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Conservation Ecology studies of Isahaya Bay concerned with the reclamation project
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In April 1997, the inner part of Isahaya Bay was shut off from the Ariake Sea, western Kyushu, Japan with a dike for
reclamation. After this isolation, in the both inner and outer parts of Isahaya Bay, aspects of water quality suddenly
changed, and fauna of benthos was drastically replaced. However, a "front dike" of the Isahaya Reclamation Project has
not been yet completed, so it has sufficiently been left the possibility of reforming the mud tidal-flat by opening water
gate in the near future.

In this study, we are monitoring using the mud samples got by the bottom sampler at the 66 fixed points of inside and
outside of the dike for reclamation of Isahaya Bay since 1997, and analyzing the changes of water quality, bottom
sediments and benthos fauna caused by the Isahaya Reclamation Project. Sediment samples were collected from the 50
fixed stations in the outer part of Isahaya Bay in November 2007 and June 2008, and also collected from the 16 fixed
stations in the inner part of this bay in June 2008.

As a result, in the both inner and outer parts of Isahaya Bay, number of species and mean individual density of
benthos rapidly decreased from 1997 to 2000, and then only few species increased from 2001 to 2003. However, from
2004 to 2008, most of them have disappeared or decreased rapidly in the both inner and outer parts of Isahaya Bay. We
published these results at the symposium and scientific papers, and appealed the crisis of the Ariake Sea to public.

The results of this research was used as the theoretical ground to require the investigation of opening the gate against

the Ministry of Agriculture, Forestry and Fisheries in June 2008 by the Japanese Association of Benthology.
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On the plateau in the Nemuro Peninsula, eastern Hokkaido, wetlands recharged only by summer fog without inflow
of river are distributed on the flat terrace at the altitude of 25-68m and present a habitat of boreal wetland plants. Our
research for the developmental history of the wetlands by our boring and outcrop investigations of peat revealed that the
wetlands began to develop at least before 13,900yBP. Based on pollen and plant macrofossil analysis, vegetation history
of the wetland was clarified. Larix gmelinii and Picea glehnii composed wetland forests before 6,400yBP and peat did
not developed between c.a.6,400 and c.a.3,000yBP after the fall of Mashu Tephra. Moor maintained by summer fog
should have developed since c.a. 3000yBP. Although the aridification of moor by ditching was accelerated recently, the
wetland in Habomai should be conserved considering by the long history and the preciousness that the moor was

maintained with recharge by summer fog.
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Habitat use of endemic crucian carp ‘Nigorobuna’ in south basin of Lake Biwa

Lake Biwa Fisheries Research Group

Yoshio Kunimune, Kazuyoshi Komeyama and Takeshi Yamane
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In August 2008, the Japanese Environment Ministry registered “Nigorobuna” (Carassius auratus grandoculis) , an
endemic subspecies of Lake Biwa, as category IB for its red list of threatened animals due to a significant decrease in
their numbers during recent years. Nigorobuna is used as an ingredient for funa-sushi, and it is highly valued in the
fishery industry. To increase its population, a tremendous number of juvenile fish is introduced to Lake Biwa on a regular
basis, but a positive result from these introductions has not yet been scientifically confirmed. Therefore, it is extremely
important to protect the existing adults and their spawning grounds. However, the ecology of these adult fish, especially
their seasonal migration patterns and their behaviors during the mating season, is not clearly understood. This research
experiment was performed to determine the Nigorobuna migration patterns in detail throughout one year using the
acoustic telemetry.

Since it is considered as the biggest spawning ground for Nigorobuna, the southern basin of Lake Biwa was chosen as
the research field. Twenty three fish (TL:40.3 + 3.8 cm; BW: 1.04 - 0.33 kg) were caught by a set net positioned at the
western shore.

A transmitter (V13-1L, 69kHz., Vemco Ltd., Canada) was surgically inserted into each fish, and all fish were
released between April 24, 2007 and May 29, 2007. The weight in water of a Vemco transmitter is 6 grams, and has a
battery life of more than a year (450d). It transmitted the pulse train with random delay (30-90 sec) . The signals from
the tagged fish were automatically recorded by 23 receivers (VR2, Vemco Ltd., Canada), which were placed mainly
around the southern basin of Lake Biwa. The data received were manually collected from these receivers every three to
four months to record the movements of individual fish. The same experiment was performed with “Gengoroubuna”
(Carassius cuvieri) , the endemic species of Lake Biwa.

During the first 2 months after the release, the signals from all fish indicated that they mostly stayed near the release
location. Remarkable differences in their habitat use and immigration patterns were observed between Nigorobuna and
Gengoroubuna. Six fish of Nigorobuna provided continuous migration patterns for the entire year, and revealed that they
stayed mostly in the southern basin of Lake Biwa especially during the mating season. The results confirm the
importance of the southern basin of Lake Biwa as the spawning ground. Further environmental protection of the area is

suggested to preserve the population of Nigorobuna.
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Alpine vegetations are considered to be sensitive to environmental change. This assumption is supported by an
increasing number of observational studies. In order to monitor vegetation changes on high alpine ecosystem, GLORIA
project is under way all over the world. GLORIA, the Global Observation Research Initiative in Alpine Environments, is
an international site-based network for the study of climate change-induced impacts on high mountain biota.

In this study, in order to establish a baseline for observing vegetation changes on high alpine ecosystem of Japan, we
investigated the vegetation based on the method of GLORIA at Mt. Koma and Mt. Sannosawa in central Japan.

We set 4 permanent quadrats of 1m X 1m at 15 sites on 6 regions and divided the each quadrat into 100 small grids
(0.Im X 0.1m) . All vascular plant species were recorded each grids. Shannon-Wiener diversity index (H’) was
calculated to compare with species diversity between study sites. Morishita’s CA index was used to get similarity between
two communities. Principal component Analysis was conducted to classify the each community. Soil surface temperature
(at depth of 0.5~1cm) was automatically recorded with data loggers at 1-h intervals to determine the timing of
snowmelt.

In the study sites, timing of snowmelt was considered the main factor explaining the vegetation difference between
sites. It is well known that alpine environmental conditions and vegetation change rapidly due to variations in the timing
of snowmelt. We need to monitor the relationship of timing of snowmelt and vegetation in the future.

Second factor was considered the distribution of the shrubs. The diversity index had a tendency to decrease at the

sites that shrub species were dominant. It is likely that expansion and contraction of shrub patches need to monitor.
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Hachirogata was a blackish and second largest lake in Japan. This lake was reclaimed by 1966. Ogata-mura is a town
that has been established on the reclaimed land. Akita Eco-park has been made right on the residential area of
Ogata-mura .

In 2006 Potamogeton panormitanus was discovered in aquatic areas of the park. This aquatic plant is submerged
plant and grows in blackish waters usually. P. panormitanus has been designated an extinct species in Akita Prefecture. In
manegement of this park P. panormitanus is taken away as weeds having no sense of beauty. We work basic investigation
for the conservation of P. panormitanus and the ecosystem.

We made a correct ichonography of the water area taking a measurement. And we surveyed environmental elements
as water temperature, speed of the flow and water quality. Also we studied flora, fauna, vegetation and the relation
between the plant and the other life in the water area. In addition we observed and recorded the life cycle of P.
panormitanus, such as bloom and germination through a year.

We heard further details on the history of park development, the way of planting and manegement, and estimated the
origine of flora in this aquatic area. In conclusion we made some suggestions about how we manage the park better, how

we use it as a place for lifelong learning and how we investigate henceforth.
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Water quality management in Miyajimanuma by winter-flooded paddy

Miyajimanuma-no-kai

Yuzo Fujimaki, Katsumi Ushiyama, Kyoko Okano, Toshikazu Kizuka and Masako Nakamura
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Deterioration of the aquatic environment such as eutrophication and water surface reduction is a great conservation

concern in Miyajimanuma, a Ramsar site in Hokkaido, Japan. Winter-flooded paddy has a potential to be used as a

management tool to improve water quality and water recharge. This study examines whether winter-flooded paddies can

purify water and reduce nutrient input to Miyajimanuma. Winter-flooded paddy reduced the quantity of total nitrogen

and total phosohorus, and the reduction was greater than that of the traditional growing method. Denitrification and

absorption of nutrients may be enhanced in winter-flooded paddies.
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In Gifu prefecture, there are concerns that the population of Japanese serow (Capricornis crispus) has recently
decreased as a result of an increase in sika deer (Cervus nippon). To clarify the interspecific relationships between serow
and sika deer, we first investigated the population dynamics of serow and environmental factors affecting the habitat
distribution of both species. The population size of female serow (estimated by cohort analysis using harvest data) has
been decreasing since 2000. The habitat distributions of both species were affected by altitude, where serow habitat was
generally higher and sika deer habitat lower. Secondly, we investigated methods of species identification by analyzing
DNA extracted from feces in areas where distribution overlapped. We were able to prove the usefulness of this method,
although the success rate of identification was low, at 25%. The density of both of populations was estimated by transect

methods to be 2 / km?. It will be important to consider interspecific relationships for appropriate management of serow.
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Redlist for Moss and Fungi in Osaka was made for trial. As the information basis for these cryptogamic species were

not well organized, The redlist study group was formed by researcher and amateure, and started to gather new from

fields, and excavate old information that was published local and private magazines.

As a result, we obtained lots of record of fungi, re-examined record by museum specimens of mosses. And we

focused on some type of habitat that is no report had made before, such as coastal sandy pine forests and so on. Based on

these results, we tried to make up red list of Sakai city with 7 species of endangered moss and 6 species of fungi. More

over, we made up substantial basis for future redlist of Osaka prefecture.
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Seminar for Conservation Practitioners: Comparative analysis of captive breeding programs

for establishing self sustainable captive population of Japanese endangered species.

CBSG-Japan
Shin-ichi Hayama
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Conservation of Trail which is Used for Monitoring about Ecosystem in Wetlands,

Natural Habitats of Japanese Red Maple in lida, Ngano Prefecture.
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Monitoring of Animal Car Kills in Tsushima,
the only habitat of the Tsushima Leopard Cat

Tsushima leopard cat’s roadkills preventing team
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Development of environmental education program based on life history studies

of woodland herbs and conservation of lowland forests.
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A publication program of brochure on prevention of habitat extension
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Publication of leaflet for en lightenment “Shallow sea deposits on Crefaceous

of Japan Specification Natural Monument in the Inubousaki” and Ecological plants,

Flora of Choshi sea-shore

Society of under standing to nature in Choshi region
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Centering on the relationship of human life with a coastal and estuarine Environment
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The Tokushima Nature Observation Society
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Spread of seaweed art to notice the importance of natural environment

Seaweed Art Association
Michiyo Noda
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Project on the conservation of endangered wildlife in the urban area.
— Acheilognathus tabira nakamurae and Gymnogobius uchidai in the Tatara River, Fukuoka City —

Wildlife Conservation Group around Fukuoka City
Norio Onikura, Takuro Hattori, Jun Nakajima, Kimiko Kouno, Katsuhisa Eguchi,

Wataru Onishi, Shingo Kawatsu and Kouken Tsuchiya
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A few freshwater fish species have become extinct around Fukuoka City, Kyusyu Island, Japan, and several
bitterlings and gobies are currently facing extinction in this region. We conducted field surveys on Tatara River, which
flows through Fukuoka City, in order to collate ecological information required for efforts toward the conservation of
these fish species. In addition, a lecture meeting, an exhibition, and several field excursions were conducted to enlighten
people in this regard.

During the field surveys, several threatened species of bitterlings were found only in the lower reaches that are rich in
vegetation and have large dry riverbeds. A few threatened species of gobies were found at the mouth of the river, and
spawning sites of Gymnogobius macrognathos, which has been classified as an endangered species in the Japanese Red
Data Book, were found in a muddy flat. This ecological information may facilitate undertakings toward the conservation
of these threatened species.

In August 2007, we convened a lecture meeting and an exhibition at Kyusyu University, on wildlife inhabiting Tatara
River. The meeting and exhibition were attended by approximately 100 people. Between February and September 2008,
we conducted 6 field excursions involving observation or sampling of wildlife at several sites along the river. Each of
these events attracted approximately 10-50 people. We consider that these events were effective in creating awareness on

the status of wildlife species in this region.

— 145 —



7a - Fhy—7 - 77 REI8H BIRAURHEE (2009)

A RMOAEMZEENE & WRIFIZ 3T 2 AW FAE AAEH]

B HHAEMRRE 7 v —7
gk FIEAH V- m gk - B R - /KN IEW - Ot D)

THE B - A 5. e

=W BHE

BA f - 5N s - OB

Biodiversity and biological interaction in Harukoyachi Bog

Harukoyachi Study Group

Mahoro Suzuki, Hiromu Iwabuchi, Toshio Oku, Masa-aki Komizunai, Kou Date,

Takekatsu Chiba, Satoru Nakamura, Ken-ichi Naruse, Kousaku Numakunai,

Tsutomu Hasegawa, Hirohumi Hayakawa and Shoichi Yoshida

FTAMIE, EFILEES450mICH > TléhaD U Z b OFHDRIBFETH D, Y7 NV —7 132
WAL L o2 ® DR OHIR R T 5 7=, 20074F ) HBEFKICONT T, AW ORI A
& IRHEEAT oA AR BRI BT B AR SR 2 1T - 72,

FAEOFER., FHEOAREMOH 2 B i, ENPIRLE OB ASEHRER R SN 7130, By

B HIISoMr < lZDiE 72, — ., EHREEOSHIZLY

19704 BNV ) FNEGRIT i &

PER LT3 IBRHERE340% LA B LT 2 &3 in oz, BTG H V BUEIIfMER C& 7
WIXF R REIE, CORBEZ T TEEENED LIzb DB HND,

AEOTEIZ & > T, BFEHDBAMNOEM SN & AW 22T 5 ECHFERICEE L fEx
B D2 ENER STz, TNOORRE £ LD BROR#ERE L RET DMEFLIER LT,

1. AZEOER - B

BT, MM ORKREWE L OETRA
RERERAEHIRICIEE S, BEY TAAROEER
H1500) IZHRESNTWEHDREBRTHD, AW
MICET 2B NE TIZH 2O OSER ST
W, RRIIHEE TR ORI oOR R
IZRR BTV,

—Ji. PERM LI SN T E B TR LY
O, IEEZDLOTHARLDO LR 505D,
COFETIE, FHOBRREPITELE DI E
THAREMLH D, FBE, FAMICHETS
T OB BRAFEDOBEIERC, B OBAFE - 4372
ELEBIZBWTHEM RN ERSOH Y | T

WO OEMIZ B E 5 2 D720,

L7z T, BFAHOEYHOBIR Z EfEICE
L. ZOMEZBFRET 2720, BRERREWH
HEZITH>MLEERESE-> TS, T, JFUERE
EEHLRIBMOEMSEEDIREE B X HToDIC
& R L OVEE O AR L OFE D> EIZ2N T,
BRI e a3 Z EBRETH D,

Z Z TR B, 20065 FKICE A HIAE AT
T N—T%NH B, 20074EF D> 520084EFKIZ 20 1)
THRERELZFEK L=, ZOMECik, @EICHA
KR L Tp o T VBRI OV TR, AR & SCHkie sk A
I L-ET, Zhbilkigcxs 7yt -7
TOT—HEBWHREICL > TNET D L H8DT,

D) EFRIEWEE R RS R4

— 147 —



fthz, ZIVE CTIHERRE SNRD o SEHRICD
ERABE, WARHELZFEM LU, o, mHRrE
DOFER &R TR B - FHEMER RO OBIRIZ OV
THEEITo 7,

HE TN —T DAL NR—=D% L1, 20064ELLRTIC
LETAMOEYREICE D> TR E LD, KA
ROT—H &Lz OOREEME T, Fro
OEMIZE LT, BEEETE LN TV D IEREZ v
IRIRY BT D L BT,

2. AEHRICDOINT
FAAHUIRR A FRBERAD) 13, & F Lo A,
JEAE395£48.0%) « HIR141 82,277 « FEE450mI 7 &4
% (K1), BIEOHEEITNI6haT, HTFENOWEM &
L TR RHRTH 5,
BT, BT S ORFKINE SRS
TR SIVZIR R Th 5, IWRDTEITV
FHRIC, A4y GRURD) 282 2245 (BERD) X 0 BR2fER
<L AEERAMEUTW S (K2), B AR 2> b AL R F )
AR E T D KRS A b, WEALE ORI T
EWMNDEE O/ EATE LTtk eI~

HH - EHA(2008) 13, 1A HIO PS> TSHIR D
RV > V% FEH L, 4CHEMRIIE & 7 7 T 0B &
OAER I HTIC L0 | RJFHERE Ik T b 259
13 4004E A HERE & bhod 7= Z & A B Lz, Liz
MBoT, BIEEFRTHONATHLHT, 1AM

R BEREO VRO —D>TH 5,

@ EEh

ook 2 O =

3940

/

1 B HoOALE

M2 FFHHOIMNE L TR XIS

— 148 —



MBI OALVE IS T EFI40FEARUC L B - Rk & 72
DDIRR IR EHMA B 5, MR % & Te Z O 0 Hlsk
X, S SEREHL - o E L TR s T
WA, Z Ok A ETeE T ILEA~O AR - B
WHEST-OREEOZ EThD, BFAMBRITE
FHE 43 A3 19694F (B FN444F) 4 A 26 H T IR 0 KK
FLAMICHRE S, 19964F CFks84) 6 H 14 HIZ X,
B3 % & e38ha i’ A F IR O B ARER AR A U I HE
EEni,

3. MEDAE

B AL AT 122007455 A 72 5200849 H & THE i L 7=,
TAEITSENE D | 20054 [E 1 HFRBE RS D 42 h B EL )
DIEJE DMK 2 ERL L, FHAH KA 1600 XI5
. AR A K S TR LT,

FAREIEE X, kO LB TH D, 1. HEE AU
W, 2. BEEHE. 3. LEEEM. 4. KAERFTHEEY.
5. MGAHREMR. 6. BB RR (T2 vEERLS) 7. H
FMER B8 FifEER R (T3 v 2R Lo
R 9. ERMER R LM ORK, 10. v YL
FHAR/ULvEaY 1l TOMEARR, 12. B
¥,

FErAMCix, AT a vEPNMRENSR L 725 T
B, BREZRET D7-DI10LSOTEA TIlXT 3 v
ZIANRAESRI RN OERW 2, RWEIE, A MR T
TeR_A NI T WRNT T RN T
T O, FEROW R 7 & AR W TIT o 72,

BHFIE 21T 9 127> TlE, IR R~
HFEEEZEH L, HEBIXOEBEEN ST AFA
BB, £, REENEFRAESCMOLEYIZE 2
DB a i/ NRIZE EH DT, SEADREE A Y
WsmlETE LT,

BUHIERAIC N 2 C, AR & STIROFRE 2 R T,
WEICFE AR TR S NTAEMZE T 72T M8k
L. BIEOEMME L DIig a2 AT, £z, Z=HE
B BB E60F M O F T A O A2 b % Fi A B>
72

FHEORRIT TR+l iREa®REE] ok
LDz, REEOKRBIZIIEWEFKE T, WEI
HEROH A HDICHONTIIH LA 26T 7,

4. AEBR
1) HFraotmH

ARRESL L ORI NV —T O EIC X 5200644
AIOMEIC LV FETAMCisk SN EMOF T,
FRLT_NE L OEHT D,

A Y TR D Caloptilia issikii ~ TE N2 ) N<
XA Y W (Ghr) 1%, RALRIEEER CTdH D (B 2008),
ETATB O Prays sp. Y F X E=& A H ({KH) &
NEZ Y RO Lyonetia sp. 7~ ) FNET Y (R
) X F RO ATREME E v (B 2008), N T 7RO
Melanogaster pollinifaciest> A 7 Z<vt 7 X7
78 & OEupeodes latifasciatust @ A ¥R & T H
T 7%, AARTHD TRidk S vl (BiARIED 2005),
VU LATE IR T Y T Ay D1 Lachnaeus sp.iE H
ARLEEDOB T, SEREINTERNBELLH
NTHIDTTHDEWD (FHE - B 2008),

7 v 2 v v RO Hydroporus uenoi b 7 v =
o vIXREEE T, £2ETHAFTHARLATWS
HCTd D (A 2008), ZOfizd . SOFEITMEL H
DAETFRTOVRERE 2o 7, IR & BRPENS
HTII7 A e AU ¥niEmshiz, mEes b
FHE L TV D ATREMED B D (i 2008),

B CIXFR v A T I B D Fissidens adianthoides
XYY ARGk E v CGER - HEP 2008),
ZOfEFI—m vk, TYT TR T -
HEK - s - FECOE L, AR T E2
AT & AN EFTOIEFTOHNEMBATI Y . 4F
DFLEDAINT2HIH & 725 CE H B2, TME),

BEIAMITIINETICL, M TIIARe AL 7 7|
A b Fraxly BRTlEa<o oIl RINT
WFAEBHN T RO DIBHPEAEY DR E LT FE
WTHLZERMLNATWEDR, ARIOPHEICL -
T, BINOEMZ RS SOV EMHEEZR4ET 5 BT
FERWICEERMEL DLW TH D Z L1k
T,

BRI TH GRS S NI HEE FTRE L, A X
ST FFRXAVA | FFNRERY T NF F
YVTR AT M) BT FOSFETHoT, A X/ E
TIIEFRTIEIREOLLS =y R A X e F Lo T
FIESNTEZIZDIZ, EENLIFALTWZbDE

— 149 —



KD, HTFRIEMIEEEFRFEI2—TT A
FEARZE (IUM) OFTBIEAR Z fE Lic & 2 A B T4a 1
THEINTZAY 7 VRIINTR LA X/ ez
@ﬁ%@k%%f%to

W EICFLER B D DB CHER SR - T4l
ﬁ\ﬁu7v4\EXA)4\/T//%\:x%
FU, IINF, EAIT VD THoTZ, Zb
DT RTHEPE LT L fEFR T A DIXREHTH A 9 2,
SRXFRYVDEHICKUTHSISHEMIIRE E T Z
EDVEELWO T, RO REMERE W E B 2D,

