at local and
global scales. To date, this section of the forest has been neglected in both research and
conservation efforts. The Global Canopy Programme has been working with the Ashoka Trust for
Research in Ecology and the Environment, India; Institute for Tropical Biology and Conservation,
Malaysia; Forest Research Institute of Ghana, Ghana; Instituto Nacional de Pesquisas da
Amazonia, Brazil and the Madagascan Institute for Conservation of Tropical Environments to
develop a pan-tropical network of ‘Whole Forest Observatories’ (WFO) and demonstration
projects in these 5 biodiversity rich countries. It will fill the current knowledge gap on the function
the forest canopy and its significance for human sustainability. Activities will include two targeted
research projects, firstly to improve the infobase on the interactions between biodiversity and the
atmosphere and secondly to demonstrate improvements to local livelihoods from access to
forest canopy biodiversity. It will also undertake an assessment of canopy biodiversity and use
the network to commence in situ monitoring of the impact of climate dynamics on canopy
biodiversity across the tropical forests. The project will build capacity in the participating
countries and enable them to link into a growing global network of WFOs in tropical and
temperate forests. This project is a response to calls from the United Nations Convention on
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Biological Diversity to gain a greater understanding of the critical thresholds of forest biological
diversity loss and change, paying particular attention to endemic and threatened species and
habitats including forest canopies and promotion of monitoring and research on the impacts of
climate change on forest biological diversity and investigation of the interface between forest
components and the atmosphere.
Keywords: forest canopies, biodiversity, climate change
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Comparative study on tree species composition, diversity and biomass of
riparian and adjacent forested area in Pahang, Malaysia.
Wan Juliana Wan Ahmad and Foo Wen Shiou
School of Environmental and Natural Resource Sciences, FST, UKM Bangi, Malaysia.
Email: ayie@pkrisc.cc.ukm.my
A comparative study of tree species composition, diversity and biomass was conducted at
Kenong Forest Park, Pahang. The objectives of this study were to determine the tree species
composition, diversity and biomass on a riparian forest area and adjacent forest area as well as
to identify the status of tree species found in the two study plots. Study plot measuring 100 m x
20 m in each area were established; they were around 50 m for riparian area and around 400 m
from Sungai Kesong for inland area. The main plots were then divided into subplots measuring
10 m x 20 m. Plants with diameter at breast height (DBH) of 5 cm and above were marked,
measured and identified. A total of 98 species, from 69 genera and 40 families were recorded in
riparian study area whilst a total of 117 species, from 76 genera and 44 families was recorded in
the inland study area. Meliaceae was relatively the most dominant family in the riparian study
plot based on Family Importance Value (IVi), which was 14.94 % whilst Euphorbiaceae was
relatively the most dominant family in the inland study plot with Family Importance Value (IVi) of
15.23 %. Streblus ilicifolius was the most dominant species in riparian study plot with its
Importance Value (IVi) at 11.24 % whilst Pentace floribunda was the most dominant species in
the inland plot, with IVi value 12.71 %. Around 76.8 % of the total individuals had DBH less than
16.0 cm. Estimated total above ground biomass at riparian and inland plot were 248.05 t/ha and
105.08 t/ha, respectively. The Shannon-Wiener Diversity Index for riparian and inland plot was at
4.13 and 4.23, respectively. Values of Margalef Richness Index were 18.06 and 20.52 and the
Shannon Evenness Index 0.90 and 0.89 for riparian and inland plot, respectively. The Morisita
Index of Community Similarity was low, with the value of 0.20.
Keywords: tree species composition, riparian forest, inland forest, above ground biomass,
biodiversity of tropical trees
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Ecological and floristic inventory of seed plants of tropical
agroecosystems: a case study from Xishuangbanna, southwest China
Yongneng Fu and Jinyun Cui
Xishuangbanna Tropical Botanic Garden, the Chinese Academy of Sciences, Menglun, Mengla,
Yunnan, PRC, 666300
Email: fuyn@xtbg.ac.cn
The preservation of floristic diversity is stressed as one important goal of modern, multifunctional
agricultural land use. Relative to tropical rainforest in protected areas, ecological and floristic
inventory of tropical agroecosystem also contribute to biodiversity conservation, however, little
consideration has been given to the latter. We studied the floristic composition and species
horizontal structure, as well as life-form spectrum, leaf size classes, and ecological species
groups, etc of agroecosystems in Daka, Xishuangbanna, Yunnan, China in 99 plots of sizes
ranging from 4 m2 of paddy field to 495 m2 of homegarden. We found 527 wild species belonging
to 335 genus and 106 families in 24045 m2 (2.4 ha) plots of agroecosystems. There are 17
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national conservative plant species in agroecosystems of Daka, which includes 2 second class
and 15 third class. These include 5 endangered species, 4 rare species, and 8 vulnerable
species in agroecosystems of Daka. The families with the largest numbers of species were
Euphorbiaceae (38 species), Papilionaceae (30 species), Rubiaceae (29 species). In its floristic
composition, about 24% of the total families and 91.5% of the total genera are of the tropical
distribution, of which 25.8% of the genera are the tropical Asian distribution. At the species level,
the tropical Asian distribution contributes 67% of the total species. Statistics of the life-form
spectrum of flora in agroecosystems show the largest number of sequence are
mesophanerophyte - 23.5%; woody liana - 17.5%; shrub nanophanerophyte - 16.5%;
herbaceous phanerophyte - 15.7% and microphanerophyte - 10.2%, according to Raunkiaer’s
criteria. Furthermore, epiphytes have disappeared in these agroecosystems. Statistics of
leaf-scale of flora in the agroecosystems show the largest number of sequences is mesophyll 61.3%, microphyll - 30.7%, macrophyll - 4.7% etc, according to Raunkiaer’s criteria.
Shade-tolerant species have reduced and the heliophilous or pioneer species have increased in
the agroecosystems. Comparisons between agroecosystems and primary tropical rainforests in
Xishuangbanna are made. This paper highlights that agroecosystems play a substantial role in
on-farm conservation of plant species as well as protected areas.
Keywords: ecological structures, floristic composition, on farm conservation, tropical
agroecosystems, tropical rainforests, vegetation transition, Xishuangbanna
P-32

Negative feedback prevents exploiters from destabilizing mutualism
Wei Zuo-dong and Yang Da-Rong
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences Menglun, Mengla,
Yunnan 666303, China
Email: wzd@xtbg.ac.cn
Mutualisms involve cheating, and understanding maintenance of mutualisms becomes a major
enigma since cheaters have the potential to exclude mutualists. Theoretical findings in
understanding the mechanisms that limit the spread of cheating emerge recently. But, few field
studies have yet been conducted. Fig and fig wasps are an example of an obligate mutualism in
which cheaters, called non-pollinating wasps, are frequently present. Larvae of both pollinators
and non-pollinating wasps are bred in the fig, but cheaters play no role in the pollination process.
In this study we focus on what kind of strategy can be adopted to limit the population size of
non-pollinating wasps which breed in the syconium of Ficus racemosa, since they can
over-exploitate the figs. An experiment was conducted on 5 fig trees to simulate natural
conditions in which fruits are heavily infested with non-pollinating wasps. We examined the
abortion rates of fruit, number of pollinating foundress per fig, progeny number of pollinators per
fig, progeny number of non-pollinating wasps per fig, and number of figs in which pollinators’
male offspring dug an escape hole. It appears that non-pollinating wasps can hold most gall
resources and therefore exclude pollinators. Too many non-pollinating wasps’ attacking figs
results in few pollinating foundress and heavy abortion rates of figs, therefore lead to high level
of mortality of non-pollinating wasps. Furthermore, even if a few figs that were heavily infested
with non-pollinating wasps could avoid abortion, wasps in these figs would be sealed in
syconiums due to lack of the males of pollinating wasp to dig the exit hole. In conclusion, even if
non-pollinating wasps have potential to exclude pollinators, increase of their populations will
create ‘negative feedback’ that limit the size of non-pollinating wasps’ populations.
Keywords: mutualism, negative feedback, stability, Ficus
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Factors influencing rates of frugivory on trees in disturbed landscape of
South India
Timothy Caughlin, Margaret Lowman and Dr. T. Ganesh
New College of Florida Environmental Studies Department and ATREE, 5700 N. Tamiami Trail,
Sarasota FL 34234 USA
Email: Timothy.caughlin@ncf.edu
An important step in the establishment of many tree species in tropical forests is the removal of
diaspores by frugivorous animals. Although many other factors influence plant recruitment rates,
understanding feeding tree choices may contribute to an understanding of tree species diversity,
distribution and conservation requirements. Our research estimates the reproductive success of
Madhuca latifolia (Sapotaceae) trees in South India, by examining correlations between visitation
rates and percentage of fruit removed from the tree by frugivorous bats, Pteropus giganteus
(Pteropodidae), and the ecological characteristics of fruit tree sites, such as presence or
absence of heterospecific and conspecific fruit trees and degree of disturbance. We worked with
ATREE in their Singampatti field station, and collected data during June- August 2006.
Keywords: frugivory, seed dispersal, Sapotaceae, India, disturbance
P-34