(2) HETomoEWEMEEER

AL, ERMRESR - SHER R M ORR, &
VRECTHB I VI DHAERERNCHEEIT-
72e T ZTIEEHER RIZOW T D AT,

B AHOWEAER S AL O, d6 O
T OBEMAED <D LD ITHAL— FEED., 2003
FELIREEES A2 D10 £ TOMDA1~3H, JADF
WIER D B &2 RA THE 2 FEiE L=, FRI6H~17rE
OBOKIBEERL— b LE&E . ZORICBIERDS
VWV Z B A CIRRIZ D X 15 MU BB 21TV, 20
USRI LT BhR 2 T O ECERE L, =
OMNAEERRE LT 72, 2 LF a vHEICE LT

X, RESFR LR TV DTN WD T2 O L
B9, BB I OREIC L > Citsk L7, BRELT

BHF TN COEAREER - FE L, Big
L 7l 4, 2 fodk LTz,

RIRFH] & R AE

AL L 7o HE IRI60FE, HRAE L 72 B 32,0001 4
UETHD, TNETIZHEEDFEATFI440FE1,360
fERD 5 B, WIFPNES & JE T ChRE S /- L h836
TEUR DB DFFHEIZ DN T DR,

1) HORER

TRIFPES & BB IC W TEREE SN -3 ER o
WERIX, PAE60% L LBl L, #ioT 77
BAMEL LW, Zhid, BHFRIE TS DK
i, R (25ha, FEE45m) (23 CTHEMRE & R6TE
ELHBFRA A, AR &I IRHRIIC AT RT3 70 <
BEBE (FF T T 78D Belid 2 2 L 24aH L7
Kato & Miura (1996) & FIREDRER ThH -7z, X3
KA DFER: L Kato & Miura (1996) . FHEFHITAT D
BRI (9ha, AZE75m) MR H CIAE 217 - 7D
(1996) . ZHUZFHRIF D Efift (Inoue et al. 1990) & 75/4E
(Kato et al. 1990) DA RIS BRFIER A DT —#
Db, WAE - BEAE - $5AE OmES % ik L
bDOTHD, WTNOFETH, ZD32OHOE
R RIEEREL DI %L, LA HH T,

AR & 92 & IR TCIEORR B OB BRSNS
STV (K3), FHEHBSHAE DK% b 53T )
FHEHOL 1T, LR EIEIHHRA - E2OERR SITE
B 20T, WMRICITERIHE LIS HRd7mnz

CIEHALNTH D, —FH, MHB ITKPOEEE O
PTHEBEREZB ST L ONEL, BoBREEIT Y
EARS - FEf L b2 <D, 2D LN, SRR

F IS4 it R FIEM
(Kato & Miura 199680  (3EREIZHN.1996)
wF T FHE
I TR
M E
[ |1as
Bi = e
(Tnoue et al. 19307 (Kato et al. 13307 §é@§
X3 FHEER BFAEFAEICK T 2 RME - BEAE - ¥ E OFEEt

— 150 —



FOMBIC B LTS EEZ OGNS,

2) MAH DRk

EH T, BifEtER R OF TH RN T TRR
HOLEENRKEN EBFNHoT=(X3), BFH
HCE, BRSNS N TR BEEE L E)
oz, BFAHOMIENES - G CHRE S NFEE
SNToTFT T THRBBMEROE - FEIT32/Rm44FE T
bV, TR O16/E21FE, FRIEHMLO 158 18FE & o~
D EIEFIZE, I, BATIEERERTTIF
ENFT TR THZ L L, BTAMOmE
DRENWZEMRBEBRLTNDEEBZOND,
NFTZROMR E LT, SRRk

BEREEBME T DT H AT T T EMilesiiniz 1L U,

Eristalini72 & JEAE « EATH 70 & & & 9 DR 157
U bzdoi, —J. fkeikdse, 7774
7 EERER T S AR O Melanostomatini,  ZRAAE
THEAME D Cheilosini 3 72 v o T2, THLH D FR,
BHONTT THORMEST > Z N TE LI,

3) W H DRk

WA, MR L BRI TR S TR MR
216fEIROFL « BOMBIZ OV TERRD, FHH
T, anIAFRRIMERCEGELS 2 HdDTz, £
Tov IUNTFRRNANTRL, ZAXANTFR AFY
RFBBIL DN L LN TH -T2, 320
1R HL (R4 - R - TRYEH) ([l e i & LT
i, LD b= AT AFBOEE DN L
NEFHND,

BEONTIZERTE D FIE, v Eofn
HIERT DO X NFRF | AU NFRFD
fPENIZE A ETH D, HONTFIL, FEEOTZDIZ
SN DI ~MEAT DITEIZ VKL T
HEHERTE D, LEEN-> T, LR DM DEVT,
BERZOHO L0 EFEOBREEOEWEZ KL T
rEZLND,

BErAMOGE, HHI-CEIE RS 2R L0
A NTF ST FEEL - S BIES T, BRI
BLOEBE CIXNEBRETE 2, —F, Bk
DINFRFII DT oTz, vk, BEOALEIZIE
KIWERNSH Y . HFHOBRROERE S/ NSV
EEREBRBRBDTEA D,

ZOXHIT, ERICEERER AR T AT
DL AL EPBMODINBENEREALTND Z &
NHEZ T, BHMOPEICI T 5 B O 25H
W2, MR E O BARBREE A R & e A B 2 T
DHEHEMITE D, Lizmo T, BROBEAIZIE, &
HIPNEE OREY) - B ORI TR ABORS
ELEDLE—oOOEMIARE LTIRADLEN
D ENTINoT,

Q) HFroomitozib

19904EEMN S, BRI T oy ) X050
BYLR LTS Z LD ER S, IEFEITEAUTHED
BIFOHEK, &2 WIFH D EM~ORENER I
HE ooty LA LIHET, AEFEO R
DO FEMIRG SN2 Z & id e o T,

AKRE T, BrRl 20BN OZEHER M
B at A B A AEA R K ONE R AE O iz oW\ T
ERINEIZFER LT,

AFTEDROHEWEREIEL, 19484 0K Ehx
EObLOTH D, fbH L2005 E - Bk
DEHELIGLTHDL L, T LA OWAILDONLEIL60
FEM, FLAELED > TR (X4a, b),

FIG0FRIZ I L TR D &, IBEEEEICITIEE A
EEEB RN L, B O I 2B
Thbd, FrZ, A OWNLOIMT Y 7 FHROFER
HENIEF ICRE W, BHICEEDBRE NSO,
19814EN B 19974 £ TOMISETH 528, [REEDOM
FHFBEDHN TV D,

ENENOZERFENG | B OB 5545 O
bR E L —A L, N ERRE LT, miEx et
WLz, K5I, TOHEEEBAMAKIIR LD
DTHD, 194851 52005FD534F M I, {BIFOm
FEITHI40% 80 L Tz,

AT, IR O AEZ L, B A
TEHERICILD b O LRSI T D (FEIRF -
H A BSR4 2000), 19604E4%02 & DR
BIERBURIC L v | B ORI & 2 R 23k &
. FPE I OIRBE, & B AR RE AN IR S &
7polz, 19684 T, 1970 ITITITAIR N T
SERL LTV D, NTHE O &2 i 5 /N1 DR IS
BIFET MO TR CRICE LA RE VW L &, &

— 151 —



R5E THSE~ER DN SRR FE D3RRI
KEDSTZZIEEZEZRDLED &, ZOEMITRY
RHLEDOTHA I,
THOFRELRHFLEEFICET LT L HE
WEND I XF RV 7 IREHEORMIX, = Ol
HEEDOEBEZT-bDEEZLND, ZNHIE
RAARHICIB W IR TR L 125 2 7208,
A TFRLHA M T OEBFT N E b Th R
<, FEAFICHE LR oRED A EERICE L
TEEBZLE, BT TINGOENFRT D
ZEDOERITIEFITRE N, HCEHOMEAZIL,
INLOREDFHEENTHOTHY | 4% G
BOWB 2 EEES RSFDULER S D,

5, BEFAMERDORLICAITT
BJE DAY DD T- D12, FEASCHIEIZ® LT
5D NEMEENTETDZ 1T, EbHT

+
g4
7
Kda 19484EDFEF M
CkE#RE., FELEpiRit)
e

[Xl4b 20054 D& T HE L
([ 1= E e Ht e

BEEI[TONLDOINETHD, FFHCETHHOEEE
ITNZONWTIE, BUIEA OIS AWM OMRE £ 375
—IBRDRETHY, B NI L DRER
BOAEY~5. 2 5 FBE -+ PRI L, R L7z
ECEETZZENMNETH D,

FRRIC, BFARMOBFEIZIT 2 AARIEL S |
BIRA~DEELZ I THI L ECERICED S
NHERETHD, FFICBHIZHAT H2KOEEED
AL, MAICERREEEL 52 DTN H 5,

7272 L, T TIZER L2225 54 D5y OIRJFRIZ
DT, THIBRFIR O JEB I O A Mk 2 151E X
oA & RRE 7l & 52T 24T 5 DI L7
BT TIXIRWIEA 5 0, FBFRHOARED BRI
THIZH Y, HEORENRDINEEZEZX LD DT,
N7 FOEFR I TOMYEY | FHH (2008) 234
FT 55O RIESHEEOFE A &, BFEEED
OORBRMP LRI ZFET 50T HEHLTWD &
Bbohs,

EiFd
AT LIRS - 5 1 T 7224 R
BELSEH AR L EF £,
e w
o oy
° “ n
= G
* ]
@
Y
0%
)
1940 1950 1960 1970 1980 1990 2000 2010
¥

X5 RO (19484E%100% &4 5)

— 152 —



51 ALk

THERS - BRI, 2008. T OMOkRAER B, &
T RHA YRR A RS E © pp.49-52.

Gt Dy, 2008. &R HRITIZ 31T 2 BRI O &
. R e/ A RS E © pp.53-54.

BEAE R AndF TE - TSR - R R 1996, TRIE
V7B & I TR ORGAE R R ORI, 5
T B R O R T AR o D B B A A R
HE.

Inoue T, Kato M, Kakutani T, Suka T and Itino T. 1990.
Insect-flower relationship in the temperate deciduous
forest of Kibune, Kyoto: An overview of the flowering
phenology and the seasonal pattern of insect visits.
Contributions from the Biological Laboratory, Kyoto
University, 27: 377-463.

DA AL -V E PIBEIE. 2008, AT HIEL R OO A .
B AR A pp.8-9.

Kato M, Kakutani T, Inoue T and Itino T. 1990.
Insect-flower relationship inthe primary beech forest
of Ashu, Kyoto: an overview of the flowering
phenology and the seasonal pattern of insect visits.
Contributions from the Biological Laboratory, Kyoto
University, 27: 309-375.

Kato M and Miura R. 1996. Flowering phenology and
anthophilous insect community at a threatened natural
lowland marsh at Nakaikemi in Tsuruga, Japan.
Contributions from the Biological Laboratory, Kyoto
University, 29: 1-48.

PRHERE —. 2008. FFAHRIED T > T w THHIZ S
WT. FFAMAEMRERERSE  pp.23.

k. 2008, {RFENBIARDREIEME B, F A
EVFIRE RS S« pp.37-41.

IAREITA - TERE - KAAE. 2005, AFRNDL
BRESNINTT 72/, 132 dH 5, 20:3-10.

FERAS « HABANB R AR . 2000, -1 1w )5
TR RERTRA REWRES.

& HPIL - EAE L. 2008, T 1L A A HUE
JEDAERI 53T 70> & P2 72913 ,0004F 517 LA Fée DAl A= 4
B LR . B R RE, 81:228-237.

HHBE—. 2008. FFAHIBFICEIT S Tv2 U3
BB DA BAREL. BT AMAEM R A RS E
pp-45-48.

— 1563 —



Harukoyachi is a precious bog with an area of 16ha, located at 450m elevation, at the foot of Mt. Iwate. We,
Harukoyachi Study Group have carried out fauna and flora study and ecological studies on biological interactions in and
around the bog between spring 2007 and fall 2008, to comprehend the recent changes among organisms in the bog.

In the fauna study, we have found some insects which will be described as new species and insect species firstly
recorded from Japan. About 50 insect species have been firstly recorded from Iwate Prefecture in our study.

We have analyzed past aerial photographs of the Harukoyachi area. In the northern part of the bog, alders have
rapidly increased and expanded since 1960's, and 40% of the bog area was vanished by 2005. This vegetation change
should have influenced flora and fauna in the bog. For example, a hygrophilous orchid Platanthera hologlottis Maxim.
recorded from Harukoyachi in 1973 cannot be seen at the present day, probably because the vegetation has changed.

Our study showed that Harukoyachi is an important site for preserving biodiversity and biota in Honshu. We have
summarized our achievements and published as "the Harukoyachi Study Report", and proposed some guidelines for

conservation of the organisms in the bog.
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Initial stage of seedling along the regeneration of Japanese beech after the simultaneous

death of under growing dwarf bamboo

Bunakko Chousatai
Takashi Nishimoto, Akifumi Makita, Fumiki Nishimoto, Mineo Tsujita, Hiroyuki Kataoka,

Masaru Yamada and Takushi Makimoto

PV RIRK D T T MIT TV L OFEFIC LD RAENEE CTELDNEHFOERE LR L 2> TND,
19954EI T D —FFEFE L 7z R HMEL O 7 4T, $ET TER L T 7 R & 0%
AL ZEOFEELZBH T2 LI2L0, YT FROBHEREIZOWVTIHEEITo 7, T
DOFFELIRNZERE LTV 7 T OB AT RN g alic AR T2 & & blo, P o3ED
KEMEIC L > TRAELEZEOERAFTORSRITHIE L2 OO, < P3ER L CIEFICI A
L7mZEEL EHICEAN T L T, AT DHEBSOEEN LS AK LZOERE LD
HLV IV OBEENRS LZBEOH ThoT-, VN BIZBMIZKRE L T EEBX D ENTE
7T HEBNE, PV RN bRE T CHE LR S -7z, P03 LA AT L TR
B OTFHRTIE, BEFZEORELFEEBRY IR LUAERE LEZ 2 T hofENZIEHEE
A5k U CHAEIREEM 2 TR L Tz, RIHUS O U 34 E 9 2 08 K Cld AR+ 2 HER-C 324 3008
Y OEEIZL > TR, HIBEOTVHEEOLHFTTELL 2o T,

MILRZE OV AR TS %R T THRBERILIC L > TR T2 L PRI TWDER, ZLLE]
WY OEWEE DT DIZHEB OB PBRE SN THHRIZBITT 2 FTREENSE < 2o TWnd, L
ML, TV OBEELZEEICRTIET THRIIEERRTH D Z LR INT,

1. [FC®IC

HARD 7 FHiE% < OEEMHKICY P %5 T
WD, BRIRICY T NEET 2 7 Tt BEDR
FIZIESBOREDRET HHOD, 1 ZTLAERE
DEFED ) BITHFE LT LE S 7w, BN E - T
WA, BT AF v U ADRNWEE, 2 DT F
MR HFRICEDL->TLEIBZENRH Y | KERIC
L BT FHOBAYERENED BT TR, 5%I1T
TFMROBAICIRD T ERRDENTWS,
TP RBRER D 7 F RO BEHRRFRIZOWTIE, 7

ORI EZFAND Z LIck Y, BET LI RE

BFallET 200X ¥ v T OB, V¥ o—Fkh

BB, T OEEFE L OBENOEITE S L ST

% (Nakashizuka and Numata 1982a), L2k 5 &,
KRR DRl i 1L 140~ 1804F T db o 72 DITxE L

T, ANPERRIZA0~60FRRETH Y | MR E

LTWeZ &b, ARIRO B YRk R i plfE oo

FEBEIZ L DX ¥ v TIERIC & » THEHIMICIELE X

TRAEANUESNTNBEEO T THET 2T ¥

ACEENTENOLTHDH LELZL TS,

— 1656 —



T, MANBAIZ L > THHOEFLTWRNT
FHRTOFFIBIEIC OV TIL, KEARDHE 2320~
S04EDIETE Ao TE Y FRIRHIZHEAE L B X
LD LMD, ZHDOEAN I NEX Y v T D
FERICE D EHIND ZERHLMZENTWD
(Nakashizuka and Numata 1982b) ,

EBICY RN ASRAE L7 T HROBA I, F
AT 29O T CIIHBOLEBTNHES DM, W
PO E BT TOAERRITEL L-oTRY,
—FARBE DRI & Y DEE RN T T O H &
RODEERBERNTHDLZ ERHLLITESTY
% (Nakashizuka 1988), & Z A2, KN THRAE L7 FE
R EDO XD BREHFOGFFTTEEFE > TV DN
W DWW, FEAEZMKGE L CREF L-H7 ) 51Tk
T BT ITWHARN,

FHRMKD 7 FHTIEL, 7T EETL L OHRE
PO F TORFESLEWRED DI, SR B
FIZLSoTHELTLENEENVZTEHK SN
RNZEREMEINTWA, MILEOTFHTH,
F= XY OBET LR TIEY O T CidsEs
WRAELTHLZOEOKETICRIRL, £&ED 2
ENTERW(AEAR 2005, & ZAN, S OKE
NHHIEED D HFNEADEEIE LI EREE L
705 TV A Z & 23 EH S 4 (Kobayashi et al. 2000) |
LR DOHHRIBK DO T FHROBFETEH . T
Tlzdh o> THEAEN00AR/ hafREE XK -> T B8
AENRHD (AR KIER),

+F0 B L TIR 1994 I IR T F o~
D L%, BEC-FICHELEZ FHERIE»
1995), —FH44E L7 7 - SHRIZ30m X 30m D i
XAREL TI9SELREREL FEEL THLNL
FERNSE, VY RENLENIE T TIZTF v~ Yo
TICEHIBAFEL TV EE 2 5N 5 HEB 504
FEHY, PIRENBERICEE L THTEEE A
LETIZRSTEERD D & & bic, PNk
Wa L FEAEZ CTEIZRAENSEOME AR L,
AR UTEENEE N7 2R LT, 108EERIC
B £ #£20,0004/hat DEMZTER L TN DH Z &M
LM TE L, PO T CIIHBNEXED
ZLENTHETH V. FHIMAE S TV HER 3

THENBICEWITHE LT LRI, ki
BB SN REN 7 L —ficR> TS L
NLRETLILOLETEIND,

ZOWEETIEY I O FRIEE O RIEBERIC
HDHTFR, VY RIFEAEEFT LT RNT T
BIOVVDAEFTLTWE T FHRICGHERX 2% &
LT, EEDORBIBIRITOBIHE L FM Lo/ R %
g% & &b, MURTYHRICEBITT 282
N T & 7= B HBRR O 7 F R DN T, 7 F 4k
D3 IR AP N2 IR A D +-Fn B Hudgk o 7" kT o
TENO R EZ BRI L2 LIk HAEICH
JORERIREL T CERMTEDZLICTD
LHEHBICLTWD,

2. AEMEBERE

AT R HBOEMOAY O TH B FMIED
RN 3 5 E AN (HFIEFAEX) B8 X OB EE
WOEAMN ERER) ICHEX ZHE L TIT-
Z(ED, WTNOFERX & bra X OfRE T, 1%
AT EFAAE X 23590m, FFRARIZERE L722
OFEXIZINTIN HA0mMTH > 72,
+RHRAEXZT v~ R —FfE L7 F
HT(EELD ., 19954 I PHEFHEZ. 19964E 121
JEE A 2ecm L4 _TOARKIC OV CTHEARA
EEETDHE BT, TNRBOTXTOTFITD
W BB, BiER X O EZ ek Lz,
N D1995FELIERIC 3 4 LI FEAEIC DWW T Al HE
RV FLER LTz, 2. MEERBAE TE v
A ZDOERIZ DWW TIIM R O 15 & TOER A RIE
Lz, 7 HETRCEZHLE DT TREEZR IR 0 IBHE
LCHRE L., (8RO BIRRE D DARREZ R L
T, BAEYFEORMEBREEHEE LTz, 2008412134
L TWT _TCOMEIRICONT, @EOFEE T
WCHEAEREERET D & & b, FisD R WERIZD
W R O & St B o THAFZRE LT,
Fo. VI RERLRTD B AR L T MR (LLTF, /i
AEHERD IC oW T, YRR O AR &% ik
TLHEOICHEEMORSZRELT, FEZ LD
HEEERD,

BB R ZAERT 5 & & b, WRDNBREIC

— 156 —



DNWTERET LI, BT VAKX DER
FEAEWE U, BE AR EEISm I L o/ FRRO
AR A E L, 1 E20cm DAL E TROE 7 4 v A
HHETEMRI S ICEI L T HESORE A
ek, THORRZRTZHIZ, B Tlm
Ay val LIZH@EERET 2 Z L2 & o THif
B AR U 7o, V¥ OFREE BEIZ DU TESmPY 5 /)y
FEK Z LB E 2 CTHMERE D -V DR
ERELE,

’
-

.."a. i

EREX TIIWKRO YT HEL 520057 147
OWMERXZHE L, MEER4Ieml EOARKROmEA
HAEE ZNLUTOTRTOT FOHM B L ONEA
DEARPIA % Tl LTz, R L OEADFTAS &
BRI AT, TR, B, W

B ORI FE 13+ Fn A X R G ERk 2 1T
SN, HEAREOREIIBEIAEX DA TEE
L7,

FH] +RERFEEX TOVHFO—FHEE

(1995459 A 1 H)

1000

=

B1 HFEFEAX (£) 36 K OSIHA X () o BEAALE

— 1567 —



3. AERREER
(D) +TFIHFRERX
+FEFAEX TIE30mMN 5 OREX 2% E L THE

RIS L OHERT I L ONFHEA DT & 19964 ~974,

19994F~20034F-35 L TU20064F~20084E 12TV, WV
NWHIH~10H 125N L7z,
D fEARHE

BARTEOFEFNS, 1996FIEF L T fElk
IZDWT, 2mBL R DARAR O Fit i PR (A 4502 (X121
2mEl EOARAK O SR EE AR A K3, 7
OISR A KAIR Uiz, 7RSI E
5 & L BICERBICAET LTV e, 2mBlF2
SARE S oT=DIZx LT, T EBx 5 KO
i D7< LTINS %R LT, 15mE B 56
ARETIZT T USMILI R FTIFTHIAR, R4/ FH32
K, FTFH< RBIR, a7 7 IRNAEFTLTE
D, avT7INELAEFL TN,

2) B HER & 2 AR AR

20084EBIAE CTAERE L TN BiIZERERHS X OV kG
AULABRIZF A L Te DB A AT T LR L
72 (X5), FEAEIZOWTIIHEE LI RBAEOF RS A
BETOR L (X6),