Parasites of mutualism: strategies of resource utilization in two
nonpollinating fig wasp species, genus Idarnes
Rodrigo Augusto Santinelo Pereira and Larissa Galante Elias
University of Sao Paulo - Faculty of Philosophy, Sciences and Letters of Ribeirao Preto, Depto
de Biologia, Av. Bandeirantes, 3900, 14040-901, Ribeirao Preto/SP, Brazil
Email: raspereira@yahoo.com.br
Ficus offers an extreme example of an obligate mutualism between plant and insect with a
community of associated wasps parasitic on the system. It is one of the few cases in which
cospeciation could be a frequent rule and hence it could provide a number of cases of
coevolution sensu stricto. Each of the some 750 extant Ficus species is pollinated by one or
several tiny species-specific agaonid wasps (Agaonidae; Chalcidoidea, Hymenoptera). Female
agaonid wasps (a) enter the urn-shaped Ficus inflorescences (fig), (b) oviposit into the ovaries of
some of the female flowers and simultaneously pollinate. Thus, sexual reproduction of the plant
depends on the pollination services of agaonid fig wasps. On the other hand, each agaonid larva
develops within a single galled fig ovule. Mutualisms such as the fig-agaonid wasp association
are susceptible to colonization by parasitic species, which exploit the resources involved in the
mutualism. Indeed, several groups of independently evolved chalcid wasps are parasitic on the
fig-agaonid wasp association. In most cases, they oviposit into the figs from outside without
providing any pollination service. These non-pollinating wasps include Phytophageous gallers,
inquilines and probably also parasitoids. Phytophageous gallers oviposit into the ovary of female
flowers and are able to induce their transformation into galls within which their larvae will develop.
Inquilines feed on tissues induced by gallers and in the process eliminate the galler larvae.
Parasitoid larvae feed on galler or inquiline larvae. However, the detailed biology of
non-pollinating fig wasp species is very poorly documented. We investigate here two species of
genus Idarnes, one belonging to group I. carme and other from group I. flavicollis. We carried out
field and laboratory observations to compare the oviposition behavior and the strategies of
resource utilization in both fig wasp species. The behavioral study was performed in the
surroundings of the Campinas State University campus (22°54’S; 47°03’W), during September
1996. Our results showed that I. carme and I. flavicollis species have different ovipositing
behavior and utilize distinct food resources. The I. flavicollis species colonize figs just before or
simultaneously with pollinating foundresses (when female flowers are receptive). Idarnes carme
group wasps colonize figs after pollination, when all female flowers were transformed in galls.
Ovipositon process faster and more conspicuous in I. flavicollis than in I. carme females. Both
species seemed to explore more than one flower/gall per ovipositor insertion. This study is the
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first report of distinct oviposition behavior and strategies of resource utilization in closely related
fig wasp species. Our results reinforce that closely related lineages can evolve different
strategies that result in diverse natural histories.
Keywords: Agaonidae, Ficus, Moraceae, mutualism, parasites of mutualism, plant-insect
interaction
P-35

Bushmeat and sapling recruitment of large-seeded trees dispersed by
large primates in hunted and protected lowland rainforests in western
Amazonia, Peru
Gabriela Nunez-Iturri and Henry F. Howe
Department of Biological Sciences, University of Illinois-Chicago, 845 W. Taylor St. (M/C 066),
Chicago, IL 60607, USA.
Email: gabinunezi@yahoo.com
Hunting for bushmeat threatens to alter forest diversity and structure in tropical forests. Preferred
animals are frugivore vertebrates that are involved in essential processes for the maintenance of
plant diversity. This study was conducted in mature floodplain forests in southeastern Peru. Here
we show that in hunted sites, large primates (> 5kg) were locally extinct, and medium primates
(>2 – 5 kg) were 83% less common when compared to the protected sites. In the hunted site,
richness of large-primate-dispersed species was 55% less and the density 60% less when
compared to the protected sites. In contrast, species dispersed by abiotic means increased in
density by 80%. In the Neotropics, hunting threatens to alter the recruitment of large-seeded
trees (seeds > 1.5 cm long) that are mainly dispersed by large primates.
Keywords: hunting, seed dispersal, primates

P-35
Species diversity and distribution of epiphytes in the Montane rain forest
in Huanglian Mountain, Yunnan
Wenhong Chen, Yumin Shui, Jie Yang, Meide Zhang
Kunming Institute of Botany, the Chinese Academy of Sciences, Kunming 650204, China
Email: zhangmeide@mail.kib.ac.cn

Abstract: Epiphytism in Huanglian Mountain was described by counting vascular epiphytes in 150
host trees (in 40 species, DBH>10cm), well-distributed over the main landscape units in the
Montane rain forest. The purpose of the study was to explore abundance, diversity, and distribution
of epiphytes in this area. Epiphyte diversity totaled 133 species in 74 genera and 43 families. Of
these, 26.3% and 73.7% were ferns and seed plants epiphytic species, respectively. The
Shannon-Wiener index and Simpson index were 2.14 and 0.86. Among the epiphytic fern species,
Polypodiaceae (29.7%) were abundant, Orchidaceae (39.8%), Vacciniaceae and Gesneriaceae (15%)
were the dominant epiphytic seed plants families. A significant positive relationship was found
between trunk size and epiphyte association. Larger epiphyte species occurred mostly on middle and
larger stems and smaller epiphyte species occurred on smaller stems. There was some positive
correlation was found between epiphyte species and hosts.
Keywords: epiphytes, species diversity, spatial distribution, Montane rain forest, Huanglian
Mountain
P-36

161

The Annual Meeting of the Association for Tropical Biology and Conservation
July 18-21, 2006, Harbour Plaza Hotel, Kunming, China