19954 LA IC F8 4 U 72 F2AE1Z 19984, 20014F,
2003FFIZZ < I o T2, FAENFA Leh 5721997
L 199943 L UR0024FE 2 BRVN T, THLSAOFIC
HAOBIRNBIRE LT, 209 B00IEICREAE LT
EHETE S T2 S 1E3,0004K T, 19984, 20034E D
LSOOAIZ EL R THI2ME LRI Z < o Tz, T
AUH DIPFEIT DN TIL, 20084 DRE R THKT 5
AR IZ 19984 A 782104 (£ 782 14%) . 2001441
8834 (AEFET30%) . 20034FEA 14714 (A7EFR33%)

Tholc, R ORGE & & BITEFRRENRD LIH3,

AN L Do T EIE EAERT DA KITE <
STV,

3) Wi D AAE T B AT

R A XK TN & 2 W & RSO B o
THERIZEATHZ (X7, iR 8E L
T\ OPEE T THER LTV R AR T (5
H2), P LT LTED ., %< NMRATRF
HHTEZ - TV = (7)),

4) R O R

AITAEHERT O VR LR COMMR &4 ik L7z
FER. TR TORIEMB RN ZICKRE S HE
LT (E8), 2?5 b, HiEMBIXAEEL TV
L OE N L - T, VIR RLENC b E L7
HLDOEZEITHRVLORH -7 (1X9), RFEM

By<EIY
BIAFT
BiA/F

m/ VIFINLT
[N ysedd
avTIS
mA2yITT
B7r

1BfAEHE)
o

[

53=H>2  10>=H>5 15>=H>10 20>=H>15 25>=H>20 30>=H>25
i =P

B2 AR EFRAX O2mEL_EOARAD B P HE A5

100000
10000
Ng 1000
"
HE 100
bt
10
1
5>=H>2 10>=H>5 15>=H>1020>=H>1525>=H>2030>=H>25
B P
B3 A-FnE AR O 2mEL O ARAR O bR L
g DA 5
80
50
#
fﬁ 40
i 30
20
10
{
1l o Te) o Loy o Is)
4 T T X o~ 8 2
o 11 11 = I I I
~ Py 1 ] ] [
fs} (o] A ~ A A~
— fs} o Ly o
= &l &l &
BiE g

M4 7T OffERELIE AL

— 158 —



1000
800 |
800
700 F
g0
500
400 T
300
200
100 |

BiFEFy

X5 2008429 H DOFF S CTHATFE L TV D 7 FHEMt & 52
R DR RS

3500

3000 - . P
2500

# 2000 |

& o |

T rom0 f

e,

FHE2 LYY O T TEEL T e T O

500

EEEEE88E8% (b & D o0 LT L 0 CHea 2T 55
(19954F9 A 1 H)

M6 AT DHEE LI R O A & A

X7 +FHEEXOMIBR & VP08 —FREIE L7219954EC 33D F THELEL TV 7 FHEB DL &
W SARK (Z£K) &K (HX) 277 L, BAA30m T, A2 EAF0E, miEHBHITER LTofiL
TEY ., MBSO EHM TE o7z, 1E20HITKI0BE,

— 159 —



MO ERZ KT 5 & (K10), 7F 7131986
519904 &£ T O SERM TIX 1A RN ) 94mm
(85~106mm) fHE L T2, 19914E 7> 5 0D S4ER
TIHTERIZEE29mm (15~57mm) & 35 LAk
ELTWehotz, & ZAMBI9SED T ENEIC
EHOMHEE L, 4EMIZEEI120mm (85~192mm) &
198647 & OSER O R EE EEl> Tz,

ZHITH LT, T I271F 19865 B DS T
X TEMICEE2Imm (10~36mm) & DTN TiEdH
LR E LTV, T RIVET O S TR
M EH8mm (5~18mm) & A7 < | Vi
AR T #88mm (60~ 120mm) & A i £
LTWe, Y HOWETIZH->TH, AFT DL
BIZL>THERISEVNDODD D Z EHL N
ol

TFNIZO2EDMHEDRER. V3541721995

230 —e— 6
—a— 54
200 —— T+
H —pe— FF73
L; 150 —— a0
E —a— 7F+11
ﬂ 100 —— FF14
o — JF2
—e— 21
ol —8— 40
—k— 72

0

1T 108em T & - 72 18 155 2% 6 4F 1% D 2001 4F 12 1
2lem& 2V Y REIET LAY V@0 R
HTENTEZ, —J, 7F27131995412102em T
3o -1 E 73200145 T113em, 20074 T 148em T,
EELoodH 5 HEOE T THRE S REN
AN GLAY
INOORENS . P HRMILLIRI B AEfFL T
TR AEHERHE DR X — IR LT a8,
Y OMWEFICH LB BMET I F v A0 H
V. FOMERIIMAEIC X > T HEhgomE
BT 212 EThH o722 ENRHLNT o T,
ZOZEEFTF UMK O T ST TIXAER
REII®— Tk nZ 2B LTy, 724
EFoTHBITORICIE, O FTH 7O
METELRTOREDH D Z L amEL T2,

— 1
=+ [T} ] r-- o0 [y}
= = (=53 (=5 (=] =
T [y} (=} (=] T [}
— — — — — —

X8 VY AEILEFIZAELE L TN 7 HEBE O R U O R B o Lk
PRGN & 721995 LR —F T E L T,

— 160 —



2580

—— 75
—B— 7 T6
200 1 —a— 1T
H —— 7 T3
= 180 F e
E —a— 154
— —4— FFER
@ 100 | .
& — 757
80 —a— 64
|:| 1
[im} r-- [un] (=) = — [N} [} =t [T} [im} r- [un] [m)]
R EZT EZTEFTITEEEEEE
280 r
13 ——Ftz0
—a—7
200 . —h— T FEs
h —e— T 24
tl:l_ W
% 150 F —%— 7 Te6
= —a— 2T
1o h
W 100
it ]

aore- e ;e 2 0 & © o= W 0 - 00 o
oD D 0 0 M g O O o O o T o O
o o O e O O O O O O O O O O
- - - - - - - ™ ™ "™ ™ ™ 7™ 7™

B9 EK7OMIN(E)BLOM2N(PICEET 27 O IERBOMERDOENL
HN1O 7 Fid 33 & REEIC Y IR UET O 1986450 5 19904 £ TIZ bR LA & - 7223,
FRN2D 7 F i35 i LN IZE T R LTV i ho 7,

— 161 —



1200

1000
= 800
=
weoo
B a00
200
0
[ T e S e & Y s T e R ! N o T~ N ¥ TR o e S o SR & & B w5
CO0 D0 0D g T S M T g S g
& OGO 0N S LS. O o e D) s O
——FEHEE
|00 F
g
£ ROO
it
ﬁaloo—
200

1938
1937
1938
1935
1990
1991
1992
1993
1994
1993
1998
1997
1998
1905

10 K7OMINO 7 FHaMH (T7F 7) & F2RO 7 FHess (7527) OB EE O g
WP OMEE S T PAENEN T YO F THE STV, 77139 R BETC R L Tz
R H -7, 7F 71 ngalicE L Eo EicHiz,

— 162 —



5) HHRNBICHEA LU EREDOME

TV RENRICFEAE LT EAED 2008412 £ LT
Wi Ao L7z (K1) . 19954 PARE20084 & TIT
HE < ORAENDTAE LN, £ 5 LORESF T
FEL. 19954ELIRRICHAE LTmEAETEEE STV D
DIX1,718K (1.94K/m>) Th -1, LT HELEDA
B L BRI E ERADED &, 19984FLIRTOE
AR T R T2 7 < Lo BHRE O R T X
¥ P TEELTWEDIIR LT, BRI T4
L7 FART SR T Th 2847 LTz, 1998
A D EAIT24E% D20004F (2 7 15 T T b %4k
AT LT 728 (K12) . 20081 1E1T & A EA3FE

FELTWeZ Enn, 7S EATRFHE Rl T4,

TFUNORE TRX v v 7 TR DI 2R
KRB EHERBELTNDEEZEZLND,

B OB & Y1 O FREE B 1319954 D #E 5E LA
FetR 2 2B L CTWz (BE3, 4), 20084FEDK R T
DOV ORBTEIL, 7T OB T TR v v 7
RAMOBFEDORE T TR 2o Tz (K13), /N
X Z & O OfRREE L 20084124 5% LT\
TFEAES LI, P ORBERHR T L OEE

AR LI 3, Y ORBREE 2 ~4K/m DA,

AL RS %< o Tz (K14),

FH4

1855
© 1008
@ 1097
® 1588
O 2000
& 200
o 2008
= 2004
o 20e
- 2006
- 2007
- 2008

— 163 —

HHE3 Y REREE I H 2 R EFEA X

(200349 426 H)

pd

HHERE L7 R X

(200759 H 10H)

X111

TRV AR A L2 AN
20084E 124 4% LTV BILE & ft
SR

HHNT 13 7 ot TR 20X
T F LIS ORI, 19984FLARITIZ I
A LEFEENT T ofgLe
Xy v 7 TEEL, TRLBEOE
X7 T OB T THAEKRLT
Wi,



0
5
10
15
K12  19984F (2 F& A L 7= F2 4 /3 20004F (2 4
20 L TWAE
WEXOEE, AE, A TFEERS T
o TOT TR T TEAEITHAEL TV
23, 20084EI 1T 7 T CIRIZ E A
0 EAEEL TR o Te,

O REE(E/ M)

K13 /INHFIEX L O1lmPd 7= ) O OFRE L K14  HHOFEE & 7 F EAEOREEROBIR
WY OBBE LT T USSR TR v v 7 INFEIX Z EIZER L TWAD T EAEDE
TEL 2T, BV OREET LICHFT DL, SO

TR D2 ~AR/M DA AR 5 #4
DEN B L Teo TV,

— 164 —



6) HY-ERRHS R

IR DYEBRBE DAL 2 2R 272 0 17 L 74
RE7R L7 (K15, K16), 20074 Tixs A IZHRIKRIE
RIS < FRCX v v 7T o4y & Hik
LTS 2o Tz, 20084E121E 7 F O RIERTD
A TRENBSAMSOMMIZ, Y OREEDE W
Xy v FTIEM & LERTH S 7o T,

+F0 NS B B KR T B RIFR 2N AR T34
HESHIT6H UBEICHARTE L 2o Tz (1),
200746 H EANCITFHEE A B S B IRFF# S & -
2 enD, ¥x v FTOHPHREBNELLL
o TWzEBEZBND, ¥ v/ TIIEEKKE
THEBBNTEY, MY OREICHEL 52 /-2E
265, I DEIEIZE VY 20084FED 7 F 3 BIES
LHIO4A FTRA~SAPAICE ¥y v 7 ORKTOH
THREEARENMET LERRO—o2 Lt otz
EZzohb,

(2) BIFAEX

BEHX CIIEIREX (FHS) . B2HEX (556)
D2ODOFER ZRE LTz, HE XTIV H20m X
20mé L, SmZ LXK » ThNEERZHE LT,
1) fmARFE

20074E AT o T EBATIEORER, AF LWzl
BB Aem A _E O ARIZ SN T, R R o i 5
217, BRI EmE S 2 X18IT, §7_T
DT F OREREBIE S A K I9IR Lis, 7T
ARBEIEL L TB Y, BiE RIS I3 & o @00
H510mE TIHI~3ARBENEF LTV, 10mE
il TIES~10m TIAR, 2~5SmTIOAR, X HiZ2mbl F
TIE506A L EFINIZE < 2o TE Y | LFER OSSR
ZRLTc, 15SmEER 5 EARETIE T FUSMTIET
VXNIR, TAXELT AXF U RNENETNIART
SEF LT,

2) k& HA

20084 AEATF LTV DT RT O FEADH G &L E
ZE0Ek LT, B 220emlim = 2 VMR TH > Th,
BHRI0REEZB2 2 b0 bL < Ao, FilE
FUABICHARD Z LN TEL(BEET, 5HS), &
KA AT 199044 & TIRFEAEAE T &I @ RS %
F L, ENLURTOMBMKIZI9884EAELIRTE LT, HE
LA T—DIE & D72 (FR2), FEAITMBHEA R E

THES JHDIEEALERVEITIEXOMKN

HE6 YYNEFT D E2HAX DN

K1 AKE (HFRW) O7 A FARA > R TO R BRI (RERE)

41K 5H 65 TH oH 5H 108
S00TE 124.0 134.3 208.6 112.3 132.7 102.4 157.8
005 152.7 154.0 130.3 78.2 1246 166.5 1485
19864 ~ 2008 5

1611 154.0 130.8 101.5 134 4 118.9 122.6
B

— 165 —



R BIZHONTREEEIZ D e < 2p o 7223, 19934E4 K2 BIFAEX TOHERT - 24 DOFEAF 2 L OfEEK
DFEAZFRNTI9904E4E & Tilifpr L CHAENAEFE L L2007 B 1R DR R

T2 ([X120), 20074F & 20084F D IBHIFHE OFE R T
W, 1999 AELIRT O AT Z DIERTIX, T3THE

HAHF 2008 2007 HEREE

<1988 30 30 100.0

TELTW=DIZx LT, 20004E LIRS ICFHEAE L7324 1990 2 2 1000
ITEFERPIRLRL TN -2 H DD, 2007FE %2R &OF 1991 1 1 100.0
) TRONREEITAIR L TWe, ZORERND, FE 1992 ! I 1000
(A LT A B 104 FL B (A 4R 0 BT E A3 1993 g g -
P L CTlha \CD7R B, 0EEBAS EIFE A et s 3 1000
1995 4 4 100.0

EREEHS TS 2 ERHLIC RS T, 6 8 s 1000
F Tz, 200651 A L 72 F2AIT DUV TR DB 1997 8 8 100.0
FHAETIL. 20064F1T1F434 R TIH > 723, 200741 1998 4 4 100.0
336f[E {4, 200842 242M (K & 72 1) | R OAFRHEIL 1999 2 2 1000
FRENTTA%, 720% T, 2ERTHR L2 L5074 2? : j iz
S>TWe, £, FAEOERT HEER2IO L S 2002 5 6 833
CBIE L, RAEFHER ST v Mo LT 003 37 30 949
BOEFRT L LiFmroT, 2004 25 29 86.2
2005 6 10 60.0

2006 242 336 720

2007 3 13 231

A

BI15 200740 H SEXIFEE H i B oOHER
SmO/NGTBIKITIK Sy LT /NG TR O A S RETARE TRIE U722 b L TR 7, F I RX
EEEZRLTEY, LBRERATHD, MOGIIZAFHEDLIZRL TN D,
AT 2 SA1ITE~23H, E#F :5H23H~6H5H, b4 : 6ASH~24H, T/ :6H24H~
7H29H, T :7H29B~9A2H, A :9H2H~10A7H,

— 166 —



= s iy " 4 =3
J e AT o A r ~
. - 3 ( N /

v s | - o , 2 N
| — e _'_'_ P e Y S r
i, ot L. ) oo, o = Z \ l;. / %

e | il b i, - l 5 ..
\ _—-' -, s 5 — "|_, - F.
\ — ) “
| A \ ; % *
- 7
4 S : “ /
A . .
I .
> wl g ’
oy il L
p . p . A
r - 4 i Fe b
r e v b r e
" o " y -
. h ™ Ly o
y !
4 b b By G )
. ’ - o o
- . = F = - -
- v -
- - A\ 4 E ol =
- P, - - 4
. " -
"

X116 200840 H -¥IFER H 5T BOHES
TEWINT LA 4250 ~5H50, EdE 5HSA~5H19H, A 5SH19H~62H,
FAH6H28~7H1A, FAE :7TH1E~8A13A, FH :8HI13A~9H17H, 9H17H~10A26H,

HHT

AN 204F 2 8 2 % 7 - HEdst

Ay

\

18— AW TR 2 5 LD

— 167 —



L ’ ShrarEd
14 B FONTT 500
12+ M7+ Q
i BT HE = 400
7 E2y
¥ i
= & 200
ﬁ LEx]
200
100
o —
1 Lt} iy} [e) [Im} (o) [im}
Fas Ay FaY — — < L)
o« T T s Pay PN PN
2 2 =2 w I Y Il i T T T T
T T : %ot o7 SRS G S U
1] 1 T T T r = = ] o a3
. & A A R o s @
- 2 & & & ST
Lt e, N e
b M9 BIFERX DT F O kS i

K17 BE1FHEXOBE3mE 2 D8RO #HEES T 2mEPL FOEERBRIEFICEL L, ZNEBZD
EAIZBIRIZ A 220,

1000000 ¢ ey
BNIFOOLT
e
10000.0 BFA4E o0
[ i M
#1000.0
= 100, 200
el
s
It i B
ﬁ 100.0 ¥ 180
£
& 100
10.0
50
10 H HH
= w = = = & 0 PR = i N == . I I = T 0 P I Y e O B PO S Y
N - ks ks T k= DD = NS DO~ O =
I D O S 2233828858855 58885588
= = a8 = i i B B B R A
fetrenber

X118 B1FHAE R O E3mE 2 2 K O L] 20 EIFHEXD20084E9H DI CAKE L TS
FEEmAE A 7R X OVEAOFREALE L EEK

2006 2007 2006
a0 T v 2 - 20 "
+
-
' .‘;‘ + * v Pt + " iy
. " . . - + ’ .t r |-
L VLI IR * PR 15— 15 :
W . e ' .t e Wb + . ¢ " |
L R AR PR N I " e * el
bt e[, L) | woe )
B A B Y 0 Y il L R RS
10 LR e ¥ gt 1n M . H % 10 . b 3
V. e i + . t 2 P 3 4o¢; — M ¥ L3 o
A Y s e 4 e . LA o e \ A,
w. VoW A w‘“'“' - e .‘5 Jeh Y
YRS R [ e Y Wl et . ’ LA P
e
R . SN P SRS SESPY S o P L2 DAL SO G
. g . . 4 kD b O [ Fr 53 0 ¥ O
L] - . . b - g - *
ot . 4
+ e v LW v Nt L.
. i . L + oo d LW . + . [ S
* B+ -
LRI ‘g:°" LT Y A L A T R Sl R L had
0 0 LI BT LR TULE P a0 o+, P MR ]
1} g 10 15 2
0 b 10 15 A a 53 10 18 a

21 20064F4 524 DA BRI B ORAFELEL
FEAFHEXRSRICT o Z Lo L TE D, 2EB TR 2> 7203, flm B cRlmnfaice s
72D 7o TWVB L ODSAMIZIFmY NIFE AL ER N0 -T2,

— 168 —



WIZTF ORI L OVEEDETFEL TOAHALE L
BB & OBIRIZ SV TR L7 i 5 (122) |
MM F L VARV O iV M (AR 23 7 LISk o At e

TIAEFLTHWAHEAITEO ONDE DD, 7L
HORE TRX ¥ v TIERT D LD BRI
LIV T,

20

1988
<1990
1991
o1992
©1993
1994
#1995
* 15996
#1997
+1008
1999
2000
< 200
2002
= 2003
+ 2004
+ 2005
- 2006
- 2007
2008

0] 5 10 1B 20
X122 B 1FRERXOHME X OFEEDNE L ik
EX L ORMR

MMt L OVFEAIT T F LIS Ot Fo X v
TR B EEIEH B L ODOKT L LR
nmw%ﬂﬁ‘ T B W5 LT,

K23 B1FHEXOMEX

3) HERI B K URALHIE, O OREBESHHER

& DOBR

THEXOHIT, NI ELRRETh -7
5, R EEITAEERL L 2o TVZ (23), 0T
AN _EER IR RS X OVEAE T DA WEHAR D D
LD, BEANTIET & DT A LTV,

DIDIEFTTIF V~TFHFONFRR T L DR
BREII2 > D/NF XTI H 7= 0 OB 1 2B 2
e, £ TLEY 07, 0D/NFER 625>
7= ([X24),

F2, BFEYHEE BN RIIHERSETIZIEY —
WL LTEY ., 20074015 A o RIEMBICITZ < .
AN EASH U CRARR A L, 7A BARRIE A 72
< 722 T (K25), 20084121 B W BIXBEERT D4
AnBSHRECEAE L EPLICEL o T
708, BIEMOSAPEICIT R R 6AITHK

%‘m

DSBEEH L CLARRIZIZA 72 W RBE DS e\ 7 (1X126)
BEXNOIATIC X BHEOIF20074EFEICIZ E A LR
ooz, SAPRA~6HA A0 H 52007
HTHL2008FThH 7 70 d LW S FESITHFnmH
X ERUTHoTe, ZHUFE20074E6 A 0 H BRIKERE S
PAEL D b RES o TN EBRESFEL
TWaEEz2zo6n5,

72 LRI, A5 R, B REAEMER & 2o TV DA, RHEARIEIM O 72 W BB Tk,

A X% 134

L

7320m,

— 169 —



HERI 3 L O EAEDRBR O ORI LB TESE T
ERVHLODOPFHEXNTIET & L5054 LTV =
Tl BENAE-TH D E L HITHERENE T

13 08 03 0.2 PRIZNTCDNTZZ ENRRESBEFRLTEY . HInIZ
ENEEBLTORNWI ERENMEEA LT FIC
LoTHELR TV ZELBRL TS EE X B
02 |16 |05 |00 2.
(3) BE2REX
02 0.0 05 0.0 FOFRA X IF20084F9 H ICR%E L CRRE 21T - 7=,
1) fEARE
20084 AT - e BATIE OFER T, MFEER4em
00 | 00|02 |00 L EDMERD 5 B, 2mE 2 5 BAOBIERERI Ok
Fox X271, BEMENEEmES A X2812, T-T
24 BBIFAEXO/NFEX I L O3 OfREE DT F O EFERHEARSE K298 LTz, 771320~

B EMO 2 2O/WMHHRT Im? bz OFF  25miCTALEE TS L & HIT, 5~20mOFfEiic2~

B 1 #Bxzn, i1 RkmThy, &< 6%, 2~5miZ1874, 2mLL N OEEEA 714K & [ F=HIFY)