The role of elaiosome in seed dispersal of Globba lancangensis
(Zingiberaceae)
Chen Fan, Chen Jin and Na Zhi
Xishuangbanna Tropical Botanical Garden, the Chinese Academy of Sciences
Email: cj@xtbg.org.cn
Seed dispersal of Globba lancangensis, a myrmecochorous perennial herb, was studied in a
seasonal humid subtropical forest in southwest Yunnan province (21º59′N, 100º16′E), China.
Fourteen ant species from 12 genera belonging to four subfamilies visited the seeds of G.
lancangensis. Most of the seeds were transported directly to the nest with a mean dispersal
distance of 0.47 ± 0.44 m (Mean ± SD, N = 216) and a range of 0.01-3.35 m. Different ants
showed varying responses to elaiosomes that are attached to the seeds. Big ponerines only
removed the seeds with elaiosomes while small ants did respond differently to seeds with
eliasomes or to seeds with their eliasomes removed. Ants removed 70.4% and 56% of the seeds
from experimental plots during day and night respectively. As a whole, elaiosomes enhance
seed dispersal that is mediated by ants, which may help seeds to escape from predation by
rodents. On contrary the hard seed coat may help seeds to avoid predation from some small
ants. Thirteen fatty acids were recorded from the elaiosome and seed, and the composition
differed significantly between the two (p < 0.05). Removal rates were not significantly different
between pith impregnated with 11 chemical compounds and pith without chemical compounds
as control, including pith with 1, 2-diolein, which was often considered to be the chemical clue for
ants to detect myrmecochorous seeds.
Keywords: elaiosome; fatty acids; Globba; myrmecochory; seed dispersal; seed predation;
Xishuangbanna
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Floral evolution in the Neotropical Lecythidoideae (Lecythidaceae)
Chih-Hua Tsou and Scott. A. Mori
Institute of Plant and Microbial Biology, Academia Sinica, #128, Sect. 2nd., Yen-jou-yuan Road,
Taipei, Taiwan
Email: chtsou@gate.sinica.edu.tw
The subfamily Lecythidoideae of Lecythidaceae (Brazil nut family) is a dominant group in
Neotropical forests, especially those of Amazonia. New World members of the family have large
showy flowers that are either polysymmetric or monosymmetric. In this study, floral
organogenesis of all ten Neotropical genera is examined using the SEM to follow early stages of
floral development. Our observations of floral development are put into the context of a
molecular phylogeny based on sequences of the ndhF and trnL-F genes that has been published
elsewhere. Floral evolution of the subfamily is explained as having undergone four different
levels of complexity in regard to floral symmetry. The base level genera, Grias and Gustavia,
have polysymmetric flowers. At level two, represented only by species of Couroupita,
monosymmetry is established through the expression of abaxial dominance that leads to the
development of an androecial hood; at this level abaxial dominance impacts the perianth and
androecium, but not gynoecium. At the third level, monosymmetry is developed in Couratari; but,
in the lineage of the actinomorphic-flowered species of Cariniana and Allantoma, a reversal back
to polysymmetric flowers as the result of a gradual weakening of abaxial dominance and the loss
of the hood has occurred. Finally, in level four, including Bertholletia, Corythophora, Eschweilera,
and Lecythis, the monosymmetry is so strongly expressed that the gynoecium is also influenced
by abaxial dominance. In this group, the hood is more complicated in both structure and function,
and the floral axis is changed from straight to slightly inclined. Within the Lecythidoideae, the
expression of abaxial dominance is associated with hexamery of the perianth parts. This study
demonstrates that the establishment and development of abaxial floral dominance is the
proximate cause of monosymmetry in the Lecythidoideae. We suggest that monosymmetric
flowers are more efficiently pollinated and therefore the ultimate cause of monosymmetric
flowers in this group are the bees and bats that pollinate the flowers.
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Keywords: floral organogenesis, floral evolution, floral symmetry, Lecythidaceae,
Lecythidoideae, monosymmetry, polysymmetry
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A preliminary study of thermodynamic processes in the development of
forest ecosystems and plant populations
LIN Hua 1, 2, CAO Min 1
1
Forest Ecosystem Research Center, Xishuangbanna Tropical Botanical Garden, Chinese
Academy of Sciences, Kunming 650223, China
2
Graduate School of Chinese Academy of Sciences, Beijing 100039, China).
Email: lh@xtbg.ac.cn
Thermodynamic theories lay out the foundations for system development, but have rarely been
applied to studies of forest ecosystems. This article discussed the thermodynamic processes in
the development of forest ecosystems and plant populations based on the energy theories of
ecosystems. We linked the energy dissipation with the corresponding eco-physiological
processes in the forest ecosystems. At the ecosystems level, we divided energy dissipation into
plant dissipation and environment dissipation, and analyzed the relationship between the two
processes. We firstly elucidated that transpiration is the fraction of plant energy dissipation and
discussed how to use it to evaluate ecosystem development and plant competitive capacity. At
the level of individual plants, we proposed that “energy storage” and “energy dissipation” are two
important factors determining the outcomes of plant competition. Under the same physical
conditions, species with high levels of dissipate energy have competitive advantages. Therefore,
dominant species should have faster growth and transpiration rates than the non-dominant
species occupying the same physical space. The thermodynamic theory provides a new means
for the understanding of forest ecosystem development, assessment of ecosystem health,
relationship between plant and environment, and outcomes of species competition.
Keywords: energy dissipation; thermodynamic process; ecosystem
P-39

The role of seasonality in structural assessments of tropical montane
forests
Sattler, D., Lindner, A., Morawetz, W.
University of Leipzig, Institute for Biology I, Systematic Botany and Tropical Ecology,
Johannisallee 21, 04103 Leipzig, Germany
Email: alindner@uni-leipzig.de
Leaf-Area-Index (LAI) is the total one-sided area of leaf tissue per ground unit. It is a key
parameter in ecophysiology and in contiguity with the Canopy Openness, an important value for
the description of the canopy structure and temporal and spatial heterogeneity in forest stands.
LAI and Canopy Openness can be easily provided by the analysis of hemispherical photographs,
which is a widely used method for indirectly assessing canopy characteristics.
We addressed the following questions: (i) How can structural differences between forest sites be
quantified using LAI / Canopy Openness? (ii) How do these parameters change in response to
climate seasonality? (iii) Are fine scale differences in forest structure detectable by LAI / Canopy
Openness?
We selected two sample sites in the Brazilian Atlantic Forest in the State of Rio de Janeiro,
municipality of Teresopolis. The general climatic conditions of the area are tropical montane
humid with wet and hot summers (November to February) and dryer and colder winters (May to
August). We examined the influence of the seasonal climate on LAI and Canopy Openness in
the two research sites: in a mature forest stand and in a forest remnant, dominated by secondary
growth. We recognised a significant variability of LAI / Canopy Openness between the central
parts and the border region of the forest fragment. There was no comparable variability in the
national park. The higher influence of seasonality on LAI / Canopy Openness resulting in
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conspicuously higher within-canopy dynamics in the forest remnant have been put down to a
structural response to temperature and absolute humidity, due to the low species diversity and a
higher abundance of deciduous tree species. The high species richness in the mature forest site
with a lower abundance of deciduous pioneer species prevents such impact on the canopy
structure and its spatiotemporal dynamics.
We observed an obvious “edge effect” according to the structural changes by the seasonality in
Canopy Openness: decreasing difference of canopy-openness with increasing distance from the
edge. A possible reason could be the distribution of deciduous tree species in the fragment with
concentration on the forest edge. There was no such effect in LAI, which demonstrates that there
is no conclusive dependency between LAI and Canopy Openness.
Keywords: LAI, canopy openness, hemispherical photography, Atlantic montane rain forest
P-40