RVVINITIBER D 6 Do Tz, 2% <. LY RONGE R LT, BAETIETFLIsh
\ZII2SmEABZ DA I MRIAR, 1SmEBZDHHRA
X ENTFUITTRENTNIAD - T=,

(25 200740 HEAFEE A B OHER
TRAAEHAMIT B2 SHIIBE~23H, k¥ :5SH23H~6HS5H., k£ :6HA5H~24H, T/ :6A24H~
7H29H, FH :7H29H~9H2H, T4 :9H2H~10A7H, MW TIFHHFZTIZITH—T, 5SAD
BRI R b2 < . 6 OMEAS LIS IC 722 < 220 . THUBEIZ DT 0720 b 2RI A i &
DELN TN,

— 170 —



X126 200840 H -¥IFER H G EOHER
BRI B 40258 ~5H58, kdkE 5ASA~5A19A., EdE 5198 ~6A2H.,
+FH:6H2B~7THIHB, TA :7TH1H~8H13H, TH :8H1BH~9H17H, T4 :9H17H~10H13H,

12 1 mHIFIRTT 200 r
e B
10 il T00
? g 600
& 6 H 500
& =
= §4m
2 300
0 . 200
0 20x=H»>15 2E»=H»20 30»=H»25
i 100
O 1 1 1 1 1
X27 E2FHEX OME2m% 8 % 2 AR O A6 oo o= o
o T T P P P
1 1 T I T
s s 11 1 11
L [} A o ™
mNAYFIHIF - g g
S EY PR
57 Nt
10000
§1m0 29 E2FHA X 07 F OfE RS S A
= 100 2mPL N OEENIEFIZEL L, T
EE} HE 2 B IR D 720,
]| 10
5y=H>2  10>=HX5 150=H> 0 200=H>15 25>=H>20 30>=H>25
T
28 E2FHAE X O 2m % 8 2 D A oo 4t i B B S JES I

aE

— 171 —



2) HERB K TFE

200842 AEAT LTV DT RTOEAEDH I &L E
ZRigk L7, REITBIAAERX & FRkIC T ~ToFEE
DFEEFFE LT, 2008 %8 2 TRiAHL 5 O A3 A
W72 5 T ERIZOWTIR04ELL B & L, BIFAERX E
[FIRRICHERSH & PR A CIXBI LTz, FEA4E T & Rk
LF L= (X30),

600

500 |

)

Kaw |

q00

liilez=n

200

100

X130 JE2FHAIX D20084F9 H DBEA THFE L TN D
T HERT R L OVEA DIAAE & ERE

FEAETHIBA R E < 72D EEEEKET DR 2D,
BIAEX E RO RETHEREZL AbNT,
20064 I FEAE LT EANCAA L B L TEL, =
DOFIIIBIFAEX L BRERERILRFT L Tnic e &
ZBND, ETADB, ENLENZOW T EIFRA
X CTIHIZIEEEEENEE L TOEOIRR LT, B
QZEX TIEAEFE LRWENRE oo TV, Fi2,
B & i U TRt o K& WRAER DR <
19884 L D bl WMEMRIZ2IAR L, £0lF e
NEBTTEEBZ THTEN, Y OWETICH D
LD bARD -T2,

WIZT FHEREB L OVERAENEGFE LTV DHALE &
Btie & OBMRIC OV TRRET L2 /R (B31) . HEkfds
K OERAEFHEORENEAERRF A FOoNTF
THET L Wo o7 TS ORHR TRF v v 7
A7 L T DEAPBFED iz, 200645 12F84£ LT
PEADFEAITT T O/ T THAEF L TV,
Z< OEERPEFT L TEB LTV DT &7
WEIR TR olz, iz, —EBOFEENRKA / F0
BT THLEBFL TN,

& <1888

1591

1995

S1%6 | 31 MK DRSO
1999 FAEONE & BTN
& 2000 L OBHA

b Bl oA 0 F
- 2004 T T O T F LSO
eon BTRX ¥ v 71 B I
- 2007 . o :
. 2008 WA D0, FEEZTTT

DRt TSR LT
[ QAY R e AE il v
RELRD LR Y TR
7T LIS ORI AR % 15
A 225 Tz,

— 172 —



3) MM B X VEEDAEFMNE S, O EEs

DB

Heftds L OFEADAER T HO0E & Hilg & ORERIC
DOUVWTHRET L7/ 8 (X132) . HIEX L Clrafests &
OEEDOHAT HAE & OBIRITHRKEICITRD b
Tenole, £, VORI & ORRITN
T L HHRETII D o 72 (K33),

FI OFEEE L MM L OEAOBRIC OV TH
FELZAE R, P ORRBER~2KD /N BIK L e
Mooy, OB BN/ NTRIX ClEAERAEID
ONTIEY YV ORBEEN M H 72 ) 2~44 L 6~8A4
ORI =T BB | 2FEAETBR DBl OFERAET
H2ODE =7 N oM, BREEN M H =0 2~4
ATIEE —7 PUPARAEIZENTIEL 25T
72 (X34), ZOERNLIE, YT OEFLTNDT
T, HERI LA 6~ 8ATRE D V-V DOFLE FE
DT HBRER LT NENZ D,

4. BYETFHRORE - RLICEHAT SRS
BHX TO22o0HEX DG, 7 FRiTH
PREE L TORWVEAICIE, I SIEEERELTY
TRAEDEZIPIEET D LODOR~L EEHINT
FAEN 7 B L TOWOICH LT, Y REE
LTWAEEIZIE, AT 27 F0FEAETL LB

K32  E2iEX 0K

WLUTHEBRTIEIGN DR o TR, HDHE
EOYVBEND ZLEITITEFTE DT EMRR
SN, Fio, P RERBE X ST, R
BAELTCWEIRETH-TH, WWETTEZE-T
WEEAEARTIHNBICAMICEET 22 Lick
D, BYREET ISV OBEB L TRETE
DT EDBH LN T,

DL REERNL, VY OBEEICLY EEDE
BHENREEC 22 52 7T, EAEDEEISEST
EDHEHNTT BT, WESIFEAETFTE
DL TVWDLEAIITY 2 2mMICN D LWV ) JF
EBNETH DD, MWIEIC 7 F LS OB A F 9
DHAEAITIE T & BB TR BE A 6~ 8 A /m R BE
WD XAV ERD Z &b —E TRV ESE
ZoNDdD, TTOFEREDEEZINDITIE, 7FTD
BIECHOETY S ENMOVEY , $VOEEEL2HD
IR L ) REENVLETHD L EZDBND,

FRIC, IRBRIC K o TABARIZIHA L TN Z
ERERINTWDHEBAARO T ST, B2
VOEHEITI ZLICL > TEEDEEZIIND
MENBH L8> T\ D, T CITHEREZ Py
FFIZBAT L TV DT, BB TO®ELIER
LAaNnEL, T T VFEICBITLTLESREATT
TIHEBEIELIENBLETIERNES DD,

FE o SHERIKL A EmEK, BRERNC, Bm a3 Mo b 5 E 2, A KIE125320m,

— 173 —



10
0.

FH
6.7

3.2
12

4.5
2.3
67 | 86 [132 ] 71

151 ] 13 16 | 17.3

BEOHBEXO/NFHX Z & oY D&

433

INGTRRZ & DOFFOBmENPRE < Biro T,

300
280
200
150

TR 5 A

100

a0

~8 ~B8 ~10 ~12 ~14 ~16 ~18
TR E E M)

anr

J|ETE =5

~6 ~B ~10 ~12 14 ~18 ~18
H DR EEE M)

X34 FEZREXO/NTIRK Z & O I ORERE L2EAEFEDOMEE () L2FEAELZ B R D EAEDRFEKEK

(F) & DBtk

B ENIM> D72 0 0~2AKD/INFTBRIT A2 <. 155 U7 FiPH TIIRRE BE AN 2~4A & 6~ 8T B/ Fri
DE—27 N o1, BT & 6~8AKRD T N4 X E D EIGITE S R AN H - 7=,

51 ALk

Kobayashi, T., Muraoka, H. and Shimano, K. 2000.
Photosynthesis and biomass allocation of beech
( Fagus crenata ) and Dwarf-bamboo ( Sasa
kurilensis) in response to contrasting light regimes in
a Japan Sea-type beech forest. J. For. Res., 5: 103-107
(Short communication) .

FE IS - o B - AL, 1995, 19954 +-Fn
HIF iR T b e F v~ B o KERE—#
BHAEALSE. Bamboo J., 13: 34-41.

Nakashizuka, T. 1988. Regeneration of beech (Fagus
crenata) after the simultaneous death of undergrowing

dwarf bamboo (Sasa kurilensis) . Ecol. Res., 3: 21-35.

Nakashizuka, T. and Numata M. 1982a. Regeneration
process of climax beech forests I. structure of a beech
forest with the undergrowth of Sasa. Jap. J. Ecol., 32:
473-482.

Nakashizuka, T. and Numata M. 1982b. Regeneration
process of climax beech forests II. structure of a forest
under the influence of grazing. Jap. J. Ecol., 32:
473-482.

PEA 2. 2005, FHE L ( ILIRHTEARD) 12817 57
FTRAEOIOFERMOLE. [ ERREE 7 —
WFFEES, 13: 1-14.

— 174 —



It will largely depend on seedlings and saplings to survive under the dense cover of dwarf bamboo in forest floor
whether Japanese beech forest regenerate or not. We studied on a beech forest near the Lake Towada in Akita Prefecture,
which was simultaneous death of under growing dwarf bamboo in 1995. Searching seedlings and saplings recruitment
and survivorship, we try to recognize the process of regeneration on the beech forest searching. Pregenerated saplings
suppressed under the dense cover of dwarf bamboo before simultaneous death have grown rapidly after that and many
seedlings were germinated mainly in 3 times. They survived to make seedling banks with a few seedlings germinated in
another years. Many seedlings and saplings have survived under a suitable amount of density of dwarf bamboo. Some
pregenerated saplings grown successfully over the dense cover of dwarf bamboo during recovery process have also
grown under the dwarf bamboo before they withered. Another beech forests were selected from the Tsuta Numa Pond
area in Aomori Prefecture to compare survivorship on the floor under a cover of dwarf bamboo. Seedling banks were
made of many different aged seedlings and saplings in the beech forest which dwarf bamboo was not grown. Some
seedlings and saplings were survived under a suitable amount of density of dwarf bamboo in another beech forest which
did not uniformly cover with dwarf bamboo in the forest floor. From these results, we suggested that we should try to
keep a suitable amount of dwarf bamboo for regeneration of seedlings in the beech forests in Okayama Prefecture,

western Japan, which fate to change to be dwarf bamboo grassland.
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Biodiversity conservation and evaluation of human disturbances
on the cool montane evergreen broad-leaved forest
in the mid hills of the Bhutan Himalaya

Pema Wangda", Rebecca Pradhan”, Kunzang Choden”and Dorji Gyalthsen”

SUMMARY

The study revealed that Gedu-Darla evergreen broad-leaved forest was under strong human intervention since late
1960s. A total of 1689.79 ha forest was logged and planted with either fast growing Alnus nepalnensis or exotic
Cryptomeria japonica a conifer species in the evergreen broad-leaved forest. Socio-economically, the study area was
suitable for cattle rearing based on the large broad-leaved area as open pasture. The local community were aware of the
change in land use for the past decades. The land use has changed drastically over the past few years. The forest area has
reduced and the climate becomes warmer. Interestingly, the community’s perception of land use change and climate
change was confirmed by the actual (observed) meteorological data. The data showed sharp increase in annual mean
temperature from about 12°C in 1986 to about 15°C in 2006. The quantitative vegetation and soil survey of the 13
sampling plots showed that artificial plantation reduces species diversity both at canopy and ground level. The study
found out that a total of 96 tree species belonging to 44 families were recorded. The entire forest was classified into four
different forest habitats/types using cluster analysis; 1. Alnus neplanensis plantation and natural pioneer forest, 2.
Natural relict complex forest, 3. Natural forest (Rufous necked hornbill habitat) and 4. Cryptomeria japonica plantation
forest respectively. Three major life forms of deciduous broad-leaved and conifer types as results of a plantation and
evergreen broad-leaved type of the natural forests were depicted. Human intervention on the natural forest caused a huge
loss in species diversity, structure and soil properties. The species diversity was reduced by almost 90 % while
structurally the forest becomes thinner after plantation. Similarly, the soil formation was greatly affected and no definite
soil layers were formed in the plantation forest. The plantation forest showed no relict and a few species when compared
to the natural forest. Particularly, the nut bearing tree species and food bearing tree species for the Rufous necked hornbill
were not found in the plantation forest. The impact of human intervention was not only on the tree but also on the soil,
regeneration and even at the ground vegetation. The study found that if present forest destruction is not controlled, intact
forest and its resources will be lost in the near future leading to the loss of rare fauna species. Therefore, the study
suggested having strong policy based on the findings of the study to conserve and protect the pristine forest for

sustainable utilization and harmonious relationship between human and nature.

1. INTRODUCTION
The forests of Gedu-Darla fall under the subtropical/warm-temperate (montane) vegetation zone (Ohsawa 1987)
situated roughly between 1500 and 2300 m a.s.l. just above the southern lowland plains of the Brahmaputra river basin

(Van Ijssel 1991). This forest harbors high flora and fauna diversity and it is also the last remain of subtropical to

1) Department of Biology, Faculty of Science, Andalas University, Padang, West Sumatra, Indonesia.
2) Primate Research Institute, Kyoto University, Inuyama, Japan
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warm-temperate evergreen broad-leaved forest of the Himalaya and Bhutan is indeed the responsible country to preserve
it for future. This complex forest forms one of the reservoirs of natural resources for the people around as they depend on
forest directly or indirectly. Accordingly, the abundant palatable grasses, shrubs, and fodder trees in the forest have
encouraged farmers to keep large number of cattle.

Climatically, the study area falls under mesic type forest receiving a total mean annual rainfall of 3350 mm
(1986-2000) with the peak rainfall occuring in June, July and August. Similarly, the mean temperatures vary from 2°C
in January to 30°C in July. The mean relative humidity changed from 66% in January to 90% in July. They belong to a
belt of fog forests as part of the transition between tropical and temperate zones. The combination of diverse forest and
climatic conditions contributed to the formation of complex forest ecosystem. Interestingly, a very little is known about
the ecology of these forests and the impacts of human actvities on the forests.

However, a strong human intervention was occured when forest industries were established in Gedu such as a wood
based saw mill in 1969, a plywood mill in 1982, and a Bhutan Board Particle Limited (BBPL) in 1990. Further, the
logged off areas were planted (over 100 hectares per year) by BBPL with either fast growing species of Alnus
nepalnensis or exotic conifer species of Cryptomeria japonica resulting in the change of forest ecosystem (Figl). A
total area of 1691.61 ha was planted with either Cryptomeria or Alnus (BBPL 2008). Therefore, present study was
designed to save and protect this complex forest from further degradation. The study specifically aims to achieve the
following goals:

(1) Assess the socio-economic status of the area using ethno-botanical survey;

(2) Study the forest ecosystem using vegetation survey of the area;

(3) Investigate the impact of human intervention on the natural forest and soil properties,
(4) Classify vegetation types for different habitats and;

(6) Finally, propose establishment of protection areas for different land-use.

B Cryprameria O Alnus

300000 5

250000
200000 H
150000 4
100000

50000 4

Area under plantation (ha)

Figl Total area under forest plantation of Alnus nepalnensis (open bar) and

Cryptomeria japonica (shaded bar) from 1990 to 2006
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2. STUDY AREA

The study area is located in Gedu-Darla (89°31°44”E, 26°55°39”N), under Chhukha District/Dzongkhag
(Fig2A-C) . The study was carried out in 13 different forest sites (Fig2, Tablel) covering different forest types within
the altitudinal range of 900-2,540m a.s.l. including plantation forests and forest habitat for Rufous necked hornbill.

In addition ethno-botanical survey was also conducted in eight villages under two blocks/geogs covering 78

households of the study area.

(A)

Sila 1134000 m

Fig2 (A) Map of Bhutan showing the study area (Gedu-Darla), (B) Satellite image and, (C) topography map
showing the 13 vegetation plots and HOBO data loggers.
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3. MATERIALS AND METHODS
(1) Temperature and relative air humidity measurement

Air temperature and relative air humidity were recorded using HOBO Onset data logger (Onset Computer Co.
MA, USA) mounted on the trees in the forest to avoid human disturbances. Eight data loggers were installed along the
altitudinal gradients from conifer forest at 3,370m on the mountain top including cool temperate and warm evergreen
broad-leaved forest around 2,500-1,000m a.s.l. to sub-tropical broad-leaved forest at 250m a.s.l. at the southern
foothills. The HOBO data loggers were set at hourly interval data recording. The data was downloaded every after six
months of recording and batteries were replaced after resetting the loggers. In addition, 20 years of meteorological data
(1986-2006) at Gedu, 2,000m a.s.l. was gathered from Agro-Met division, Council for RNR Research of Bhutan,

Ministry of Agriculture to investigate the change in climate conditions over the time span of twenty years.

(2) Soil moisture content and soil temperature
Surface soil moisture content and soil temperature was measured by using two HOBO micro stations (loggers)
having two sensors under plantation forest and under the natural forest for comparison. The loggers were set at hourly

interval recordings since late November 2007 to October 2008.

(3) Litter and soil sampling

Litter and soil samples were collected by setting small quadrats (0.5m by 0.5m) in each sampling plot (Fig3).
The samples were separated into litter, fermentation-humus, and soil surface layer. The samples were measured for the
fresh weights (FW) and oven dry weights (ODW) at 45°C after 48 hours. Dried samples were then analyzed at the
Soils and Plant Analytical Laboratory (SPAL), Semtokha, Bhutan.

0. 50 m

S1 52

0.25m

wps 0

S3 S4

- .“_:'..r

Q312020071

(A)
Fig3 Litter and soil sampling methods
(A) quadrat sampling with four sub-quadrat (S1-S4) and, (B) taking samples from the plots under Cryptomeria

Jjaponica forest (P4).
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(4) Socio—economic survey (Ethno—botanical survey)
The socio-economic survey was conducted using semi-structured format and conducted interview. One farmer from

each household was interviewed from 8§ villages and a total of 78 households were covered.

(5) Vegetation survey

Vegetation survey was conducted on two levels; 1) tree layer survey and 2) ground/herb layer survey. We adopted
quadrat sampling both for tree layer and herb/ground layer with different plot sizes of the two layers.

For tree, all tree individuals occurring within the quadrat attaining a height greater than 1.3 m (H=1.3m) were
measured, identified and recorded for tree height (H, m), height of the lowest living branch (HB), height of the
lowest living leaf (HL) and diameter at breast height (DBH, ¢cm at 1.3m above ground) .

For regeneration survey, all seedlings and saplings occurring inside the plot measuring 2m by 20 m were identified
and their height and age were estimated by counting branch tiers and/or bud-scale scars. For ground/herb layer
vegetation, the height (cm) of the tallest living herb measured at the tip of the foliage and its percent coverage (%)
were recorded in each quadrat.

Fieldwork was carried out from November 2007 to October 2008. Nomenclature of plants followed after Flora of
Bhutan (Grierson and Long 1983-2000; Noltie 1994-2000), The Orchids of Bhutan (Pearce and Cribb 2002), Weeds
of Bhutan (Parker 1992), Wild Rhododendrons of Bhutan (Pradhan 1998), Flowers of the Himalaya: A supplement
(Stainton 1988), Flowers of Bhutan (Nakao and Nishioka 1984), Flowers of the Himalaya (Polunin & Stainton
1984), and Photo-album of plants of Eastern Himalaya (Hara 1968).

4. DATA ANALYSIS
(1) Climatic data analysis

HOBO Onset data loggers were downloaded after every six months using BoxCar Pro for Windows, Version 4.3
provided by Onset Computer Co. After each downloading, batteries were replaced and reset the logger for further
measurements.

Similarly, HOBO Micro station was also downloaded using the same program. However, the logger was wrapped
inside the airtight container and the sensors were inside the soil. The logger was buried under the soil to avoid human

disturbances.

(2) Vegetation data analysis

Species basal area (BA, cm?) was calculated from DBH data of tree individuals and calculated the relative
proportion of each species’ basal area in percent (Relative Basal Area, RBA %) . The RBA of each species was used as
abundance measure of species in a community. The dominant species of the altitudinal plots were determined based on
the dominance analysis (Ohsawa 1984, Kikvidze and Ohsawa 2002). For the herb layer, we applied volume or
biomass estimate by multiplying height of the herb species (cm) with its coverage (%) within the sample quadrat.
The volume estimate or relative biomass was than used for the analysis of dominance or dominant species and for
further statistical tests. The preliminary data was processed using pivotal table of the Microsoft Excel. Once the data
was processed, analyisis was carried out by using PC-ORD version 4 (McCune and Mefford 1999) and cluster

analysis was performed using distance measure of Sorensen (Bray-Curtis method).
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5. RESULTS
(1) Environmental /Climatic conditions

The climate data for the past 20years (1986-2006) showed slight increase in temperature while the rainfall
fluctuates during the recent years (FigdA). Gedu receives fairly high rainfall throughout the year with a total mean
rainfall of 3,504mm annually and the peak rainfall occurred during July-August months of the year. This data
suggested that Gedu-Darla remains under humid and wet conditions throughout the year round. The average
temperature of Gedu-Darla was 16.7°C and reached a maximum temperature of 28.4°C in July with a sharp drop to
3.4°C in December. The combination of high rainfall and relatively high/moderate temperature contribute to the humid
high diversity evergreen broad-leaved forest ecosystem of Gedu-Darla regions.

The farmers from eight villages were also interviewed to understand their perception of the climate change during
the past decades. More than 40% of the farmers interviewed said the rainfall has reduced in the area while about 20%
said that the temperature has increased and about 10% said it becomes cooler recently (FigdB). There were also some
farmers who were ignorant of the climate changes (FigdB). Farmer’s perception of climate change correlates with the
actual meteorological data of the area (FigdAB). This result showed the effect of global climate change even at the
local level.

The soil moisture and temperature loggers were installed under the two forest types to compare the impact of
conifer (exotic) plantation on the soil moisture and temperature in the evergreen broad-leaved forest. Unfortunately,
the logger under the natural forest (control) failed to record data from May onwards (FigSAB). The recorded data
showed relatively low soil moisture content and higher soil temper under natural forest compared to Cryptomeria
plantation (Fig5AB). The low soil moisture content in the natural forest could be directly related to higher

transpiration of the under story shrubs which is absent under the Cryptomeria plantation.
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Figd Climatic conditions of the study area
(A) Measured mean air temperature (open circle) and total rainfall (closed circle) of Gedu (1986-2006

Agromet-CoRRB, MoA 2008); and (B) Farmer’s perception of climate change over the past decades.
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Fig5 Environmental factors of (A) surface soil moisture contents and (B) surface soil temperatures measured under
matured Cryptomeria plantation and under natural forest at Darla

(The data logger under natural forest was stopped since May).