Opening the canopy to all: GCP canopy access and science methods
training courses
John Pike and James Aldred
Global Canopy Programme, John Krebs Field Station, Wytham, Oxford, UK OX2 8QJ
Email: j.pike@globalcanopy.org
The GCP has created a virtual ‘Canopy Training School’ which offers training courses in new,
safe methods of accessing the canopy using ropes and instruction in the latest scientific methods
of studying the forest canopy. GCP and Canopy Access Ltd, a UK based specialist climbing
company, have developed the Basic Canopy Access Proficiency (BCAP) course which certifies
participants as having reached a standard of canopy access which meets British and European
Health and Safety standards for working at height, which are the most rigorous in the world.
These methods will satisfy most health and safety standards of universities and are aimed to
open up the canopy to students and professionals in the safest way possible. The BCAP system
treats the planning and execution of any roped access study in a holistic way, ensuring rescue
provision for climbers from any situation and incorporating safety redundancy at all times. The
GCP Canopy Training School courses are now available in Brazil, Sabah, Malaysia and in the
UK with new courses planned in China, India, Panama and a number of other locations.
Keywords: forest canopies, access
P-41

Biodiversity conservation and protected areas in the Hindu
Kush-Himalayan region: gap analysis and future directions
Nakul Chettri, Bandana Shakya and Eklabya Sharma
International Centre for Integrated Mountain Development, GPO Box 3226, Khumaltar, Lalitpur,
Kathmandu, Nepal
Email: nchettri@icimod.org
Biologically rich areas are habitats for many species where ecological conditions are favourable
for speciation and evolution; the Hindu Kush-Himalayan region (HKH) is one such dynamic
habitat with a rich and remarkable biodiversity. Geographically, within an area of 4,286,473 sq
km, the HKH includes whole of Bhutan and Nepal and some parts of Afghanistan, Bangladesh,
China, India, Myanmar and Pakistan. Elevation zones across the HKH extend from tropical (＜
500m) to the alpine ice-snow zone ( ＞ 6000m), with principal vertical vegetation regime
comprising of tropical and subtropical rain forest, temperate broadleaf deciduous or mixed forest
and temperate coniferous forest including high cold shrub or steppe and cold desert. While the
region with its varied landscape and soil formation, variety of vegetation types and climatic
conditions are well known for its unique flora and fauna and high endemism. However, it is facing
overarching threats of species loss and extinction from habitat loss, degradation and
fragmentation of landscape elements. The HKH member countries all being a signatory to the
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Convention of Biological Diversity, have taken several measures in conservation and have set
aside a considerable amount of their richer land terrain into some form of Protected Areas (PAs).
The paper gives an overview of the number and extent of PAs, gaps and future directions in
conservation for the HKH region.
Keywords: protected areas, extent, habitat coverage, gap analysis, future measures
P-42

Ethnoecology research and biodiversity conservation, cases in Southwest
China
Zhao-lu Wu
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, 88 Xuefu Road,
Kunming 650223,Yunnan Province, People’s Republic of China
Email: zlwu@xtbg.ac.cn
On the Asia map, one can find a large slope that spans southward from the southeast Tibetan
Plateau and extends down to the Indo-China Peninsula. Midway on this slope is a mountain
region, including western Sichuan Province and Yunnan Province of China. It is a land of natural
diversity, with elevation from 74 m to 6740 m asl, topography including mountain-gorge,
mountain plateau and hills, tropical, subtropical and alpine climate, almost half of flora and fauna
found in China. It is also a land of cultural diversity, the home of more than 20 nationalities
including Tibetan, Naxi, Lahu, Yi, Zhuang, Hani, Yao, Miao and Dai. Such natural and cultural
diversity and their harmony attract scientists and admirers home and abroad. With the
development of a market economy and globalization, the introduction of external techniques,
culture and life style breaks the rhythm of natural ecosystems and the peace of traditional life,
leading to degradation of the natural and cultural diversity, in particular the hard life for people in
mountains. Ethnoecology research focuses on (1) the scientific principles of how the indigenous
people perceive, use, manage and protect the natural environment, resources and biodiversity,
(2) the effect of traditional practices on the environment and biodiversity, (3) the responses of
such traditional knowledge to the development of a market economy, and (4) the application of
traditional and scientific knowledge to the promotion of livelihoods for the indigenous people.
Cases in southwest China were analyzed in this paper.
Keywords: ethnoecology, biodiversity conservation, indigenous people
P-43

Independent regulation of curvature of penta-lobed stigmas in
Kosteletzkya virginica (Malvaceae)
Ruan Chengjiang
Dalian, Liaoning
Email: ruan@dlnu.edu.cn
Floral behaviours influence plant pollination and mating system. Here we describe a new
mechanism deployed by Kosteletzkya virginica flowers: curvature of penta-lobed stigmas is
regulated independently. In the process of the curvature of unpollinated lobes, if 1-4 of
penta-lobed stigmas receives pollen and stops to curve, other unpollinated lobes still keep the
curvature. The florally manipulative results are further proof of this mechanism: the lobed
curvature will stop permanently once stigma receives pollen (30.96±0.94, n = 612), the
application of various pollen grains to 1-4 of five stigmas does not inhibit the curvature of other
unpollinated lobes. The percentage of stigmas contacting its own anther by the lobed curvature
is influenced by weather conditions. There are significant differences among pollen receipts (F 4,
49 = 27.817, P < 0.001), fruit sets (F 4, 49 = 8.142, P < 0.001) and seeds per capsule (F 4, 49 =
6.179, P < 0.001) of the flowers with different stigma number. Our results indicate that the
mechanism in K. virginica is to facilitate each of penta-lobed stigmas to receive pollen under
unpredictable pollinator environments, and thus enhance seeds yield.
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Keywords: stigma curvature; independent curvature; penta-lobed stigma; pollination;
Kosteletzkya virginica
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A study on species diversity in plant community of Confucian Cemetery in
Qufu, Shandong Province, China
Ning Xu1 Zhao-lu Wu1 Hui-xing Song 2
1
.Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, 88, Xuefu Road,
Kunming 650223，Yunnan Province, China
2
. Shandong Qufu Normal University Shandong Province, China
Email: zlwu@xtbg.ac.cn
Species diversity and dynamics of plant communities were studied in the Confucian Cemetery,
Shandong Province. The result indicates that, in Quercus acutissima forest, Platycladas orientali
forest and Quercus acutissima brush, the number of plant species are 38, 50 and 46, the number
of trees and seedlings are 3950/ hm2, 2700/hm2 and 14550/ hm2, the number of shrubs are
17625/ hm2, 20925/ hm2 and 6900/ hm2, and the number of herbages are 29325/ hm2, 54025/
hm2 and 45125/ hm2 respectively. The succession pattern of these plant communities is from
brush, through coniferous forest, to deciduous broad-leaved forest. Appropriate management is
necessary to maintain the atmosphere of cultural landscape in the Cemetery.
Keywords: artificial garden; species diversity; plant community; succession; Confucian
Cemetery
P-45