(2) Socio—economic status of the study area
1) Demographic trend

A total of seventy eight (78) households in eight villages under two blocks/Geogs were interviewed. The result
showed that the population peak correspond to age class between 15-25 (Fig6A). This signifies presence of
potential producers rather than consumers. The population decreases sharply from 60 onwards while the ages 5 and
below showed higher but population showed slight decreasing trend. The ratio of male to female revealed slightly male
dominates over female (Fig6B) with a sex ration between male to female (55:45). The present scenario of the
population structure showed stable trend with the slight decreasing trend.

The literacy rate is 38.7 % with including non formal education, Primary/Elementary, Diploma and Degree level
(Fig6C) . The survey showed lower literacy rate when compared to the national literacy rate of about 65%. However,
majority of the non educated were farmers (FigéD). Monks and non formal educated lot were the least in the human
resource.

2) Livestock and land use practices

Livestock rearing was found to be the main source of income for the farmers of Gedu-Darla. They keep different
types of livestock (poultry, cattle etc.). Among the livestock, a cattle rearing was found to be the maximum followed
by poultry (chiken), Goat and the least Pig (Fig7A).

Accordingly, land use consists of different types such as pasture, shifting cultivation, wet and dry land cultivation
and orchard (Fig7B). High number of cattle rearing corresponds to high percentage of pasture land over other land
uses (Fig7AB). This suggested that farmers were dependent on livestock and the forest remains their main source of

living such as fodder, non wood forest products and timber for construction.
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Fig7 Livestock rearing and land use pattern of the study area

(A) Livestock rearing, and (B) land use practices.
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(3) Forest vegetation and its attributes
1) Floristic composition and life—form distribution of the sampling plots

A total of 96 tree species comprising of 44 families were recorded in the 13 sampling plots of the study area. On
comparison between the natural forest and the plantation forest, plantation forest (P4) has only 9 species while the
natural forest (P8) showed 35 species (Table2). Similarly, plantation forest has only 1 dominant while natural forest
showed 6 dominants. Natural forest was mainly dominated by oak-laurel species while plantation forest composed of
either exotic species Cryptomeria or fast growing Alnus only. This clearly revealed the negative impact of plantation
(human intervention on the natural forest) (Tablel).

Three major life-forms were shown in the classified in the study area (Fig8). Plots (P1, P6 and P7) showed
deciduous broad-leaved life-form. These plots were planted with fast growing deciduous broad-leaved species (4lnus
nepalnesis) while P4 and P5 were planted with exotic conifer species (Cryptomeria japonica) and they emerged as
conifer life-form in the humid evergreen broad-leaved forest (Fig8). Except P1, P4, P5 and P6 rest all the other plots
were established in the natural forest. Natural forest plots appeared as evergreen broad-leaved life-form including the
Rufous necked hornbill habitat forest (P8). The figure clearly revealed the impact of human intervention by changing

the life-form spectrum of the forest (Fig8).

Tablel Plot details of the study sites in Gedu-Darla area

Macaranga and  Alnus

plantation forest

Inclination: 35 %o

Plot number and location Topography Plot descriptions
Plot 1: Altitude: 2090m The area was logged and planted with Alnus
Alnus nepalnensis Plantation | Inclination: 33% nepalensis about 17 years ago.
Plot 2: Altitude: 2095m Natural forest with subtle human interventions
Natural broad-leaved forest | Inclination: 30% like fire wood collection and cattle grazing.
Plot 3: Altitude: 1934m Natural forest with subtle human mtervention
Natural broad-leaved forest Inclination: 20% such as grazing and firewood collection.
Plot 4: Altitude: 1991m The area was clear felled artificially planted with
0ld Crypromeria plantation | Inclination: 32% Cryptomeria japonica about 30 years ago.
Plot 5: Altitude: 2103 m The area was once felled and planted with
Cryptomeria plantation Inclination: 48 % Cryptomeria about 6-8 years ago
Plot 6: Altitude: 1606 m The forest was felled and newly planted with fast

growing species of Macaranga and Alnus about
6-8 years ago

Plot 7:
Young natural regeneration

Altitude: 1560 m
Inclination: 30 %o

The forest was felled and kept for natural
regeneration (young forest)

Plot 8:

Alttude: 1178 m

The forest was mainly habatat for Rufous necked

Natural broad-leaved forest

Inclination: 38 %

Rufous necked hombill Inclination: 35 %o hornbill

habitat forest

Plot 9: Altitude: 900 m Natural forest for companson
Lower natural forest Inclination: 22 %

Plot 10: Altitude: 1845 m Castanopsis forest

Natural Castanopsis forest Inclination: 40 %

Plot 11: Altitude: 1880 m Relict species natural forest

Plot 12:
Quercus lamellosa forest

Altitude: 2224 m
Inclination: 22

Natural oak forest

Plot 13:
Lithocarpus forest

Altitude: 2540 m
Inclination: 30 %

Natural Lithocarpus forest
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Table2 Floristic composition of the tree layers in the four sample plots

Species Name

Pl P2

P3 P4 PS5 P6_ PT7

P3

PO

P10_P11 PI1I P13

Conifer

Cryptomeria japonica

98.0 36.1

Evergreen broad-leaved Tree

Persea clarkeana
Toona ciliata

Ficus neriifolia
Neolitsea sp.

Lindara sp.
Alcimandra cathcartii
Talauma hodgsonii
Michelia dolisopa
Castanopsis tribuloides
Nyssa javanica
Michelia velutina
Quercus lamellosa
Tetradium fraxinifolium
Syzygium tetragonum
Elaeocarpus lancefolius
Castanopsis indica
Litsea sp.

Schima wallichii
Castanopsis histrix
Lithocarpus pachyphyila
Helicia nilagirica
Albezia lebback
Amoora lawaii

Aphanamixis polvstachya

Terminalia myriocarpa
Ficus glomerata
Albezia procera
Beilschimiedia sp.
Acer laevigatum

Cinnamomum fmpressinervium

Exbucklandia populnea
Cinnamomum bejolgota
Glochidion nubigenum
Quercus glauca
Rhododendron grande
Persea duthiei
Engelhardtia spicata
Macropanex dispermus
Macaranga denficulata
Persea fructifera

0.1

03
0.0
438
15
20
23
31

31

5.6

12.2 1.6

134 0.0

8.8 0.1

38 34
18.8
10.3

0.1

0.0

149 18.6
1.6

59

01

42

233
12.4
7.6
0.6
0.1
0.1
0.0

6.1

6.4

202

8.0

0.6
350
0.1
0.0

12.9

58

0.2

614

0.3

0.3

0.0

0.5

9.7

571

0.0

75.1

1.3

42
35
0.0
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Table2 continued-1

Species Name Pl P2 P3 P4 PS5 P6 P7T P8

PO

P10 P11 P11 P13

Daphnephyllum chartaceum 124 05 62 43 44
Ficus heteropleura 0.0
Ailianthus integrifolia

Turpinia nepalensis

Schefflera elata

Lagerstroemia parvifolia

47

0.3

0.0

38

0.1

0.1

Evergreen Broasd-leaved shrub

10 20 02 31 20
21 58 00 202 0.1
09 31 00 121 00 70
13 01 0.6
Symplocos glomerata 06 30 00 05

Symplocos lucida
Symplocos ramosissima
Eurya acuminata

© oMW
[ N

Daphne sureil

Myrsine semiserrata 15 03 08

Symplocos sumuntia 137 114 83

Viburnmum erubescens 1.1 74

Casearia glomeraia 0.0

Jlex kingiana 0.0 01

Maesa chisia 0.0 08 02 00
Maesa macrophylia 0.0

flex dipyrena 0.0

Croton himaliacus 197 254
Rapanea capitellata 19
Randia skkimensis 13
Clerodendrum sp. 02 00
Osiodes paniculata 0.6
Pyracantha creanata 0.2
Mallotus nepalensis 0.1
Bauhinia purpurea

Meliosma simplicifolia

Mallotus phillipinensis

Murraya paniculata

Symplocos dryophila

llex fragilis

Osmunthus fragrans

Aucuba himaliaca

0.0

0.1

10.6
L8
0.9
0.1

02
0.4
35
0.0
0.0

1.7
0.3
0.6

0.0
00
27
0.0

0.0

0.3

0.0

04
34

0.0
0.1
30

04

0.5
03
0.6
04

02

Deciduous Broad-leaved Tree

Bischofia javanica

Acer thomsonii

Alnus nepalensis 927 56.3

Acer campbellii 56 00 02

Rhus succedanea 13

Betula alnoides 0.1 287
Celtis tetrandra 0.1

4.7

0.3
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Table2 continued-2

Species Name Pl P! P3 P4 P5 P6 P7T PS8 PO PI0O P11 P12 P13
Morus macroura 0.0

Sapindus rarak 24

Morus alba 02

Cordia myxa 0.1

Magnolia campbellii 1.5
Prunus cerasoides 0.8
Deciduous Broad-leaved Shrub

Zanthoxylum acanthopodium 30 05

Ehretia macrophylla 34

Debregeasia longifolia 17

Pyrularia edulis 10 02

Cassia lechenaultiana 0.0

Boehmeria temnifolia 0.0

Wrightia arborea 0.0

Luculia grafissima 5.8

Total 100 100 100 100 100 100 100 100 100 100 100 100 100

BHCF HEB 0O DB

P1 P2 P3 P4 P5 P6 P7 PE P9 PIOPILI P12PI13
Plots (1-13)

Fig8 Life-form distribution of the sampling plots

Five life-forms are compared between the 13 plots.
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2) Forest types and habitats

The three major life-forms were classified into forest types by cluster dendrogram arbitrarily at 40 % similarity
threshold (Fig9). Four forest types were defined by their dominants and natural habitats (Fig9), i.e., 1. Alnus
nepalnensis plantation and young natural pioneer forest (P1, P6, and P7) of Alnus, Macaranga, Rapanea, Syzygium,
Croton, and Elaeocarpus types, 2. Natural forest type (P2, P3, P10, P11, P12 and P13) of mainly oak-laurel types
(Fig9), 3. Rufous necked hornbill habitat type forest (P8 and P9) of Lindera, Betula, Schima, Terminalia,
Lithocarpus, Castanopsis, Ficus, and Cinnamomum, and 4. Cryptomeria japonica plantation forest (P4 and P5). Plot
(P4) was established in the old Cryptomeria plantation forest (c. 30years) while P5 was established in the young
Cryptomeria plantation forest (c. 6 years) (Fig9). The young Cryptomeria plantation forest showed diverse species
while old Cryptomeria plantation forest reduced diversity of the forest. The impact of the plantation was also
investigated by using the forest structural traits (Figl0).

Forest structural features represented in figure 10A-F showed the difference in structures of different forest
ecosystems including man made (plantation forest) and natural forest of the study area. Floristically, the plantation
forest showed very limited species (P1, P4, P5, P6 and P7) compared to natural forest including the Rufous necked
hornbill habitat forest with a species number of 35 (P8) (Figl0OA). Similarly, the dominants were found higher in the
natural forest but plots (P10, P12 and P13) also showed lower dominants (Figl0B). The big emergent trees in those
plots contributed to the low dominants because of higher basal area as can be seen in figures 10 C, D and F. the
maximum dominants were recorded in P2, P3 and P11 with 9 dominants each followed by other natural forests
(Figl0B) . The maximum DBH of 210 cm was recorded in P13 (Lithocarpus pachyphylla) followed by 176 cm of

Terminalia myriocarpa in plot 9 (Figl0C). The maximum height of Daphnephyllum chartaceum tree (45m) was

Similarity index (%)
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Figd9 Cluster dendrogram showing different forest ecosystem in the study area

Four forest ecosystems (habitats) were identified using cluster analysis.
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recorded in plot 2 followed by tall trees in the natural forest compared to the plantation forest. However, the stem
density was found relatively higher in plot 7 (young natural regenerated forest) (FiglOE). Accordingly, total basal
area was found very low in the newly created plantation forest and higher basal area in the natural forest (FiglOF).
3)Regeneration and ground vegetation types in the sampling plots

The floristic composition of the regenerating tree species and ground vegetation under each forest types were
shown in tablel, 2 (Figll). Generally, the plantation forest (P1 and P4) showed relatively lower regenerating tree
species compared to natural forest particularly P8 (Figl1C). Diversity of regenerating tree species was found
fluctuating. However, Alnus plantation forest (P1), young Cryptomeria plantation forest (P5) and two natural forest
(P10 and P12) showed relatively high diversity (Figl1A). The herb diversity was recorded high in plantation forest
(P1, P5 and P7) and in the natural forest of P12 (FigllA). Similarly plantation forest saw relatively lower
regenerating tree species richness compared to the natural forest (Figl1B, Table3). On the contrary ground vegetation

of plantation forest recorded higher number of species than in the natural forest (Figl1C, Table4).
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Figl0 Forest structural features (A-F) of the sample plots around Gedu-Darla study sites
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The regeneration density was found higher under the natural forest except in the intact forest (P11, P12 and P13)
compared to the plantation forest (P1, P4, P5, P6 and P7) (Figl1D). The ground vegetation biomass was recorded
highest in P2 (natural forest) because of the dominant fern (Dryopteris) (Figl1D, Table4).

4) Litter and soil conditions under different forest types

Litter and soil samples were collected under each forest types (P1~P13) and analyzed for chemical properties.
The samples were collected from different layers (Litter, Fermentation-humus and Organic) (Figl2A). Old
Cryptomeria plantation forest (P4) did not show any organic matter and fermentation-humus layer (Figl2A).
However, when the plantation was young (P5), a well developed layers were observed, due mainly to associate
species that helped to accumulate litters and organic matter respectively (Figl2A). Whereas, a very few under story
species were observed and recorded under the old growth Cryptomeria plantation forest (P4).

On the other hand, plots established in the natural forest showed all three layers (litter, Fermentation-Humus and
Organic layer) including the Alnus plantation forest (Figl2A). The intact forest (P11, P12) showed even higher
accumulation of litter and organic matter. The result clearly revealed that plantation forest is not favorable for the
development of the soil layers as can be seen in plot 4.

The soil pH revealed slight acidic in the plantation forest compared to the natural forest (Figl2B). Similarly, the
available phosphorous was found higher in the natural forest though it fluctuates in some natural forest plots
(Figl2C).
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Figll Forest tree regenerations and ground vegetation features in the study area
(A) Regenerating tree and herb diversity, (B) Species richness of regenerating trees and herbs, (C) Regeneration

density and (D) Herb biomass (Volume) of Gedu-Darla study sites.

— 191 —



Table3  Floristic composition of the regenerating tree and shrub species in 13 sampled plots (Relative density)

Species name LF family P1 P P3 P4 PS5 P6 P7T PS P? PL0 P11 P12 P13
Trees

Cinnamomum 5p. ET Lauraceae 10 1.6

Daphriphyllum chartaceum  ET Daphmiphyllaceae 10 14 43
Elaeocarpus sp. ET Elaeocarpaceae 3 14

Pearsea sp. ET Lauraceae 6 36 55 40 29 136 3.6
Litsea sp. ET Lauraceae 16.7 44 30

Acer sp. ET Aceraceae 214

Castanopsis sp. ET Fagaceae 71 33

Glochidion sp. ET Euphorbiaceas 61.5 19.1

Callicarpa sp. ET Verbenaceae 22

Helicia Nilagirica ET Proteaceae 11

Macropanax sp. ET Araliaceas 11

Bischofia javanica ET Bischofiaceae 40

Castanopsis indica ET Fagaceae 30

Lithocarpus sp. ET Fagaceae 1.0

Pentapanarx sp. ET Araliaceas 1.0

Alcimandra cathcartii ET Magnoliaceae 200
Castanopsis histrix ET Fagaceae 200

Michelia sp. ET Magnoliaceae 29

Neolitsea sp ET Lauraceae 438
Carpinus sp. DT Betulaceae 44

Sapindus sp. DT Sapindaceae 1.1

Shiubs

Symplocos ramosissima ES Symplocaceae 20 286 743 321 129 91
Eurya acuminata ES Theaceae 20127 57333 36 231 191

Dichroa febrifuga ES Hydrangaeceae 20

Daphne sureil ES Thymeliaceae 10 43 214 171 375 435 143
Viburnum erubescens DS Caprifoliaceae 10 36 321
Myrsine semiserrata ES Myrsinaceae 397 10.0 16.7 3.6 13.6
Symplocos lucida ES Symplocaceae 7.9 333 .7 43
Symplocos sumuntia ES Symplocaceae 1.6 11.4

Pyrularia edulis ES Rosaceae 29

Euonymus sp. ES Celastraceae 36

Casearia sp. ES Flacowtiaceas .7 1.0

Maesa chisia ES Myrsinaceae 61.7 5.0

Mimosa sp. ES Leguminaceae 22

Ostodes paniculata ES Oleaceae 11

Maesa sp. ES Myrsinaceae 20

Bauhinia sp. ES Leguminaceae 1.0

Mallotus teracoccus ES Euphorbiaceas 1.0

Muraya sp. ES Rutaceae 1.0

Symploces glomerata ES Symplocaceae 29

Luiculia sp. ES Rubiaceae 125
Randia sp. ES Rubiaceae 6.3
Boehmeria sp. ES Urticaceas 43
Brassaiopsis sp. DS Araliaceas 453
nnlmown species

A-708 736 73.0
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Table4 Floristic composition of ground vegetation under different forest types in the study area

Species name Pl P2 P3 P4 P5 P6 P7 PS8 P9 P10 P11 P12 P13
Dryopteris sp. 408 952 937 744 182 44 223 20 11
Oplismenus burmannii 167 02 04 08 02 06 10 19 18 71 58
Elatostema sp. 110 24 03 02 02 05 05 50 90 03
Pteris sp. 9.7 03 26 1.0 09 17 267 23 8.6
Polystichum sp. 45 05 07 128 08 150 05 11 545 05 12
Chimonobambusa sp. 35 02 81

Attyrium sp. 32 1.2

Utrica sp. 22

Labiareae sp. 16 10 02 27

Diplazium sp. 1.4 1.1 4.7
Filea sp. 11 01 01 01 05 03 54 04

Pteris cretica 09

Clematis sp. 06 02 02 01 2 1.7
Hydrocotyle nepalensis 04 01 01 01 01 05 1 01 02 01
Viola sp. 04 02 02 07 24 02 17 1.2 24 04
Jasminum dispermum 03 00 04 06 180 05 05 6.7
Strobilanthes sp. 03 02 02 08 02 11 15 86 91 31
Smilax sp. 03 0.1 1.0 03 0.2
Persicaria sp. 02 0.1 0.5 0.1

Ophiapogon sp. 02 01 01 25 31
Impatiens sp. 02 01 02 01 03 01

Swertia sp. 02 0.1 0.1

Carex sp. 0.1 02 03 23 12 38 1.9

Fragaria sp. 0.1 0.3

Davalia sp. 0.4 04 02 06 1.3

Agapetes sp. 0.1

Commelina sp. 01 01 01 57

Coelogyne sp. 0.1

Debregeasia sp. 0.0

Dichroa febrifuga 0.7 05 53 216 35 14

Desmodium sp. 0.1

Piper sp. 0.1 03 11 1.0 298 34

Bergenia sp. 22 0.3

Selaginella sp. 1.7 03 340 176 144 1611 0.1

Lepisorus sp. 0.7 25

Prangos sp. 02 01

Asplenium sp. 02 01

Pellionia sp. 02 18

Sanicula sp. 01 11 0.3 1.2
Rubia sp. 0.1 23 0.1
Pouzolzia sp. 0.1

Parthenocissus sp. 0.1 283 04 12 03 08 35
Boehimeria sp. 0.1 14
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Table4 continued-1

Species name

P1

P2 P3

P4

P5

P6

P7 P8 P9 P10 P11 P12 P13

Geodyera sp.
Ctenitis sp.

Stachys sp.
Euonymus sp.
Drynaria sp.
Hedera helix
Lecanthus sp.
Chrysoplenium sp.
Smilacina sp.
Eupatorium sp.
Ardesia macrocarpa
Perillula sp.
Kyllinga sp.
Cynachum sp.
Rubus ellipticus
Rawvolfia sp.
Ageratum sp.

Salvia sp.
Nephrolepis (sample)
Ritbus sp.

Elsholizia sp.
Eragrotis sp.
Eulophia (sample)
Toddalia sp.
Holbeellia latifolia
Glycine (sample)
Schiandra sp.
Plantago sp.
Hedychium sp.
Coniogramme sp.
Mentha sp.
Gynostemma sp.
Blechnum sp.
Mikania sp.

Labur laga
Arisaema sp.
Pteridium aquilinum
Achyranthes sp.
Eupatorium odoratum
Tecraria polyinorpha
Rubia cordifolia
Aconogonum sp.
Rhaphidophora sp.

0.1

54
1.5
0.4
0.4
02
0.2
02
0.1

12.8
1.8
1.0
0.6
1.1
0.5
0.3
0.2
0.2

0.3

1.2
21 01 03

19.6
0.7 0.2
1.7

5.8
1.5
01 18 37 03
33
22
1.8
1.2
0.8
0.7
0.4
02
0.2
0.1
1583 39.0
4.5
12 07
0.2
10.0
4.4
32
2.6
0.6
0.4
0.4
02

02

0.6

6.8

0.3
25
1.3
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Table4 continued-2

Species name P1 P2 P3 P4 PS5 P6 P7 PS8 P9 P10 P11 P12 P13
Vifis sp. 0.8
Pilea scripta 245
Yushania sp. 141 8838
Calanthe sp. 2.0
Tupistera sp. 12
Utrica dioca 0.3
Rumex nepalensis 0.2
Sibbaldia sp. 0.6
Polygala sp. 0.1
unknown species
A4-973 (Gonad) 02
A-974 02
unknown sample 0.4
Sample herb 1.0
fern 06 21 23
NAM-JTA 0.4
TOTAL 100 100 100 100 100 100 100 100 100 100 100 100 100
o~ 05 - .
5 (&) [ Orgame nuatter
& 044 [ Fermentation-Humms
—
;_' 0.3 A
=
‘S
z 021
£
=
5 011
0.0
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Figl2 Litter, organic matter accumulation and soil properties of the studied forest
(A) Accumulation of three layers, (B) Soil pH and (C) soil available phosphorus under each forest types. (Note;

Samples from plots 10-13 are still under analysis).
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6. CONCLUSIONS

The study found out that human impact on the natural forest at Gedu-Darla caused huge loss in species diversity as
well as loss of habitats for many fauna including the rare Rufous necked hornbill habitats. On comparing the natural
forest (Hornbill habitat) with two types of plantation forest (exotic Cryptomeria japonica and Alnus nepalnensis)
after logging showed clear difference both diversity and structure (Figl3). After the plantation, the forest losses many
of its species which were present before logging. There were no relict species recorded in the Cryptomeria plantation
forest and a few in the Alnus plantation forest. Similarly, the species richness in the natural forest was found four times
higher than in the plantation forest (Figl3A). The dominant species were also observed very high in the natural forest
forming complex canopy structure whereas, only one dominant was observed in the plantation forest. The figure
clearly revealed strong human impacts in terms of diversity.

Structurally, natural forest appeared superior compared to the plantation forest (Figl3B). Maximum diameter at
breast height (1.3m) of the tree in the natural forest was about three times bigger than the diameter of the planted
trees. Similarly, the maximum height of the tree was also found taller in the natural forest than the plantation forest.
The high complex forest was found suitable habitat for the rare bird (Rufous necked hornbill) and destroying of such
natural forest lead to loss of such fauna species from the area.

Gedu-Darla oak-laurel forest also served as a open pasture for the local community and the humid climate favors
presence of high species diversity. Probably, such cloud evergreen broad-leaved (relict) forest is the only remaining
forest in the Himalayan region. The present study presented the highlights of the Gedu-Darla forest both floristically,
and structurally. The negative impacts of the human activities were clearly shown. These results will be presented to

the policy makers and concrete measures will be taken in future.
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Vulture Conservation Awareness Project in Rampur Valley, an Important
Bird Area of Nepal

Bishnu Prasad Shrestha

SUMMARY

The project entitled “Vulture Conservation Awareness project (VCAP)” was launched in Rampur valley, an
important bird area of Nepal with objectives of creating awareness among school students, local farmers, Community
Forest User Group (CFUG) members, women groups, youth people and other local community and motivating them
towards vulture conservation and as whole ecosystem conservation. The program implementation approach was
participatory and collaborative. Visuals, audio-visual aids were used.

Talk program, public awareness program (brochure publication, radio program, conservation board establishment,
vulture documentary show), conservation education at school level (school teaching program, educational materials
distribution, inter school essay, drawing and quiz competition, field trip at vulture colony, nature club formation) and
non formal education for capacity building of local farmers, CFUGs members and women groups (educational material
distribution, environment education, vulture restaurant and Meloxicam awareness activity), sports and rally were the
major programs conducted in Rampur valleys. Appreciable participation and interaction of school students, youth clubs,
local farmers, CFUGs members, women groups and other different stakeholders in respective programs showed their
keen interest for vulture conservation. Community based protection approach has no alternative to vulture’ conservation
and long-term habitat management. Strengthening and capacity building programs and awareness raising programs for
local community (school students, youth people and other adult aged people) play long lasting contribution in
conservation of threatened vulture species in the Rampur valley and ultimately in nature conservation. Continuation of

this project is highly recommended.

1. INTRODUCTION

Nepal is rich in biodiversity due to diverse climatic and ecological zones resulting from great altitudinal variation that
ranges from lowland Terai (60m) to the Mount Everest (8,848m) within a very short distance of 195 km. Although
comprising only 0.09% of global land area, Nepal possesses a disproportionately large diversity of flora and fauna at
genetic, species and ecosystems levels. Rampur valley, a hotspot of biodiversity and an important bird area of Nepal,
which possess typical forest ecosystems of mid hills where forests are mostly, managed by local institutional body,
community forest user groups (CFUGs). Rampur valley supports four species of vultures: Gyps bengalensis, Gyps
tenuirostris, Sarcogyps calvus and Neophron percnopterus. Among them Gyps bengalensis, Gyps tenuirostris and
Sarcogyps calvus are under a critically endangered category of International Union for Conservation of Nature (IUCN)
and birdlife international. The forests where vultures are nesting are primarily managed by local communities under
agreement with the department of forest. Communities managing the forests are not aware of the significance of the
nesting vultures. Use of diclofenac in the area is proved as a dead adult vulture collected here showed gout and traces of
diclofenac were found (Shultz et al. 2004) . Diclofenac is a pain clear drug used for livestock treatment.

Livestock/veterinary shop sold these medicines to local farmers. It is very harmful for vulture species. If livestock are
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died after the treatment with Diclofenac, they are kept in open land and then vultures ate the dead body of livestock.
Due to low awareness on importance of vulture conservation, people do not pay attention towards its conservation
and they manage forest only for direct benefit and neglect for ecologically valuable species. In this situation, there is high
risk of ecologically valuable species, vulture being extinct ultimately resulting to huge loss of biodiversity. To overcome
this situation and contribute in vulture and as whole nature conservation, this project-“Vulture Conservation Awareness

Project (VCAP)” has been launched in Rampur valley.

2. OBJECTIVES
This project basically focuses on conservation awareness programs among school students, local youth, farmer
groups, CFUGS and other local communities. The specific objectives of the project are
(1) To create awareness among school students and motivate them towards vulture and ecosystem conservation.
(2) To create awareness among local farmers, CFUG members and other community people about the importance of
ecosystem, bird conservation and as a whole nature conservation.
(3) To form bird conservation clubs at secondary school level and motivate them towards vulture and ecosystem

conservation.

3. PROJECT SITE

Rampur Valley, an important bird area of Nepal, is located in the western development Region of Nepal. It lies in the
eastern part of Palpa district and situated in the transition region between Terai and hill ecological zones, at an elevation
of 442m. Tt covers the three village development committees (Rampur, Darchha and Khaliban Village Development
Committee (VDC)). Kaligandaki river boarders the Rampur valley in the northern side. Majority of the people are poor
and uneducated. They are dependent on agriculture and forestry for their subsistence living. The major forest types are
Shorea robusta forest, Schima-Castanopsis forest and other mixed forest (Bombax). Major agricultural crops they
planting are rice, maize, wheat, barley and other vegetable crops. Rampur valley supports four species of vultures:
white-ramped vulture, a critically endangered; slender-billed vulture; Red-headed and Egyptian Vultures (Annex-8).

Vultures mainly use Bombax trees for nesting and roosting.

Falpa district

00 0 100 200 Kiloneters
__—__—

Figl Map showing project area
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4. MATERIALS AND METHODS

The program implementation approach applied in this project is participatory and collaborative. All programs are
launched in a participatory approach involving local community because people participation is the best way to address
all the problems and solutions at grass level. Different concerned stakeholders are involved in this project in respective

areas (Annex-1). Visuals and audio visuals aids are used in different programs.

5. PROGRAMS, Activities
(1) Talk Program

We organized the talk program/interaction program in two times, first phase talk program at the beginning of the
project period (November 25, 2007) and second phase talk program at the middle of the project period (April 20,
2008) on vulture conservation to involve and get idea of all stakeholders for conservation. Participants were from
community forest user groups, village development office, local youth clubs, veterinary shop, range post office,
agriculture service centre, livestock office and secondary schools (Annex-4). Really, they are very much interested to
conserve the vulture and contribute in nature conservation. All stakeholders agreed upon the use of Meloxicam instead of
Diclofenac for livestock treatment although the Meloxicam is expensive than Diclofenac. Bird Conservation Nepal and
Livestock offices has managed and coordinated to exchange the Meloxicam and Diclofenac at veterinary shop.
Veterinary shops have agreed to convince the local farmers for selling the Meloxicam.

Local communities are interested to establish and manage the vulture restaurant near the Khaireni vulture colony if
any organization supports them. Village development offices and other government offices are interested to collaborate

for this work. Fifty people were participated from different organization.

Photol Interaction program for vulture conservation in Rampur valley

(2) Public Awareness Program
1) Brochure Publication

We prepared the brochure “Vulture-An Introduction” to create public awareness on vulture conservation. We
collaborated with Bird Conservation Nepal (BCN) and Biodiversity Conservation and Research Forum (BICORF),
Nepal to publish the brochure. Brochures were distributed in schools, different organizations and other related

organizations.
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2) Radio Program

Radio program is one of the best methods to educate and aware the local community on vulture and nature conservation.
Radio program name is “Hatemalo” in English “Partnership”. This program has been broadcasted through Community
Radio-Madanpokhara, 106.9 MHz, Madanpokhara, Palpa since last week of November, 2007. Madanpokhara FM
broadcasts Hatemalo radio program every Friday at 8:30 for fifteen minutes. This program has covered biodiversity,
types of biodiversity, importance of biodiversity conservation and nature conservation, existing status of biodiversity in
Nepal, problems and prospects of biodiversity conservation, biodiversity documentation and registration and its
importance for local livelihood, forest types and its condition in Nepal, wetlands and its conservation, vulture activities in
Rampur valley, vulture types in Nepal and especially in Rampur valley, their breeding ecology (habitats, their habits,
breeding period) , Misconception about vulture, importance of vulture, reason for vulture population decline in Nepal,
challenges for vulture conservation, consequences of vulture decline, conservation efforts in Nepal for vulture
conservation.
3) Vulture Documentary Show

Vulture documentary (Nepali as well Hindi) has been shown in Bejhad, Materi, Dumri Gaun, Khaliban, Ratnapur,
Sadarwarth places of Rampur valley and three different secondary schools. Documentary show program is very effective
to create awareness and develop the capacity of local community towards vulture conservation and nature conservation.
More than 800 people were affected from this program.
4) Conservation Board Establishment

Conservation Boards were established at Sadawarta, Khaliban, Bejhad, Materi, Ratnapur-Damachaur and Bijayapur
of Rampur valley to create awareness among local people. These boards were established at different places coordinating
and collaborating with local youth clubs (Rampur youth club, Kaligandaki youth club and Social Evil Eradication
Society) and community forest user groups (Ramche, Khaireni and Alainche). Following texts were written in
conservation board to raise the awareness among local people for vulture conservation.
“Save the Vulture”

Use Meloxicam instead of Diclofenac for Livestock treatment. Save the vulture’s habitat by conserving roosting and

nesting trees to maintain clean environment and balance ecosystem

Photo2 Conservation Board establishment at Sadawarta and Bejhad of Rampur valley respectively
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(3) Conservation Education and Capacity Building Program: Secondary School level
1) Educational Materials Production and Distribution

Environmental, biodiversity and vulture related materials were prepared and published for school teaching programs
to create awareness on school students. These materials were distributed to the school students and different schools and

other conservation related organizations.

Photo3 Educational materials

2) School Teaching Program

School Teaching program is one the best methods to educate and aware the school students on vulture conservation
and contribute in nature conservation. Preliminary survey was done consulting with district education office, Palpa on
first January at Rampur valley to select secondary schools. Nine secondary schools and two primary schools from
Rampur valley were selected for school teaching program (Annex-2). School teaching program was conducted from
January to April at eleven secondary schools of Rampur valley surroundings to create and raise awareness level of school
students on environment, vulture and biodiversity conservation. Team leader, BICORF members, BCN general members
and Institute of Forestry (IoF), M.Sc. students and assistant were participated as resource persons in school teaching

program. Students were aware about the importance of vultures after school teaching program.

Photo4  Students listening information given by resource persons
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3) Inter Secondary School Essay Competition Program

Inter Secondary School Essay Competition was conducted on February 28, 2008. Every school selected their talent
student organizing intra competition program. 9 students from selected 9 secondary schools were participated in inter
secondary school essay competition. The title of essay competition was “Students’ role in Vulture Conservation”.
4) Inter Secondary School Drawing Competition Program

Inter Secondary School Drawing Competition was conducted on March 20, 2008. Every school selected their
participant organizing intra competition program. 11 students from 9 secondary schools were participated in inter
secondary school essay competition. The title of drawing competition was “Landscape of Rampur valley and Vulture’s
Importance”. Students made drawing covering all landscape of Rampur Valley, biodiversity conservation and existing
condition of vulture and its importance in nature conservation.
5) Field Trip at Vulture Colony

We organized the field trip to vulture colonies for students because students can feel and see the reality and condition

of the vulture colonies and vulture condition at different habitat.

Photo5  Students viewing the vulture through binocular at vulture colonies during field trip

6) Inter Secondary School quiz Competition Program
Inter Secondary School quiz Competition was conducted on April 15, 2008. Every school selected their participant
organizing intra competition program. 27 students from 9 secondary schools were participated in inter secondary school

quiz competition.
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7) Prize distribution Program
Prize was distributed for winners of inter secondary school essay, drawing and quiz competition programs. Similarly,

certificate of appreciation was distributed all participants (students) and participated schools.

Photo6 Prize Distribution Program for winners (Inter School Essay, Drawing and Quiz competition)

(4) Discussion Program at youth level

We organized the discussion and interaction program for local youth clubs. The discussion topic/issue was “Role of
local youth in vulture conservation in Rampur valley”. Youth’s participation was really appreciable and interested to
conserve and protect the vulture in their surrounding through creating awareness program at local level. 35 youths from

different youth clubs were participated.

(5)Bird club (Nature club) formation
Nature club was formed at every higher secondary school. There were 9 nature clubs formed in Rampur valley.
Principal of School, Environment and science teachers are the advisors of the nature clubs. Within nature club, there is

sub committee for vulture conservation.

(6) Conservation Education and Capacity Building Program: Non Formal Education for Farmer Groups and CFUGs
1) Preparation and production of environment education materials

Environmental, biodiversity and vulture related materials were prepared and published for non formal education to
create awareness on local people. These materials were distributed to women groups, farmer groups and member of
CFUGs and other conservation related organizations.
2) Environment Education

We conducted the environment education program especially for women groups, lead farmers and community forest
user group members at Rampur, Darchha and Khaliban VDC. Education, training, awareness are means to increase
technical competence and to achieve voluntary participation of individuals and communities in vulture conservation.

More than 100 participants from different organizations were participated (Annex-5).
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3) Vulture restaurant and Meloxicam awareness activity

We organized vulture restaurant and Meloxicam awareness activity at Rampur, Darchha and Khaliban VDC.
Education, training, awareness are means to increase technical competence and to achieve voluntary participation of
individuals and communities in vulture conservation. More than hundred participants were participated (Annex-6).
Vulture restaurant is a place where dead bodies were kept for vulture feeding. At Khaireni and Badwan colonies, local
communities are interested to establish the vulture restaurant. To provide the fresh food i.e. without contamination, local

people should have to buy old livestock and after their death, they will keep these dead bodies in a particular area.

Photo7 Vulture restaurant and Meloxicam awareness program

(7) Vulture Week Celebration

We celebrated the vulture week organizing sports (volleyball and football tournaments) and rally to encourage
youth and other people towards vulture conservation. List of participated youth clubs is shown in annex-7. The project
team assisted in making play cards related to biodiversity and vulture conservation. The students and youth clubs

displayed the play card in a rally to aware vicinity local communities and stakeholders on vulture and ecosystem

conservation.

Photo8 Vulture week celebration organizing sports
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6. ACHIEVEMENTS
The major achievements of the program are

(1) Appreciable participation and interaction of School students in school teaching program showed their keen
interest towards vulture conservation and biodiversity conservation and maintaining green and sound environment
in their surroundings.

(2) Appreciable participation of School students in Inter Secondary School Essay Drawing and quiz competition. It
showed active involvement of Students in biodiversity and nature conservation activities.

(3) Knowledge of school students on environment, vulture conservation and biodiversity conservation has increased.

(4) Appreciable participation and interaction of the CFUGs member, representative from different governmental
offices (range post, agriculture service centre, livestock service centre, village development offices) , local farmers,
women groups, local youths in talk program, discussion program, environment education and radio program
showed their keen interest towards vulture and biodiversity conservation and managing their natural resources in a
sustainable way.

(5) Appreciable participation and interaction of the CFUGs members and local farmers in vulture restaurant and
Meloxicam awareness activity program showed their keen interest towards vulture conservation and establish the
vulture restaurant near the vulture colony.

(6) Appreciable participation and interaction of the youth people in vulture week celebration organizing sports and
rally showed their keen interest towards vulture conservation.

(7) Knowledge of youth people on environment, vulture conservation and biodiversity conservation has increased.

(8) Awareness level, capacity and knowledge of local communities have increased.
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Annex1 List of local collaborators for VCAP

SN Program/activity

collaborators

Talk program

BICORF, Nepal, DFO, Palpa and BCN, Nepal

[t | b=t

Brochure Publication, Vulture documentary show,
environment education vulture restaurant and
Meloxicam awareness activity

BICORF, Nepal and BCN. Nepal

3 Radio program BICORF, Nepal and Madanpokhara FM. Palpa
5 Conservation board establishment BICORF, Nepal, Rampur Youth chub, Kahigand: youth
club, Social evil eradication soctety, Kharem CFUG,
Alamche CFUG and Ramche CFUG
6 School teachmg program BICORF, Nepal; BCN, Nepal and IoF
7 Inter Secondary School Essay, Drawing and Quiz BICORF, Nepal
competition Program

Annex2 List of Secondary school for school teaching program, Inter Secondary School competition program

SN School Name Address

1 Ram Tulsi Higher Secondary School Darchha, Rampur, Palpa

2 Rampur Boarding Enghish High School Rampur-4, Bejhad, Palpa

3 Bhupu Samik Rismg Boardmg School Darchha, Rampur, Palpa

4 Jana Bikas Hicher Secondary School Darchha-1, Rajghara, Palpa
5 Dararthanti Higher Secondary School Rampur-6, Byjayapur, Palpa
6 Nawa Durgha Secondary School Rampur-8, Tilakpur, Palpa
7 Ananda Niketan Biddhashram Rampur-5, Dunibrigaun Palpa
8 Ganga Secondary School Eldetar, Khaliban Palpa

9 Janahit Secondary School Ratapur, Syangja

10 Laxmm Primary School Darchha9, Palpa

11 Sita Ram primary School Darchha-7, Palpa
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Conservation of the Proboscis Monkey,

Nasalis larvatus in the Klias Peninsula, Sabah, Malaysia

Henry Bernard

Institute for Tropical Biology and Conservation,
Universiti Malaysia Sabah

SUMMARY

This project which is aimed at conserving the last remaining Proboscis Monkey populations in the Klias Peninsula on
the west coast of Sabah, Malaysia, is a 2 year project which began in November 2007 and will run until October 2009. The
present document reports on the progress from the beginning of the project (1st November 2007) till 31st October 2008,
i.e., the first 12 months of the project period. Despite the need to revise the project’s objectives due mainly to the
unforeseen impediment in the actual fieldwork and other practical reasons, the project has been very active in
accomplishing all of its objectives. All activities relating to research component of the project are up and running
including the establishment of vegetation plots, monthly collection of phenological data and studying monkey behaviour.
2 Ph.D candidates registered at Universiti Malaysia Sabah (UMS) have been engaged in the project and 5 undergraduate
students of UMS have received training on field research techniques relating to studying Proboscis Monkey behaviour and
ecology in the wild and in captivity. Environmental awareness education has been conducted focussing on conservation

status of Proboscis Monkey in Klias. The project will continue for another 12 months till November 2009.

1. PROJECT BACKGROUND

The Malaysian state of Sabah (72,000km®) which occupies the north-eastern tip of Borneo Island in Southeast Asia is
located within one of the richest bio-geographical regions both in terms of species and habitat richness. Its non-human
primate fauna in particular is very diverse. A total of 13 species of non-human primate have been known to exist on
Borneo Island, and 10 species are found in Sabah. Amongst the most outstanding non-human primate species is the
Bornean endemic Proboscis Monkey (Nasalis larvatus).

A statewide survey of the Proboscis Monkey populations in Sabah revealed that there is a minimum population size of
close to 6,000 individuals (Sha et al. 2008). The main strongholds of the Proboscis Monkey populations in Sabah are
located in the east coast within the Lower Kinabatangan and Segama floodplains. Klias Peninsula contains the only
remaining viable populations of Proboscis Monkey on the west coast of Sabah with estimated population size ranging
from 569 to 818 individuals and forming possibly the third largest populations of this monkey in Sabah (Bernard and
Zulhazman 2006, Sha et al. 2008). Although considered as a highly charismatic primate species and has received
increasing attention in recent years, especially as an important ecotourist attraction, the Proboscis Monkeys in Klias, are
increasingly threatened by habitat loss, conversion and fragmentation, mostly as a result of human activities.

Over the past ten years, populations of Proboscis Monkey in Klias have remained relatively stable (Bernard 1997,

Bernard and Zulhazman 2006, Sha 2006). Major Proboscis Monkey populations in Klias Peninsula are found at four
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general localities namely Garama (in and around the Padas Damit Forest Reserve), Menumbok and Weston which may be
discontinuous from each other, and small isolated populations in the Bongawan area, Binsulok and within the Klias Forest
Reserve (Bernard and Zulhazman 2006; Figl ). However, the distribution range of this monkey in some places appeared to
have reduced such as in Weston where animals are now pushed towards the coast resulting from land development in
upstream areas (Bernard 2006). This project on “Conservation of the Proboscis Monkey, Nasalis larvatus, in the Klias
Peninsula, Sabah, Malaysia” is a 2 year project which started in November 2007 and will run until November 2009. The
present paper provides the first year report on the progress of the project for the period from 1st November 2007 to 31st
October 2008. The overall aim of the project is to protect the Proboscis Monkey populations through the creation of a
multi-disciplinary project, merging research, training and environmental awareness education. The project will increase
awareness on the importance of Proboscis Monkey conservation in the Klias Peninsula, and Sabah in general, build human
capacity for non-human primate species field research, and gather novel data that will enable effective conservation

measures to be taken to protect the Proboscis Monkeys in its natural habitats.
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Figl Proboscis Monkey distribution in the Klias Peninsula showing the stronghold of Proboscis Monkey population

located in and around Padas Damit Forest Reserve at Garama (according to Bernard and Zulhazman, 2006)
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The main objectives of the project are to:
(1) study the distribution and estimate the population size of Proboscis Monkey in Klias Peninsula;
(2) study the behaviour and ecology of the Proboscis Monkey;
(3)investigate the effects of habitat alteration/fragmentation and other human-related activities on the Proboscis
Monkey populations;
(4) investigate the threats to the Proboscis Monkey in the Klias Peninsula;
(5
(6

(7) promote the Proboscis Monkey as an important eco-tourism attraction in Klias Peninsula.