Are lianas sometimes mutualists and sometimes commensals of trees?
Garrido-Perez, Edgardo; Dupuy, Juan Manuel; Gerold, Gerhard; Duran-Garcia, Rafael and
Ucan, Mario.
Geographisches Institut der Universitaet Goettingen, Ab. Landschaftoekologie, Goldschmidtstr.5,
D-37077, Goettingen, Germany and Centro de Investigacion Cientifica de Yucatan
Email: egarrid@gwdg.de
Lianas are increasing their abundance in the Neotropics relative to trees, possibly due to an
increase in drought and gap-dynamics associated with a global increase of CO2, among other
factors. It is accepted that lianas are competitors and structural parasites of trees, but our results
make this assertion at least relative. We identified 643 trees ≥3.16cm dbh in five 20m x 20 plots
of 10-18 year-old Semi-Evergreen Tropical Forest in North Eastern Yucatan peninsula (Mexico).
We classified the trees into four liana-load categories: 0= no-lianas, 1=one liana, 2= three lianas,
and 3= five lianas (these values are medians). We measured the girth of each tree, marked the
point of this measurement, and re-measured the trees 16 months afterwards. Irrespective of their
species, trees with liana-load categories 2 and 3 grew more than the ones with categories 0 and
1 (ANOVA-I: F=11,301, P<0,000001). Girth increases were: Cat.0=0.73cm (2.83), Cat.1=1.09cm
(2.78), Cat.2=1.32cm (3.17), and Cat.3=1.56cm (2.69). The number of measured trees per
category (n) were: 153, 305, 114, and 71, respectively. In general, Bursera simarouba, Piscidia
piscipula and Vitex gaumeri grew more when they hosted higher liana-loads; while other species
were not affected. We repeated the study in five plots ≥55 yr-old, but the liana-load did not
influence the growth of trees. While bignones are very common lianas in the older stand, one
legume (Dalbergia glabra, Papilionoidae) is the dominant liana in the 10-18yr-old stand, and we
think it helps the trees by nitrogen fixation in the soil. Our results suggest the existence of cases
where lianas may be mutualist of trees and cases where they may be commensals.
Keywords: liana-load, growth, trees, Yucatan Peninsula
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Regeneration strategies of dominant tree species in a subtropical rain
forest in northern Taiwan
Chia-Hao Chang Yang, Chia-Ling Lu, Sheng-Hsin Su and Chang-Fu Hsieh
Institute of Ecology and Evolutionary Biology, Rm. 1211, Life Science Building, National Taiwan
University, 1 Sec. 4 Roosevelt Rd., Taipei, Taiwan
Email: r91226002@ntu.edu.tw
Trees have two modes of regeneration: sexual reproduction by seedlings and vegetative
recruitment by sprouts. The relative importance of seedlings and sprouts in maintaining a
population differs among species. To understand the regeneration strategies of dominant tree
species in a subtropical rain forest in northern Taiwan, we measured the ratio of the number of all
sprouts to the number of main stems in a population to evaluate the degree of dependence on
sprouting of each species, and we monitored the seed production and the seedling survivorship
for three years to assess the level of reliance on sexual reproduction of each species. There
were 23 species that each has more than 1000 individuals in a 25-ha plot of the subtropical rain
forest in northern Taiwan. Among these species, the ratio of the number of all sprouts to the
number of main stems was 3.08 in Limlia uraiana, while it was ＜ 1 in the other species. More
than 60% of individuals in L. uraiana have sprouts, and the average number of sprouts per
sprouting for L. uraiana was 5.09. L. uraiana had only 13 seeds and no seedling found during the
research period. Schefflera octophylla and Engelhardtia roxburghiana also had many sprouts;
they produced many seeds but their seedlings had lower survivorships. However, not all species
that sprouted easily had fewer seedlings; for example, the proportion of sprouting individuals of
2
Machilus thunbergii was 26%, but it had 36 seeds per m and higher seedling survivorship.
Species that had few sprouts, such as Glochidion acuminatum, produced lots of seed in order to
compensate for the loss of seedlings due to lower seedling survivorship. The regeneration
strategies of the tree species were quite different from each other. We divided the regeneration
strategies of 23 species into four types: (A) Many sprouts and fewer seeds, (B) Many sprouts,
many seeds and lower seedling survivorships, (C) Median sprouts, many seeds and higher
seedling survivorships, and (D) Fewer sprouts, many seeds and lower seedling survivorships.
The differences of regeneration strategies may enhance the coexistence of these dominant tree
species.
Keywords: large-plot study, sexual reproduction, vegetative recruitment, Taiwan
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Land-use effect on soil microbial carbon flux in tropical ecosystem: an
example from Xishuangbanna, SW China
X. H. Fu1,2, X. M. Zou1, L. Q. Sha1, X. D. Yang1, and Z. L. Feng1
1
Xishuangbanna Tropical Botanical Garden, The Chinese Academy of Sciences, 88 Xuefu Road,
Kunming, Yunnan 650223, China
2
University of Illinois at Urbana-Champaign, W-233 Turner Hall, 1102 S. Goodwin, Urbana,
IL61801, USA
Email: fu2@uiuc.edu
Tropical land-use changes can have a profound influence on soil biological activities and overall
soil quality. These play important roles in regulating soil processes, and therefore on the global
environment especially the soil carbon flux. To evaluate the influence of rubber and tea
plantations, a popular agro-forest pattern in Xishuangbanna, SW China, on soil microbial carbon
flux, we examined the seasonal dynamics of soil respiration rates, soil microbial biomass C and
its spatial distribution in mono-rubber communities, rubber-tea communities, and a natural forest
respectively from May 2003 to April 2004. Annual soil respiration rates ranged from 1.23 to 8.23
gCO2 × m -2 × d -1 in the mono rubber communities or rubber-tea communities, and from 2.19 to
7.21gCO2 × m -2 × d -1 in natural forest. The young rubber-tea community had lower rates of soil
respiration than natural forest. The annually average soil microbial biomass C was more than 1.5
times as high in natural forest (0.781 mgCO2-C×g -1 dry soil) as in both young mono-rubber
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communities and rubber-tea communities, and more than twice as high as in old mono-rubber
community (0.350 mgCO2-C×g -1 dry soil) and rubber-tea community (more than 25 years old,
0.382 mgCO2-C×g -1 dry soil) in 0-10 cm soil layer. These figures suggested that young tropical
tree plantations can reduce soil CO2 efflux and soil microbial biomass C.
Keywords: land-use, soil respiration, soil microbial biomass C
P-48

Altitudinal zonation and diversity patterns of the forests of Mt. Kilimanjaro
Andreas Hemp
Department of Plant Physiology, University of Bayreuth, 95440 Bayreuth, Germany
Email: andreas.hemp@uni-bayreuth.de
Based on the analysis of 600 vegetation plots using the method of Braun-Blanquet (1964) the
altitudinal distribution of trees, shrubs, epiphytes, lianas and herbs along a transect of 2400 m
was studied in the montane (cloud) forests of Kilimanjaro. With unidimensionally constraint
clustering significant major discontinuities were observed occurring in parallel in the different
strata at about 1200 m, 1800 m, 2500 m and 3000 m. Over 1200 species representing about half
of the whole vascular flora on Mt. Kilimanjaro were found in the studied plots, making the forest
belt the most important habitat with respect to plant diversity on the mountain. Species numbers
of the different forest strata peak in different altitudes: whereas epiphytes and herbs have their
maximum at mid-altitudes, the other strata show a declining diversity trend with altitude.
Precipitation (especially in case of epiphytes), minimum temperature (in particular the
occurrence of frost) and variety of habitats are key factors behind the observed diversity patterns.
The contrary results of many transect studies in respect of the continuity of the change in floristic
composition and diversity appear to be caused in many cases by different sampling methods.
Keywords: biodiversity, cloud forest, East Africa, epiphytes, tropical montane forest, vegetation
zonation
P-49