)
) train students in a range of ecological and behavioural field research techniques relating to Proboscis Monkey;

) increase awareness on the Proboscis Monkey and their conservation needs; and

)

2. PROPOSED ADJUSTMENTS TO THE PROJECT

Although the project was initially intended to cover the entire Klias Peninsula, due to the large area to be covered
(3,136km?) and with access difficulties due to the swampy habitats of Klias, coupled the timidity of the Proboscis Monkey
in the wild, it was evidently unfeasible to cover the entire Klias peninsula to allow for detailed study of each important
Proboscis Monkey population in the area. Adjustment on the initial aim statement and specific objectives of this project
was therefore inevitable. This predicament has been stressed and adjustments to the project have been suggested in the
interim report submitted to the secretariat of PRO NATURA FUND in April 2008.

The main proposed adjustment of the project was to give emphasise to the populations of Proboscis Monkeys within the
protected Padas Damit Forest Reserve (PDFR) and its immediate vicinity, i.e., collectively called Garama area, located in
the central part of the Klias Peninsula. The Proboscis Monkey population densities in Garama have been previously
estimated to range from 13.1 to 23.3 individuals/km® and were found to be the stronghold of the Proboscis Monkey
populations in the entire Klias Peninsula (Bernard and Zulhazman 2006). In addition, instead of giving equal emphasis to
all of the initially stated objectives, it was proposed that more time and effort should be appropriated to the research
component of the project i.e., to study the ecology and behaviour of the Proboscis Monkey in Garama. The specific
objectives of the research component of the project were suggested to be as follows:

(1)to describe the botany of the riverine and mangrove, and the transission zone between riverine and mangrove

forests within the Padas Damit Forest Reserve and surrounding areas;

(2) to monitor the production of plant parts of the forests, and to assess changes in food availability over a period of 12

months within the Padas Damit Forest Reserve and surrounding areas;

(3) to monitor the distribution patterns of Proboscis Monkey populations in and around the Padas Damit Forest Reserve
and to correlate these with changes in the distribution patterns of the food plants available over a period of 12 months;

(4) to study the general behaviour of Proboscis Monkey with specific reference to feeding behaviour.

The training component was continued as this project proved to be very useful platform for providing training to
undergraduate students from Universiti Malaysia Sabah (UMS) to build human capacity on non-human primate species
field research. Research projects were in the form of final year dissertation projects and were designed in such a way that
they are parts of the larger research project framework. Funding was optimized with the engagement of students to carry
out these short termed research projects within the larger project framework. Environmental awareness education
component was mainly centred in Garama, targeting school children at schools in the immediate vicinity of Padas Damit

Forest Reserve, UMS students and non-government nature based organisations.
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3. MAIN ACTIVITIES AND PRELIMINARY FINDINGS DURING THE FIRST YEAR PERIOD OF THE PROJECT
(1) ADMINISTRATION

Permit to conduct this project and to study the Proboscis Monkey in Garama for 12 months from January to December
2008 was granted by the Forestry Department of Sabah through a letter dated 24th December 2007 (Ref. No: JPHTN/PP
100-1/6/8/k1t.2/60). In September 2008, an administrative assistant Ms. Donna Christine Simon has been engaged under
this project for a maximum period of three months (till November 2008) to assist with administrative matters of the

project.

(2) FIELD WORK AND RESEARCH ACTIVITIES
1) GENERAL

A 3 day reconnaissance trip was initiated to Garama in mid November 2007. The aim was to assess the logistical
support and other practical support needed to start the project in the field in Garama. These included establishing contact
with the local people, to hire field enumerators and boatman, to identify suitable location to set up base camp site, arrange
boat transportation and establish a practical telecommunication system. During this field trip, a general survey was
conducted going through all accessible waterways in Garama in order to gain a general impression of the topography and

vegetations in the area.

2)BOTANICAL AND PHENOLOGICAL STUDY

8 botanical plots measuring 10 meters wide and with a total length of 1km have been established in the forests along
10km length of the Garama river measured from the base camp site to the intersection between the Garama river and Klias
river (Fig2). The botanical plots were established in the forests by the river banks starting from about 10m from the river
edge up to about 80 to 100m perpendicular distance away from the river edge. These plots included important Proboscis
Monkey feeding sites. All trees inside the plots with a girth size at breast height (gbh) of = 30cm were tagged and
identified to species level. The overall density of trees recorded was low (279 trees/ha). The rate at which the tree species
number increased with increasing tree sample size showed that most tree species with gbh = 30 cm have been sampled
(Fig3). Total tree species appeared to have reached asymptote after only about 150trees have been sampled. Most of the
trees (60%) from the botanical plots had girths less than 60cm, with maximum recorded girth 400cm. Mean girth size was
67.04cm.

Opverall tree species richness of the forests of the study area was poor. The recorded total number of plant families was
13 and total tree species number was 16. All plant families showed no dominance with each family was represented by
only 1 or 2 tree species. However, in terms of the relative abundance of the tree species, there is a clear dominance of
Excoecaria indica representing about 28% from the total number of trees enumerated. Other less dominant tree species in
order of decreasing representation are as follows; Cerbera odollam (13%), Ficus binnendykii (12%), Bruguiera
gymnorrhiza (8.9%), Psydrax sp. (7.9%), and Symplocos celastrifolia (7.5%) (Tablel).

From the botanical plots, the forest of the study site in Garama could generally be divided into 3 classes, namely
riverine forest on the upper parts of the Garama river, mangrove forest on the lower parts of the river and mixed
mangrove-riverine forest along the intersection between the 2 forest types. The mixed forest type is basically a transitional

zone where mangrove forest intergrades to riverine forest.
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A total of 300 trees was monitored monthly for their phenological cycles. These included all trees enumerated in the
botanical plots, and some trees outside of the plots that are important Proboscis Monkey feeding trees. Phenological study
started in January 2008 till October 2008. Partial data analyses have been conducted for data from January to August 2008.
Generally, more young leaves were produced during earlier parts of the year, with fruit production was more prominent
during the latter parts of the year. Flowering pattern was more or less stable throughout the year with no apparent peaks
(Figd).

% Tablel Tree families and abundance of tree species
(=30cm gbh) in the botanical plots at Garama
Wlias River
Famili Species Number of trees
Euphorbiaceas Excoecaria indica 80
Garama River
Apocynaceae Cerbera odollam 35
Moracreae Ficus binnendykii 4
Rhizophoracea Bruguiera gymnorrhiza 24
Rubiaceae Psydrax sp. 2
Symplocaceae Symplocos celastrifolia 21
Myrsinaceae Rapanea avenis 13
Meliaceae Dysoxylum cyrtobotryum 13
Mymsinaceae Ardisia elliptica 10
Sterculiaceae Heritiera litioralis 8
Fabaceae Pongamia pinnata 6
Rhizophoracea Rhizophora apiculata 6
Palmae Oncosperma tigillarium 4
Legend Flacourtiaceae Casearia grewiaefolia 1
(BS) Base Carrp Malvaceae Hibiscus tiliaceus 1
Phenology Plot Rubtaceae Nauclea orientalis 1
River
1 05 0 1 Kilometers Tnm] 279
Fig2 Locations of botanical plots along the Garama
River in Garama
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3) SURVEY OF POPULATION DISTRIBUTION, ESTIMATES OF POPULATION SIZE AND DENSITY

Monthly variations in the range of distribution of the Proboscis Monkey in Garama have been recorded from January to
October 2008, except August 2008 due to illness of the principal investigator. Distribution of Proboscis Monkey was
determined by plotting the latitude and longitude location coordinates of groups of the monkeys encountered in every
month. Latitude and longitude coordinates were determined using 100 GPS devices. A total of 120 location coordinates
has so far been recorded until September 2008. The monkeys were found in all forest types including riverine and
mangrove forests from January to June 2008, but there appeared to be a shift in preference to riverine forest during July
and September 2008 coinciding with higher fruits production during those periods (Fig5). The encountered number of
Proboscis Monkey groups per month varied from a minimum of 10 groups, recorded in April 2008, to a maximum of 25

groups, in March 2008. Estimate of population size and relative population densities are yet to be calculated.
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Fig5 Monthly distribution of Proboscis Monkey groups in Garama from January to September 2008

(Data in August 2008 is not available due to illness of principal researcher)
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4) BEHAVIOURAL DATA COLLECTION

Preliminary data collection on the general behaviour of the Proboscis Monkey was conducted from 17th to 22nd
December 2008. The purpose was to describe and define the different categories of behavioural activities of the Proboscis
Monkey in Garama. This study was also conducted in conjunction with an undergraduate’s dissertation project.

Actual behavioural study was started in January 2008. This was continued every month through the month of October
2008, except August due to illness of the principal researcher. Observations technique used in this study followed that by
Altman (1974). Behavioural study was difficult to conduct due to the timidity of the monkey. Although the monkeys were
not alarmed by the presence of humans in boat, the animals were extremely shy of humans on land. The monkeys would
flee very quickly by descending from the trees to the thick vegetation covered ground upon encountering a human
observer on land.

Full day follow of Proboscis Monkey groups was still not possible, even after about eight months since commencing the
behavioural study. However, it was encouraging that 2 groups could be identified reasonably well using marker individuals
(adult females) and these groups could be approached reasonably close (20m). But, caution has to be exercised when
identifying groups based on adult females as adult females in Proboscis Monkeys were know to shift groups frequently
(Murai et al. 2006).

No analysis has been made thus far on the behavioural data. Not inclusive of data recorded in October 2008, the total
direct contact hours with Proboscis Monkey in Garama was 108 hours; total number of scans made was 1,005 and total
number of observations made was 3,264. These data were recorded from observations made on 15 identified groups, i.e., 6
groups in mangrove forests while 8 groups in riverine forests. 1 group was observed in the mixed forest or transitional
zone of mangrove-riverine forest. On the average a total of 3 to 6 days has been spent per month for observing monkey
behaviour. Although full day follow was still not possible, 1 group has been followed continuously for 5 hours from
06:00hrs to 13:00hrs. At least 17 different plant species have been used as food sources by Proboscis Monkeys in Garama,

with preference for Ficus binnendijkii, Bruguiera gymnorrhiza, Hibiscus tiliaceus and Excoecaria indica.

5) CONSERVATION GENETIC OF PROBOSCIS MONKEY

In early August 2008, Dr. Jason Munshi-South travelled to Institute for Tropical Biology and Conservation (ITBC),
UMS to commence a conservation genetics study of the Klias Proboscis Monkeys under the larger framework of the
present project. During his visit, Dr. Munshi-South and the principal researcher collected 25 new fecal samples from
Proboscis Monkey individuals inhabiting 2 different river systems in the Klias peninsula i.e., Garama and Weston located
in the south of the peninsula. While at ITBC, J. Munshi-South extracted DNA from these 25 fecal samples plus an
additional 26 fecal samples collected earlier in the year by the principal researcher. Preliminary PCR amplification and
DNA sequencing of a segment of the mitochondrial d-loop began at ITBC and has continued in Dr. Munshi-South's
laboratory in New York. Sequences from all 51 samples are expected in November 2008. These mitochondrial d-loop
haplotypes will be used for a preliminary assessment of remaining genetic variation within the Klias peninsula, as well as
for a phylogeographic study of Proboscis Monkeys throughout the state of Sabah.

Dr. Munshi-South has also obtained primers from 19 human-derived microsatellite loci that will be screened for
amplification in these fecal samples, plus 12 liver samples Dr. Munshi-South obtained from the Bronx Zoo in New York.
If successful, then these markers will be used for a higher-resolution examination of genetic variation in the Klias

peninsula.
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(3) TRAINING and EDUCATION

2 students registered for Ph.D degree programmes at UMS have been engaged on the project since January 2008. Lee
Shan Khee is studying the proboscis population in Garama, while Joseph Tangah in Labuk bay. Lee S.K. is a senior staff
of the World Wildlife Fund (WWF) Malaysia based in Kota Kinabalu, Sabah. Joseph is a senior Forestry Officer employed
by the Sabah Forestry Department and is based at the Forest Research Centre in Sepilok, Sandakan, Sabah. Lee S, K. also
works as a part time research assistant under the present project since December 2007.

The Labuk Bay Proboscis Monkey population is semi wild located in a private land in a small 1km? fragment of
mangrove forest surrounded by large oil palm plantations. The monkeys in Labuk bay have been fed with artificial feed
(pan cakes) to supplement their natural diet of leaves and unripe fruits. Comparisons of data on behaviour and ecology of
Proboscis Monkey in Garama and Labuk Bay will be important to demonstrate how Proboscis Monkeys adapt to living in
two different habitat types that also differ in terms of level of disturbance.

2 undergraduate students, Mohamed Ridzwan Bin Ali and Halley Clestina Gom Awing, from the Conservation Biology
Degree Programme of UMS have been trained and partially funded under this project. Mohamed Ridzwan has worked on
a dissertation project on some aspects of behaviour of the Proboscis Monkey in Garama, while Halley did a behavioural
study of nine individuals of Proboscis Monkey in captivity at the Lok Kawi Zoological Park in Kota Kinabalu. Both
students have presented their findings during a viva voce session in the third week of April 2008.

2 new undergraduate students, Leong Ann Ying and Siti Zaraurah Binti Ag Gabor, from the Conservation Biology
Degree Programme of UMS have started their dissertation projects in May 2008 in Garama studying (1) how Proboscis
Monkey selects their sleeping trees - using a multivariate approach; and (2) feeding ecology of the Proboscis Monkey
using focal animal sampling as oppose to the usual instantaneous scan sampling method used for studying this monkey
previously. Field expenses of both students were fully covered by the present project.

One graduate student, Goh Cherng Jen, dissertation project that is not related to Proboscis Monkey study, but has
received partial funding from the project has also commenced in May 2008. The project entitled “Diversity of non-volant
small mammal fauna” is carried out in Garama. No such study has been conducted in Garama before and when completed,

the results of this study will form a basis for information on small mammal from this area in the future.

(4) ENVIRONMENTAL AWARENESS EDUCATION

On the 13th October 2008, a talk titled “Conservation of the Proboscis Monkey (Nasalis larvatus) in Klias Peninsula,
Sabah” was presented by the principal researcher to 35 students in their 3rd year from the Natural Park and Recreation
Degree Programme of the International School of Tropical Forestry, UMS. The talk was presented at the Sabah Forestry
Field Training Centre in Klias Forest Reserve. Additionally, on the 14th October 2008 the principal researcher
accompanied the same group of students to Garama to observe the Proboscis Monkey and learn technique to take a census
of the monkey populations.

Similar talk was scheduled on 6th November 2008 for members of the Sabah Soceity and the general public. The talk
was presented at the secretariat office of the Sabah Society in Kota Kinabalu. A total of 20 people attended the talk. In both
presentations, Pro Natura Foundation-Japan and The Nature Conservation Society of Japan has been duly acknowledged
as one of the main funding agencies of the conservation of the Klias Proboscis Monkey project.

PRO NATURA FUND has been acknowledged by the Director of ITBC, UMS, Assoc. Prof. Dr. Abdul Hamid Ahmad,
during an opening ceremony of an international workshop held in UMS. The director’s speech was published in the Daily
Express and The Borneo Post 2 popular local tabloids, dated 23/10/2008.
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4. WORK PLAN FOR NEXT SIX MONTHS, NOVEMBER TO APRIL 2009
Proboscis Monkey Research in Garama

@ Permission to extend the study in Garama for another 12 months from January to December 2009 will be
obtained from the Forestry Department of Sabah.

@ All major research activities in Garama concerning collection of phenological data, mapping of distribution
pattern, estimating population size and relative density and observation of Proboscis Monkey behaviour will be
continued on a monthly basis. Effort will be increased especially in studying the behaviour of the monkey and full
day follow will be endeavoured.

@ A fibreglass boat with sitting capacity of 4 people incl. a boatman, and 30hp outboard engine will be purchased
to assist with monthly boat survey of the Proboscis Monkey populations.

@ Local field assistants have been taught how to assess the phenological cycle of the trees in the botanical plots
and how to observe monkey behaviour so that data collection could be done even in the non-attendance of the
principal investigator. While the field assistants are now highly competent with the monthly phenological data
collection, they are still not willing to carry out the behavioural study without supervision from the principal
investigator. Beginning in October 2008, a temporary graduate field assistant Ms. Lisa from Lawas, Sarawak, has
been employed to assist with behavioural data collection. Lisa will continue to be employed as a field assistant in
this project in the next six months. In addition, Lee Shan Khee will continue to be employed as a part time research
assistant in the project.

@ Data analysis and writing of research papers will be started. While data collection on the main research project is
not yet completed, some of the undergraduate dissertation projects can be turned into research manuscript for
submission to the monthly journal of NACS-J or other journals. At least one research manuscript will be produced
in the next 6 months.

@ Research component on conservation genetic of Proboscis Monkey will continue. Collection of DNA materials
of Proboscis Monkey will continue in other places within the Klias Peninsula. This endeavour may be extended to
cover populations elsewhere in the state of Sabah and possibly also the entire Borneo Island.

@ Training of undergraduate students will continue under this project. Two more new students will be engaged in
April 20009.

@ Environmental Awareness Education will be continued in the form of talks to School children in Garama,
undergraduate students in UMS and Non-Government organisations. A poster about the conservation status of
the Klias Proboscis Monkey will be designed, printed and distributed to all tour operators based in Garama to
disseminate research findings with the aim to create awareness on the importance of Proboscis Monkey

conservation.
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A regional approach to botanical training

for the next generation
James V. LaFrankie

Asia Tropical Ecology Network, Inc (Philippines)

SUMMARY

The proposed program to train students and staff in the techniques of botanical documentation was highly successful.
All goals with regard to Cat Tien National Park were met, and additionally two other National Parks (Bi Doup National
Park in the Central Highlands, and Nui Chua on the east coast) have requested to join in partnership, and implement a
coordinated program whereby all 3 parks develop documented floristic checklists. These 2 additional Parks sent staff to

Cat Tien to join the program and detailed plans were drawn for full implementation in 2009.

1. SPECIFIC ACCOMPLISHMENTS
(1) Training in family-genus field identification of trees for 15 student/staff participants.
(2) Training in methods of botanical documentation:
* Plant specimen collection and drying
+ Scientific photography of botanically critical features
* Preparation of checklists
+ Development of a local Botanical Database
(3) Initial development of Botanical Documentation for Cat Tien Park
+ Collection of 164 fertile specimens for storage in the ITB herbarium
* Preparation of initial checklist
+ Preparation of initial database of photographs for 112 species.
(4) Planning session:
+ Full implementation planned for 3 parks in southern Vietnam with agreement and coordination among park
directors

+ Development of detailed budget and schedule for full implementation over 18 month schedule.

2. BACKGROUND

This project in Vietnam represents 1/3 of an initial program consisting of 3 training sessions in 3 ASEAN countries. The
specific objective of the overall project is to conduct the basic botanical inventories of biodiversity ‘hotspots’: Cat Tien
National Park in Vietnam, St. Paul National Park in Palawan, Philippines, and 3 National Parks adjacent to Kuching,
Sarawak, Malaysia.

The program will be launched with 3 3-week sessions. The distinction here is that the 3 sessions will be intimately

linked because they will be conducted as botanical training sessions for a new generation of national botanists.
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At each site students and prospective botanists will learn identification skills as they learn to make field collections, to
prepare herbarium specimens, to store label information in a database and compile a local checklist.

The initial plan was to have young botanists from each country work with one another in each site. While this may still
be feasible, it requires a greater range of permits and letters of approval than had been anticipated. The evolving plan then
is to start each national program on its own and link the programs through meetings and the internet.

The output from these sessions will be basic inventory material for 3 biodiversity hotspots including a database
checklist. But the most important outcome will be 15 young scientists well-trained in the identification and preparation of
botanical material.

As the inaugural program, the Vietnam session proved a special success in that 2 National Parks in addition to Cat Tien,
each a critical site in Vietnam as well as the region, asked to join the program, and to develop their own program of
botanical documentation. Following this pattern, we now have 9 sites in 3 countries identified to begin the regional
program.

One other significant addition to the program was the completion of the book by the lead investigator, ‘Trees of Tropical
Asia: An Illustrated Guide to Diversity’. This volume of 700 pages and over 3,500 digital photographs is the first ever
compendium of all families and genera in the ASEAN Tropical Region, providing in a single volume a guide to all the
different kinds of trees a student is likely to encounter. Significantly, the volume is also the first compilation of the families
in accordance with the latest advances in molecular biology and phylogenetics, bringing the arrangement of families into
accord with the most modern view. While the completion of the book necessarily delayed the program’s implementation, it

can now serve as a basic reference in the training sessions as well as a guide to the further development of the checklists.

3. RESULT
(1) Cat Tien National Park
Cat Tien National Park, Vietnam is one of the most important lowland forests remaining in the lower Mekong Basin. It
is one of the last homes for the endangered rhinoceros. The flora is exceeding rich and while many plant lists have been
prepared the collections and other documentation are still very poor. No plant collecting equipment or facilities were
available when we arrived, although many of the staff were very knowledgeable about the forest flora.
Besides its rich flora and fauna, the Park is home to many indigenous people and the site of much anthropological work.
Only five hours from Ho Chi Minh City, the Park is also a major tourist attraction. It has excellent physical facilities

with many buildings, good electricity and cottages and canteens for guests.

(2) Training in field identification of families and genera of trees

The trees of Cat Tien National Park include about 65 families and over 200 genera. Durn our field sessions we learned
how to identify the families and genera of trees based on vegetative (leaf and bark) characters. These are especially
important in tropical forests because many trees flower at supra-annual cycles and only for short periods of time.
Consequently, many species in a particular place will only be known by sterile collections until flowers or fruit are
obtained.

Field sessions consisted of working in different habitats in the park and collecting 50 different trees. Students and staff
made their own personal collections and kept notes on the details by which a family or genus could be recognized. The

pre-print of “Trees of Tropical Asia’ was used as the basic documentary guide.
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(3) Importance of documentation
The distinction between a checklist of names and a documented checklist was explained and demonstrated. The first is
simply a list of names - they might be right or wrong and there is no way to know. “Where did this name come from?”