Capturing genomic signatures using an anonymous DNA microarray
platform
C.H. Cannon, Kua C-S, E.K. Lobenhofer and P. Hurban
Texas Tech University, Lubbock, TX USA
Email: chuck.cannon@ttu.edu
Comparative genomics, using the model organism approach, has provided powerful insights
about the structure and evolution of whole genomes. Unfortunately, only a small fraction of
Earth’s biodiversity will have its genome sequenced in the foreseeable future. Most wild
organisms have radically different life histories and evolutionary genomics than current model
organisms. Additionally, comparative studies have focused largely on expressed sequences,
while most genomic evolution occurs in the silent portions. Here, we describe a novel approach
using an anonymous DNA microarray platform that gathers genomic samples of neutral DNA
sequence variation from any organism. Using whole genomic samples from three known
genomes (mouse, rat and human) and one unknown (Gonystylus bancanus), we demonstrate
and validate its power, reliability, transitivity and sensitivity. The results also exhibit a broad
sensitivity to phylogenetic relatedness, from major clades like rodents to the most minor, the
individual. With this approach, biologists from a wide range of fields, studying a broad range of
organisms, could efficiently perform genomic comparisons, even at the population level.
Possibilities for refining and expanding the approach are discussed.
Keywords: Bar Code of Life, genomics, DNA fingerprinting
P-50
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Genetic diversity and geographic differentiation in Tacca Chantrieri
(Taccaceae): an autonomous selfing plant with showy floral display
Ling Zhang, Qing-Jun Li, Hong-Tao Li, Jin Chen, De-Zhu Li
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun, Mengla,
Yunnan 666303, P R China
Email: zhangl@xtbg.org.cn
Despite considerable investment in elaborate floral displays, Tacca chantrieri populations are
predominantly selfing. We hypothesized that this species might possess considerable spatial or
temporal variation in outcrossing rates among populations. To test this hypothesis, we
investigated whether genetic variability and genetic differentiation within and among T. chantrieri
populations were concordant with expectations based on a predominantly inbred mating system.
We quantified genetic diversity using Inter-Simple Sequence Repeats (ISSR) in 303 individuals
from 13 populations sampled from known distributions of T. chantrieri in China, and from one
population in Thailand. Of the 113 primers screened, 24 produced highly reproducible ISSR
bands. Using these primers, 160 discernible DNA fragments were generated, of which 145
(90.62%) were polymorphic. This indicated considerable genetic variation at the species level.
However, there were relatively low levels of polymorphism at population levels, with percentages
of polymorphic bands (PPB) ranging from 8.75% to 55%. A high level of genetic differentiation
among populations was detected based on different measures (Neis genetic diversity analysis:
GST = 0.5835; AMOVA analysis: FST = 0.6989; and Bayesian likelihood using Hickory: θB =
0.5921). Furthermore, based on levels of genetic differentiation, the 14 populations clustered into
two distinct groups separated by the Tanaka line. High levels of differentiation among
populations and low levels of diversity within populations at large spatial scales corroborate
earlier small-scale studies of mating patterns detected by allozymes. This indicated that T.
chantrieri populations are predominantly selfing. However, it appears that T. chantrieri has a
mixed-mating system in which self-fertilization predominates, but there is occasional outcrossing.
Significant genetic differences between the two distinct regions might be attributed to vicariance
along the Tanaka line. Finally, possible mechanisms of geographic patterns based on genetic
differentiation of T. chantrieri are discussed.
Keywords: Tacca chantrieri; floral display; population genetic structure; gene flow; ISSR
markers; mating system; geographic differentiation; Tanaka line.
P-51

Re-examination of relationships of the Litsea complex and ‘core’ Laureae
(Lauraceae) using nrDNA ITS and ETS sequences
Jie Li, John G. Conran, David C. Christophel, Zhi-Ming Li, Lang Li and Hsi-Wen Li
Laboratory of Plant Phylogenetics and Conservation Biology, Xishuangbanna Tropical Botanical
Garden, The Chinese Academy of Sciences, 88 Xuefu Rd., Kunming, Yunnan 650223, P.R.
China.
Email: jieli@xtbg.ac.cn
ITS and ETS sequences of 71 representatives from all genera and sections of the ‘core’ Laureae
were analysed using maximum parsimony with both equally and successively weighted
characters; Bayesian inference; Minimum Evolution by neighbour joining; and Maximum
Likelihood inference. The large genera Actinodaphne, Lindera, Litsea were polyphyletic, as were
Litsea Sections Conodaphne, Cylicodaphne and Tomingodaphne, although Neolitsea was
monophyletic and terminal above an Actinodaphne grade. A major disparity exists between
these molecular results and traditional morphology-based generic and infrageneric
classifications in the group. The use of 2- versus 4-celled anthers in Laureae generic delimitation
has resulted in the recognition of poly- or paraphyletic genera. Similarly, dimerous or trimerous
flowers, and the nature and arrangement of inflorescence basal involucral bracts were also
homoplasious, suggesting they are of only limited phylogenetic value at higher levels. Many of
the major lineages in Laureae appear to be supported by inflorescence morphology and
ontogeny, although the clades identified in this study suggest that there are at least two different
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ways to produce the Laureae pseudo-umbel. Accordingly, our study indicates the need for
caution in the use of morphology for assessing affinity in Laureae. Traditional characteristics of
habit, leaf venation, inflorescence and floral structure appear to have been largely the result of
convergent and/or parallel evolution, but future research may help to resolve these problems of
homology and ontogenetic convergence.
Keywords: Lauraceae; Laureae; character evolution; inflorescence structure; phylogenetic
classification
P-52

Significance of soil seed banks for conservation in tropical dry evergreen
forest
Sasmita Dasmohapatra
Department of Ecology and Environmental Sciences, Pondicherry University, India
Email: sashmitha_ecol@rediffmail.com
Tropical dry evergreen forests (TDEF) are unique forests now occurring as small fragments
along the Coromandel coast of India and Northern Sri Lanka. These forests have been reduced
to small patches due to habitat loss and now are protected as sacred groves by the local
communities. Apart from isolation, there is on going human impact that could affect regeneration
processes in these fragments. I studied the soil seed bank composition in four TDEF fragments
to see whether the vegetation could be reconstituted through seed banks. Not all species were
represented in the soil seed banks. Of those represented, lianas were the most abundant and
had high germination success. Therefore the vegetation structure and diversity will change over
time unless TDEF species that the soil seed banks do not regenerate are planted.
Keywords: TDEF, seedbank, regeneration
P-53

Microbial regulation of soil phosphorus pools and transformations in a
montane evergreen broad-leaved forest in the Ailao Mountains, Yunnan,
China
Chen Jianhui and Zou Xiaoming
Institute for Tropical Ecosystem Studies, San Juan, Puerto Rico
Email: xzou2000@yahoo.com
Phosphorus is one of essential elements for life, and it interacts with many biogeochemical
processes. The availability of phosphorus is low in many ecosystems, especially in tropical
forests, thus is often the limiting factor for primary productivity. We conducted a tree girdling, root
trenching, and litter removal experiment to separate the influence of below- and above-ground
carbon and nutrient inputs as well as plant uptake on P pools and P transformation rates in a
montane evergreen broad-leaved subtropical forest. Our results were: 1. Tree girdling increased
microbial P pools and potential rates of microbial P immobilization, whereas plant litter removal
reduced both microbial P pools and organic P mineralization rates, and root trenching increased
microbial P pools and gross P mineralization rates. 2. The components of NaHCO3-extractable
organic P varied with seasons, with microbial biomass P dominating in dry season and organic P
from root exudates dominating in rainy season. 3. NaHCO3-extractable inorganic P was mainly
derived from the mineralization of NaHCO3-extractable Po pool, and resin-extractable Pi mainly
comes from the mineralization of microbial biomass P pool. 4. There were no significant effects
on acid phosphatase activity by treatments and season, but there were significant differences
between humus and surface mineral soil. 5. Our data suggests that microbes immobilize soil
available P during dry season when plant uptake is low, thus retain soil P availability in acid soils
in the subtropical evergreen broad-leaved forests.
Keywords: acid phosphatase activity, Ailao Mountains girdling, litter removal, phosphorus
transformations, soil phosphorus pools, trenching,
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A preliminary study on alien plant species in Xishuangbanna
Yuan Li 1,2, Zhao-lu Wu 1 and Li-sha LiI 2
1
.Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences; 88, Xuefu Road,
Kunming 650223, Yunnan Province, PR of China
2
.Institute of Ecology and Geobotany, Yunnan University, Kunming, Yunnan Province, PR of
China
Email: zlwu@xtbg.ac.cn
Of the 282 families and near 5000 species of higher plants in Xishuangbanna, 153 families and
1127 species are introduced from the five continents. The alien plants, classified based their
usage into 18 groups such as medicine plants (accounts for 39.1%), flower plants (34.0.1%) and
edible plants (20.4%) are distributed throughout botanical gardens, special parks and indigenous
home-gardens, dispersed along various roads and paths. The alien plants increase plant
biodiversity and benefit the local society and economy but some ruderal species cause obvious
ecological impacts. The research emphasizes the necessity to pay more attention to the
dispersal of alien plants assisted by human activities and the ecological roles that the alien plants
play in ecosystem food cycle.
Keywords: alien plant; species invasion; human disturbance; Xishuangbanna
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Seed productivity schedule of plants in tropical peat swamp forest: the
relation with seed predations
Kyoko Hamamoto1, Erna S. Poesie1,2, Suwido H. Limin2, and Momose Kuniyasu1
1
Faculty of Agriculture, Ehime University 3-5-7 Tarumi, Matsuyama 790-8566, Japan
2
CIMTROP University of Palangka Raya, Central Kalimantan, Indonesia
Email: momose928s@hotmail.com
The regeneration processes of natural forests include fruiting phenology timing and seed
predators. Previous studies have shown that the mast fruiting and the inter-specific synchrony
are plant strategies to avoid seed predation. Our project verified the phenological reproductive
strategy of plants against terrestrial seed predators. The investigation employed seed traps,
potential seed predation rates by using jackfruit seed as models, camera traps, preference index
and ground water level. Three factors of the existence of the interaction between post-dispersal
seed predators and seed productivity phenology in tropical peat swamp forest were verified: 1)
the plant species with high preference index produced seed synchronously; 2) if the population
of seed predators decreases due to some effect, the potential seed predation will decrease;and
3) the ground water level correlated significantly with the potential seed predation rate.
Keywords: seed predation, seed productivity schedule, tropical peat swamp forest
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Difference of hoarding and consumption behavior among seed-caching
rodents in Dujiangyan Region, China
Gang Chang, Zhishu Xiao and Zhibin Zhang
Beisihuanxilu 25, Haidian district, Beijing
Email: changgang@ioz.ac.cn
We selected Edward’s long-tailed rats (Leopoldamys edwardsi), Chestnut rats (Niviventer
fulvescens), Sichuan field mice (Apodemus latronum), Chevrier’s field mice (A. chevrieri),
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White-bellied rats (N. confucianus), Himalayan rats (Rattus nitidu) and Norway rats (R.
norvegicus) as the experimental rodent species and Quercus varialilis, Q. serrata, Lithocarpus
harlandii, Castanopsis fargesii and Camellia oleifera as target experimental seeds in Dujiangyan
City, Sichuan Province, China. In the semi-natural enclosure, we studied the behavioral
difference of these rodents on seed predation, removal and hoarding. Meanwhile, we also
studied the effect of seed traits on seed dispersal by rodents and discussed primarily the diffuse
coevolution between seeds and rodents. The main results and conclusion are shown below:
Among these rodents, Edward’s long-tailed rats, Sichuan field mice and Chevrier’s field mice had
obvious caching behavior. Edward’s long-tailed rats were mainly scatter hoarding, Sichuan field
mice and Chevrier’s field mice had simultaneously scatter hoarding and larder hoarding. Others
did not have obvious caching behavior (only two: Chestnut rats and one White-bellied rat had
been observed exhibiting caching behavior), and they were only seed-consumers.
Edward’s long-tailed rats ate and cached all the five seeds species. In quantity, they cached
more Camellia oleifera, Lithocarpus harlandii and Quercus varialilis than Q. serrata. All
Castanopsis fargesii nearly been eaten in situ or after removal. As for Sichuan field mice and
Chevrier’s field mice, they removed and hoarded the four seeds species except Camellia oleifera,
and they preferred to larder hoard Castanopsis fargesii and scatter hoarder Quercus varialilis
and Q. serrata. Chestnut rats ate all the five seeds species in situ and after removal.
White-bellied rats also ate the five seeds species, and they ate more seeds in situ than after
removal. Norway rats did not eat Lithocarpus harlandii, they ate more other seeds in situ.
Himalayan rats ate almost all five seeds species in situ, and only removed a few Quercus
varialilis to eat later.
Edward’s long-tailed rats or Sichuan field mice and Chevrier’s field mice all preferred to cache
seeds under the grass or shrubs. Moreover, Edward’s long-tailed rats also preferred to cache
seeds near the wall of the enclosure.
The traits of seeds had significant effect on hoarding behavior of rodents. Both Lithocarpus
harlandii and Castanopsis fargesii had great nutrition, but because of the thick seed coat and big
seed size, few rodents ate the former in situ, most of them being removed and cached by rodents.
In contrast, most of Castanopsis fargesii which had thin seed coat, small seed size and low
tannin contents, were eaten in situ. Camellia oleifera, owing to high crude fat and low tannin
contents, attracted Edward’s long-tailed rats to cache them more. Sichuan field mice and
Chevrier’s field mice preferred to cache Quercus varialilis and Q. serrata which had high tannin
contents. The results suggested that diffusion coevolution exists between rodents and plant
seeds.
From the results of experiments we conducted in Dujiangyan Region, we knw that not all local
rodents hoarded seeds. They differentiated in seed consumption and hoarding. The traits of
seeds had significant effect on hoarding behavior of rodents and there was a diffusion
coevolution between rodents and plant seeds. Edward’s long-tailed rats, Sichuan field mice and
Chevrier’s field mice would benefit forest establishment and regeneration through their scatter
hoarding behavior.
Keywords: hoarding behavior: seed-caching rodents: diffusion coevolution
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Seed coat hardness mostly determined seed removal by small rodents in a
warm-temperate broad-leaves deciduous forest, China
Hongmao Zhang and Zhibin Zhang
Institute of Zoology, CAS and College of Fisheries, Huazhong Agricultural University, No. 25
Beisihuanxi Road, Haidian District, Beijing 100080, PR China
Email: zhanghm0623@tom.com
A lot of seed characteristics, such as seed dispersion patterns, seed size and mass, hardening
time, moisture, energy and soluble carbohydrate content of the seeds, seed nutrition and
secondary chemical compounds, has been identified as affecting seed preference by rodents.
But few studies have attended the effects of hardness of seed coat on seed removal by small
rodents.

172

Program & Abstracts
In this study, we artificially released intact seeds of wild apricot (Prunus armeniaca), wild peach
(Amygdalus davidiana), cultivated walnut (Juglans regia), wild walnut (Juglans mandshurica
Maxim) and Liaodong oak (Quercus liaotungensis Koidz.) (all of them have relatively hard seed
coat except Liaodong oak acorns) in different seasons in the Dongling mountains, western
Beijing, China, to validate their possible removal sequence by rodents in the field. We measured
the morphological and nutritional traits of each experimental seed species in the laboratory. Our
objective was to investigate which trait of the five seed species would primarily determined the
seeds’ removal by the local rodents.
The results indicated that the survival times of the released seeds at station were significant
different among seed species (Cox Regression: Wald = 1 122.568, df = 4, P < 0.001) and
seasons (Wald = 1 712.081, df = 2, P < 0.001). Their median survival times at the seed station
increased in the following order: Liaodong oak, wild apricot, cultivated walnut, wild walnut and
wild peach in all seasons, and they were significantly and positively correlated with seed coat
thickness in all three seasons. So the conclusion was that the five seed species suffered from
different predation by local rodents, and their survival times at the seed station were primarily
determined by the seed coat hardness.
Keywords: seed coat hardness; small rodents; seed removal; seed traits
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An assessment of learner-centered public education in Xishuangbanna
Tropical Botanical Garden
Ling XU, Jin CHEN and Hongxiang ZHU
Xishuangbanna Tropical Botanical Garden, CAS, Menglun, Mengla, Yunnan 666303, China
Email: xl@xtbg.org.cn
A central scientific pursuit within modern botanical gardens is in the stewardship and
dissemination of information for public education. Scientific public education is subject to
continuous re-evaluation and subsequent change in content and methodology; however, many
educational programs lack proper alignment of the educational objectives to the psychological
and affective domains. Consequently, in many cases no valid evaluative criteria for the
educational activities exists. Our paper presents both the educational activities and the case
studies to evaluate public education within the Xishuangbanna Tropical Botanical Garden
(XTBG), China. The practices and findings from the study significantly contribute to the
discussion on methodological aspects in the public education role of botanical gardens in
general.
Keywords: learner-centered; environmental education; questionnaire
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Carbon stock and soil respiration of tropical seasonal rain forest and
rubber plantation in Xishuangbanna, Yunnan, SW China
SHA Liqing and FANG Qiulan
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, 88 Xuefu Road,
Kunming, Yunnan, 650223 China
Email: shalq@xtbg.ac.cn
Large area of tropical rain forest has been replaced by rubber plantation in Xishuangbanna. The
area of rubber plantation expanded from 5 ha in 1955 to 1.9×105 ha in 2005. This land use
change has greatly effected biodiversity, and modified carbon stocks in vegetation and soil
respiration rates. We estimated carbon stocks in vegetation based on biomass and soil
respiration rates by alkaline absorption method. The results showed that: (1) The carbon stocks
in aboveground biomass of rubber plantation (12-, 38-year-old) and rain forest are 54.18, 159.14
and 346.3 t·ha-1. (2) There were remarkable seasonal changes in soil respiration rates of tropical
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seasonal rain forest and rubber plantation, maximum in October and minimum in February. (3)
The annual CO2 effluxes from soils under tropical seasonal rain forest and rubber plantation
were 2.64 and 2.80 CO2 kg·m-2·a-1, respectively. (4) The Q10 values of tropical seasonal rain
forest and rubber plantation were 2.16 and 2.18, respectively, which were higher than those
reported in other tropical regions.
Keywords: tropical seasonal rain forest, rubber plantation, carbon stock, soil respiration, Q10
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Extrafloral nectaried plants in wet seasonal rain forest in Xishuangbanna,
China
LIU Jing Xin 1,2, CHEN Jin 2
1
Graduate University of Chinese Academy of Science, Beijing, 100039, China
2
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Science, Mengla County,
Yunnan, 666303, China
Email: liujx@xtbg.org.cn
The taxonomic distribution and abundance of plants with extrafloral nectaries (EFNs) are
reported for seven wet seasonal rain forests, three are primary forests, the other four are
secondary forests of different ages in Xishuangbanna Nature Reserve, Yunnan, China. Fifty-two
plant species belonging to 23 families and accounting for 12.3% of 424 angiosperm species
checked in the field were found to have EFNs. The Euphorbiaceae (19 species) and Fabaceae
(6 species) were the families most frequently bearing EFNs. The percentage of EFN-bearing
species within the seven communities ranged from 9.5 to 18.5, while the Two-way-Anova on
EFN species abundance showed that factor “community” did not make a significant contribution
(df=6,18; F=2.369; P=0.073) Instead EFN species abundances were significantly different
among life forms (df=3,18; F=7.612; P=0.002), the order is Tree＞Shrub＞Liana＞Herb. Further,
the difference of EFN-bearing species abundance between primary and secondary communities
is not significant (Pdf=5=0.271，two-tailed test), though the later is more abundant for species
with EFNs (14.3±3.7%＞11.4±1.7%). In the three primary communities, we found that the 1st
layer trees had 30.1±15.6% EFN species, the 2nd layer tree had 12.8±1.4% EFN species, the
3rd layer tree had 17.4 ±3.3% EFN species, shrubs had 9.7±5.2% EFN species, however the
differences were not significant.
Keywords: extrafloral nectary; EFN; plant-animal interaction; community survey
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Population genetic diversity of Phyllanthus emblica L. (Euphorbiaceae) in
dry-hot river valleys
Qiaoming LI*, Jianli ZHAO
Xishuangbanna Tropical Botanical Garden, CAS, 88 Xuefu Road, Kunming, 650223 Yunnan
Province, China
Email: lqm@xtbg.ac.cn
Phyllanthus emblica (Euphorbiaceae) is one of the predominant species distributed in the dry-hot
river valleys of south-west China. It is considered to be important to the ecology, environment
and reforestation, and also an important medicinal economic plant species. In this paper, we
surveyed the genetic diversity in four populations of P. emblica sampled from dry-hot river
valleys, by using ISSR (inter-simple sequence repeats) markers. Based on twelve primers, 135
clear and reproducible DNA fragments were generated, of which 115 (85.19%) were polymorphic,
and the value of PPB was 85.19%. Moreover, the coefficient of genetic differentiation (GST)
equaled 0.1222. Such a high level of genetic diversity and low level of genetic differentiation
among these populations could be caused mainly by the breeding system. Furthermore, there
was a lack of significant association between genetic and geographical distances (r = 0.19798, P
= 0.6513 > 0.05) between the populations of P. emblica. The results gave us some important
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information about ecological reforestation of dry-hot river valleys.
Keywords: dry-hot, Phyllanthus emblica, genetic diversity, ISSR
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Seed fate determined by seed size, nutrition and tannin content ersus
influencing roden's feed behavior
Bo WANG, Jin CHEN
Xishuangbanna Tropical Botanical Garden, CAS
Menglun, Mengla, Yunnan 666303, China
Email: yangblue@xtbg.org.cn
Pine forest is one of the dominating vegetation types in the Northwestern Yunnan province, China,
Pine seeds are commonly consumed and dispersed by rodents in this area. Our studies aimed to
understand how and to what extend the seed traits influence feeding behavior of rodent and
therefore determine seed fates. The study included observations of seed fate of four common
species (Pinus armandii, P. yunnanensis, Abies sp. and Viburnum sp.) and 15 different kinds of
artificial seeds (Made from clay, tannin and powder of P. armandii with different proportions: seed
size 3 × nutritional content 2 × tannin 2 + CK 3), which were placed in pine forest with every seed
a specific marking number. Rodent (Apodemus latronum) was the only seed consumer and
dispersal observed. A. latronum preferred to cache P. armandii seeds with big size and high
nutrient contain and only consumed other three tree species in stiu. A. latronum preferred to
consume and cache the large, high-nutrient and no-tannin seeds over the ones with small-size,
low-nutrient and tannin-contained. Both natural (83.1%) and artificial seeds (90.6%) were mostly
cached within 5m, and most caches (100% of P. armandii and 93.3% of artificial seeds) contained
only one seed. There was no significant relationship observed between the distance of the caches
and seed traits. The study indicated seed fates are virtually determined by seed traits such as
seed size, nutional content and toxicity.
Keywords: seed traits, dispersal, predation, rodents
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13. Satellite Workshops
Four satellite workshops have been scheduled before and after the 2006 ATBC annual meeting:
（1） Chinese National Canopy Workshop, 15-16 July 2006, Kunming, Yunnan, China
（2） Workshop on Sustainable Development and Biodiversity Conservation: Consequences
of Land-Use Policy, 22-29 July, 2006, Xishuangbanna, Yunnan, China
（3） Training Course on Advanced Techniques in Frugivory and Seed Dispersal, 22 July - 5
August 2006, Xishuangbanna, China
（4） The 7th International symposium on fig-fig wasp biology, 23-26 July 2006,
Xishuangbanna, Yunnan China
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