“Who employed it, and based on what?”” A documented checklist answers those questions with specific information.

Undocumented Checklist: Colona serratifolia
Documented Checklist : Colona floribunda Craib, determined by Do Tan Hoa September 17, 2008, based on specimen
ITB 126; description as follows; see photo6.

(4) Preparation of botanical specimens.
Instructions were given on the proper preparation of botanical specimens. The details include: (1) How to choose and
cut good quality specimens; (2) The different methods for drying specimens; (3) How to preserve specimens in the field;

(4) How to store and preserve specimen in the herbarium.

(5) Role of photographs
In the age of the digital camera, making a record of the form and color of the flower and fruit is both possible and
extremely valuable because, unlike the leaf, these details of reproductive organs are small, fragile, and change greatly

upon drying. The basic techniques of field photography are demonstrated.

(6) Importance of database
100 records scattered in separate fields are of little value. When lists of names, notes, specimens and photographs are
assembled and linked through a database, the entirety becomes extremely valuable. The basic design of an functioning of a

simple database is demonstrated.

(7) Example of A database entry
GENUS: Colona
SPECIES: floribunda
AUTHOR: Craib
CITATION: Fl. Siam. Enum. 189 (1925).
SPECIMENS: ITB Cat Tien National Park 126
FIELD DESCRIPTION: Small tree; 7 cm DBH,
DETERMINATION NOTES, Determined by Do Tan Hoa
September 17, 2008, based on specimen ITB Cat Tien

National Park 126 compared to Ho’s Flora of Vietnam.

Photo6 Colona (Floribunda)

(8) Nui Chua National Park

Nui Chua National Park does not present the most spectacular forests of Vietnam’s because it is in the driest area of the
country, and one of the driest in all of Tropical Asia. But especially because of the dry climate and the proximity of the
ocean, the forests here include some of the most rare and threatened plants in Vietnam.

Although the Park includes well protected forest on the ocean facing slopes, all of the surrounding land has been cleared
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and is badly degraded by invasive species. Much of the land is stripped of all vegetation.
The Park Director, Mr. Kia, warmly welcomed the ITB staff and University students and requested for one of his staff to

join the training program. Also, plans were developed for a formal documentation of the Park Flora.

Photo7 Dr. LaFrankie delivering field lecture Photo8 Course in Botanical Documentation with big
Tetrameles

Photo9 Course in Botanical Documentation prerparing specimens

(9) Bi Doup National Park

Bi Doup National Park outside the city of Dalat in the Central Highlands of Vietnam is one of the most important
refuges for the mountain plants and animals of Mainland Southeast Asia. It is still a very large and undisturbed area that
includes hundreds of species threatened elsewhere, and many new to science.

The Park Director spent a day with Mr. Vinh, D. LaFrankie and the group in showing us the Park. He assigned one of
his staff to join the training program and welcomed a full implementation of the botanical documentation program to be

led by the Institute of Tropical Biology.
(10) Planning for full implementation
The plan for a full botanical documentation of the 3 National Parks, integrated and shared among the three, was the idea

of Mr. Vinh of ITB. The proposed program will have the following features:
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The requirements are for 2 full-time staff to serve as collectors and photographers for 18 months.

The program will be led by ITB.

The individual Parks will sponsor and carry out the collecting program with all necessary permissions to be obtained by
the National Park Directors.

Dr. LaFrankie will conduct the necessary further training offer further assistance in specimen preparation, identification,
photography and database development.

Specimens will be stored at the herbarium at ITB, although efforts will be made to develop on-site facilities for storage
of demonstration specimens.

The written details of the documentation will be stored in a database and shared via the internet among the 3 sites, and

thus available for all people of Vietnam and the world.
Dr. LaFrankie will aid the fund raising efforts of the National Park Directors and ITB with a goal of starting work in 2009.

/

Photol0 Nui Cha Natinal Park, central east of Vietnam, Photoll Deforested land on the western side of Nui
looking from the ocean's edge to ward the virgin Cha National Park, stripped and used for
forests, one of the driest forest in Tropical Asia drying ocean salt

Photo12 Bi Doup National Park Headquarters, meeting
with Mr.Vinh, Dr. LaFrankie and Park Director
and visiting scientists

Photo13 Bi Doup National Park, Dr. LaFrankie, Mr.Vinh
and Park Director visit the site of rare Pinus
kempfii
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Photo14 Photol5 Grewia(Malvaceae)

Photol6 Eunymus (Celasrtraceae) Photol7 Viburnum (Adoxaceae)

Photol8 Medinillia (Melastomataceae) Photo19 Exbucklandia (Hamemelidaceae)
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Photo21  Syzygium (Myrtaceae) Photo22 Uvaria (Annonaceae)
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Structure, dynamics and conservation strategies of the remnant evergreen

broad-leaved forests in Chongqing metropolis, China

Yongchuan Yang"

SUMMARY

The remnant natural evergreen broad-leaved forests (EBLFs) on Mt. Gele (GL), Mt. Tieshanping (TSP) and Mt. Jinyun
(JY) at differnt sites from inner city to outskirts, in Chongqing metropolis, Southwest China were studied with reference to
species composition, biodiversity, population structure and dynamics, and the effectts on the restoration of artificial pine
forests. The remnant EBLFs at the three sites displayed a gradient of disturbance of the community structure; JY being
least disturbed and GL most disturbed. The 2 endpoints of the disturbance gradient showed higher biodiversity, with richer
heliophytes, including invasive horticultural species, in the inner city, and shade-tolerant species in the distant outskirts.
The growth in height of the canopy species was restricted along an inverse gradient from outskirts to inner city.
Differences in life history strategies were also exhibited, including stump sprouting of Castanopsis carlesii var. spinusa,
the signature tree of remnant EBLFs.

Seeds from the remnant EBLF naturally facilitate the restoration process of artificial Pinus massoniana forests near it on
TSP. The biodiversity index and similarity of species composition decreased between the artificial Pinus massoniana
forests and the remnant EBLF as the distance increased. Castanopsis carlesii var. spinusa was the dominant species in the
ground vegetation, shrub layer and sub-tree layer of the Pinus massoniana forests near the remnant EBLF. However, the
natural restoration processes of those farther away from the remnant EBLF were restricted for the absence of seed source

of the inherent components of the EBLF.

1. INTRODUCTION

Urbanization is a global phenomenon. Cities are growing in number, size, and population throughout the world,
particularly in developing countries (United Nations 2004, McKinney 2006). Climate, soils, hydrology, disturbance
regime, and land management practices are all strongly affected by urbanization. In turn, changes in these environmental
factors profoundly affect urban biodiversity (Sukopp 2004). Urbanization is a huge challenge to the conservation of
biodiversity and has therefore become a hot topic of concern (McKinney 2002, Chocholou-kova and Py-ek 2003, Sukopp,
2004, McKinney 2006).

Patches of remnant natural vegetation in urban areas are significant components of biodiversity and provide habitats for
both vertebrate and invertebrate animals. In addition to these biological values, urban patches of native vegetation hold
social values. They provide educational resources for the display of natural communities that previously covered the
landscape (Willison 1996), and in this way they represent an historical phase in the development of urban land uses
(Maurer et al. 2000, Stenhouse 2004). Natural patches of vegetation also provide opportunities for monitoring
environmental changes, and act as nuclei from which native plants and animals can recolonize urban environments
(Stenhouse 2004, Murakami et al. 2005, Yang et al. 2007).

1) Key Lab of Three Gorges Reservoir Region’s Eco-Environment (Ministry of Education)/ Faculty of Urban Construction and
Environmental Engineering, Chongqing University, Chongqing 400045, China
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Hydro-electric development on the Changjiang (Yangtze River) at the Three Gorges’ Project led to the creation of the
Municipality of Chongqing in 1997. The Municipality of Chongging is predominantly rural, having a total area of
82,400km?. Within this municipality there are many towns and cities, of which the largest is Chongging metropolis (also
called urban area of Chongging). In 2008 the metropolitan area covered 5,473km’. As a result of central planning
associated with the Three Gorges’ Project, Chongqing metropolis has experienced intense urban development since 1997.
The built-up area of the city was 300km? in 1996, but had grown to more than 700km* by 2006, and it will reach more
than 2,500km? by 2020 according to the urban planning (Yang et al. 2007).

Chongqing metropolis is often described as “the mountain city”. It lies across 4 parallel mountain folds and includes
many small hills. These upland areas provide habitats for forest vegetation. Locally-specific types of evergreen
broad-leaved forests (EBLFs) are the characteristic climax vegetation, but these natural forests have been damaged
severely by urban expansion, and only a few patches remain around the tops of the mountains. EBLFs are landscape and
vegetation types that are special to East Asia, and those of sub-tropical China are particularly notable. Located in the
center of sub-tropical China, Chongqing metropolis and its surrounding areas lie at the core of the regions in which EBLFs
are distributed. Of further significance, the EBLFs in Chonggqing metropolis are a unique formation in the classification
system of the EBLFs of China. The dominant signature species, Castanopsis carlesii var. spinusa is found only in a narrow
range (Zhen 1985, Song 2004). To preserve those patches and make use of them for the restoration of the surrounding
artificially pure forests and the secondary forests, especially the pine forests affected by pine wilt disease, it’s exigent to
record their current status, predict their dynamics and work out special conservation strategies to preserve them from the
pressure from the rapid urbanization. Otherwise, they are excellent subjects for research on the ecological effects of
urbanization because the mountains have experienced different urbanization impacts and thereby provide indicators of an
urban-rural gradient. So, the research presented in this report focuses on the remnant EBLFs on Mt. Gele, Mt. Tieshanping
and Mt. Jinyun along an urbanization gradient from the inner city to outskirt and mainly aims at community characteristics,

dynamic processes, impacts of urbanization and the seed source effects.

2. STUDY SITES

Remnant patches of natural EBLFs in Chongqing metropolis remain only on Mt. Gele (GL, N29°34°, E106°25°), Mt.
Tieshanping (TSP, N29°37°, E106°41°) and Mt. Jinyun (JY, N29°50°, E106°22°) (Figl). These three mountains are parts of
the four unusual mountain folds that are characteristic of the physical geography of Chongqing. Temperatures and
precipitation on these mountains are suitable for the development of EBLFs. Heights of the mountains are listed in Tablel
along with summary climate data from the nearest meteorological stations (Table1). Climate data for the mountain tops
themselves are not available.

GL is a national forest park in the inner city that is widely used for recreation such as hiking and strolling. It is only 3km
away from Shapingba, the second largest business district of the metropolis. The natural vegetation of GL has been
damaged significantly by three intense sets of disturbances that have taken place since the 1930’s: construction of the chief
officers’ villa during the Provisional Capital period from 1937 to 1946; selective cutting of big trees in the 1950s during a
period of primary industrial development, and construction and use of a sports establishment from 2002 to the present.
Consequently, there are only 5 small remnant patches of EBLFs scattered near the peak, each with an area of about 400m>.

TSP is a national forest park located at the boundary between the inner city and the urban fringe, lying 27km from the
urban core of the metropolis. There is only 1 remnant patch of EBLF at TSP, having an area of about 3,000m’ on the flat

crest of the mountain. The patch may have been preserved for geomantic reasons (i.e. for spiritual reasons related to
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geography that are of special significance in China; usually transliterated as ‘fengshui’) in view of the presence of a grand
tomb within it. Up until 20 years ago the residents of nearby villages cut only small trees or the branches of big trees for
use as fuel. Since then, cutting has diminished due to improved economic conditions. Farmland tourism has been
flourishing since the late 1990’s and many visitors from the inner city come to spend their weekends at the farmland hotels
near the remnant EBLF patch.

JY, located at the boundary between urban fringe and rural area, is a national nature reserve created in 2001 to protect
the extensive subtropical forests on its slopes and peak. It is the highest of the 3 mountains and is 60km from the urban
core of Chongqing metropolis. About 200 years ago a severe fire burned almost all the forest at JY. This severe disturbance

took place when local wealthy people constructed fortresses

to try to evade the persecutions of followers of the Bailian
Religion. In the 1950’s many EBLFs on the mountain were
converted to plantations of Phyllostachys heterocycla and
Cunninghamia lanceolata for economic reasons. The
remnant EBLFs remain on the upper slopes of the mountain
and in steep valleys that are difficult to reach.

On GL, the remnant patches of natural EBLFs are
surrounded by artificial Pinus mossoniana forests and
constructions, and on TSP, those patches are surrounded by
artificial ~ Pinus  mossoniana  forests,  Phyllostachys
heterocycla forests and roads for tourism, while on JY, they
are surrounded by artificial Phyllostachys heterocycla forests

and Cunninghamia lanceolata forests .

[ Tnnercity

[ ] Urban fringe
0 4 8km
L 1 1

Figl The location of the study sites

Tablel Environmental characteristics of the study sites, GL, TSP and JY
* The climate data for each site are from the nearest meteorological stations: Shapingba, Yubei and Beibei,

respectively. GL: Mt. Gele; TSP: Mt.Tieshanping; JY: Mt. Jinyun.

Study Site GL TSP Y
Altitude of the peak (m) 680.3 583.3 951.5
Mean annual temperature (°C)* 18.3 17.1 18.3
Monthly mean temperature for July (°C ) 28.6 273 28.7
Monthly mean temperature for January (°C) 7.5 6.2 74
Warm index (°C .month) 160.1 144.6 159.7
Mean annual precipitation (mm) 1079.4 1159.3 11054
Mean foggy days (d/a) 57.2 40 16.4
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3. RESEARCH METHODS
(1) Field surveys

Field surveys were carried out in 2007 and 2008. For the remnant EBLFs, 5 plots, each of 400m’ were set up and were
divided into 4 meshes of 100m” (10mx10m) for each site. To study the effects of the remnant EBLFs on the restoration of
the surrounding pine forests, another 9 plots were set up surrounding the remnant EBLF on TSP with each three plots as a
group and the intervals were 50m, 250m and 500m, and the size of each plot at different interval was 20mx20m (50m,
divided into 4 meshes of 10mx10m), 10mx10m (250m) and 10mx10m (500m) for the difference of structure of the forests.
An inventory was carried out for all individual trees taller than 1.5m (woody vegetation). The species name, its vital status
(living or dead), diameter at breast height (DBH in cm, including all the stump sprouts), and tree height (H, in m) were
recorded. Meanwhile, the maximal natural height (cm) and the ground cover (%) for each vascular plant species less than

1.5m in height (ground vegetation) were measured.

(2) Data analysis

All species were categorized into 8 life-forms based on the life-form system of Vegetation in China (Wu 1980), namely:
evergreen conifers, evergreen broad-leaved trees, evergreen broad-leaved subtrees and shrubs, deciduous broad-leaved
trees, deciduous broad-leaved subtrees and shrubs, lianas, perennial herbs, and annual herbs. Additionally, 2 groups:
unique species and common species were distinguished for remnant EBLFs according to their distribution. Species
recorded at just 1 site were defined as unique species and those at more than 1 site were defined as common species.

The presence-absence data for woody vegetation and ground vegetation of each plot were combined and classified by
two-way analysis using TWINSPAN (Hill 1979).

The relative dominance of the species of woody vegetation was expressed as the relative basal area (RBA, %) obtained
by calculating the relative proportion of each woody species’ basal area (BA) from DBH data of all the individual trees of
each species. The relative dominance of ground vegetation was estimated by measuring the relative volume
equivalent-value (RVEV, %), which is the relative proportion of the volume equivalent-value of each species obtained by
multiplying the maximal plant height and coverage (%) in each plot. Dominant species were identified by dominance
analysis (Ohsawa 1984). The diversity indices were calculated using Shannon-Wiener index (H’), Evenness index (J°)
(Pielou 1969) and Gleason index (Ma, et al. 1995) for each plot.

For the scaling of tree dimensions, the expanded allometry equation was used to describe the relationship between DBH
and tree height and to obtain an estimate of the potential tree height (Ogawa 1969). The equation was applied both to all
the individuals as a whole in each plot and to the characteristic species, Castanopsis carlesii var. spinusa, at each site for
EBLFs.

4. RESULTS
(1) Species composition of remnant EBLFS

In the 15 plots on the three sites, a total of 141 vascular plant species from 64 families were recorded. In order of the
number of species per family, they were mainly Theaceae (12spp.) and Lauraceae (8spp.), followed by Symplocaceae,
Myrsinaceae, Gramineae, Liliaceae, Rosaceae, Fagaceae, Aquifoliaceae, and others represented by fewer species.
Theaceae, Lauraceae and Myrsinaceae were among the most numerous families at all three sites (Table2).

The total number of species was 93, 58 and 76 for GL, TSP and JY, respectively. However, the numbers of unique

species were 39, 16, and 25 for the three sites, and the corresponding numbers of common species were 54, 32, and 51.
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The life-form composition of the species at the three sites is shown in Fig2. The number of species of evergreen trees
(EBT and EBSS, see Fig2) on GL was the smallest among the three sites. By contrast, the number of deciduous tree
species (DBT and DBSS, see Fig2) decreased from GL to JY, the trend of DBSS being more obvious. The number of PH
on GL was the largest among the three sites and AH only appeared on GL. Most unique species of GL were deciduous
trees and herbs (PH and AH), while the unique species of TSP and JY were evergreen trees (EBT and EBSS). Nine out of
39 unique species on GL were escaped horticultural ornamentals; by contrast, none of the unique species on TSP and JY
were escapes.

TWINSPAN classification clearly distinguished three community types A, B, and C at the division level 2 (Fig3),
coinciding with the three sites, GL, TSP and JY. JY was the most different of the three sites, while GL and TSP were closer
in species composition. The similarity of species composition decreased, from GL to JY.

In the 15 plots at the three sites, a total of 10 species dominated the woody vegetation and 39 species dominated ground
vegetation at least once. The number of dominant species of ground vegetation was always larger than that of woody
vegetation at the same site. Among the three sites, the number of dominant species of woody vegetation at JY was
significantly higher than at the other two sites (P < 0.05). The numbers of species of ground vegetation displayed an
increasing trend from GL to JY, although the trend was not statistically significant according to Tukey’s Post Hoc HSD test
(Figd).

At the site level, 5 species dominated the woody vegetation and 19 species dominated the ground vegetation in at least 1
site (Table3). The number of dominant species of woody vegetation of GL, TSP and JY were 3, 1 and 3, respectively.
Castanopsis carlesii var. spinusa was the sole species that dominated at all three sites, while the other dominants were
different: Pinus massoniana and Cinnamomum camphora at GL, Machilus pingii and Castanopsis fargesii at JY. Compared
with the woody layer, the numbers of dominant species of ground vegetation of GL, TSP and JY were far larger, being 7, 9
and 9, respectively. TSP and JY were dominated by quite similar life-forms, but notably, dwarf bamboo, Pseudosasa
victorialis and planted non-indigenous species, Schima superba dominated at TSP, while GL revealed a lack of evergreen

broad-leaved trees and lianas.

Table2 Constituent species of those plant families that contain more than 4 species in the remnant evergreen
broad-leaved forests, as a whole and by site
Numbers indicate the number of plant species and their rank as a whole and at each site. GL: Mt. Gele; TSP:

Mt.Tieshanping; JY: Mt. Jinyun.

Family Whole GL TSP Y
Theaceae 12/1 6/1 8/1 6/2
Lauraceae 8/2 5/2 4/2 71
Myrsinaceae 6/3 4/4 42 4/3
Symplocaceae 6/3 2/14 4/2 3/4
Gramineae 6/3 5/2 4/2 1/16
Liliaceae 5/6 4/4 1/13 2/7
Rosaceae 516 4/4 1/13 3/4
Fagaceae 4/8 37 2/6 2/7
Aquifoliaceac 4/8 1/22 2/6 3/4
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Table3 Frequency of species that dominated in at least 1 site
The numbers indicate the numbers of plots in which each species was dominant and the numbers of plots in
which each species occurred (i.e. frequency of dominance/frequency of occurrence). 3¢ planted species.
* dominated in the site. GL: Mt. Gele; TSP: Mt.Tieshanping; JY: Mt. Jinyun.

. . GL TSP Y Total
Domunant species
n=5 n=5 n=5 n=15
Woody vegetation
Conifer trees
Pinus massoniana 2/5% 1/3 22 5/10
Evergreen broad-leaved trees
Cinnamomum camphora 2/5% -/- -/- 2/5
Castanopsis carlesii var. spinusa 5/5% 5/5% 4/5% 14/15
Machilus piigii -1 -/- 5/5% 5/6
Castanopsis fargesii -/- -/- 5/5% 5/5
Ground vegetation
Evergreen broad-leaved trees
Castanopsis carlesii var. spinusa -/5 4/5% 4/5% 8/15
Schima superba™ -/- 4/5% -/- 4/5
Castanopsis fargesii -/- -/- 3/5% 3/5
Evergreen broad-leaved subtrees and shrubs
Stranvaesia tomentosa 3/5% -/- 2/4 5/9
Camellia rosthorniana 1/5% -/- -2 1/7
Maesa japonica 2/4% -/5 4/5% 6/14
Ardisia brevicaulis 2/3% -/- 4/5% 6/8
Pseudosasa victorialis 11 5/5% -/ 6/6
Symplocos botryantha -/- 2/4% -/- 2/4
Antidesma japonica -/- 2/4% -/- 2/4
Lianas
Smilax china -5 3/5% 3/5% 6/15
Heterosmilax chinensis -/- 2/5% -/- 2/5
Perennial herbs
Iris japonica 3/5% -/- -1 3/6
Dryopteris erythrosora 3/5% -/5 3/4% 6/14
Woodwardia japonica 5/5% -/3 2/5% 7/13
Lophatherum gracile 1/5 2/5% 1/4 4/14
Dicranopteris pedata 2/5 2/4% -1 4/10
Arachniodes chinensie 2/4 -/- 3/4% 5/8
Diplopterygium glaucum -4 -/- 2/3% 2/7
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(2) Biodiversity characteristics of EBLFs

For woody vegetation, TSP had the lowest species richness, Shannon Weiner’s index and Pielou’s index among the
three sites. Species richness and Shannon Wiener’s index of TSP were significantly lower than those of GL and JY (P <
0.5). Between GL and JY, the former had the higher species richness, but its Shannon Weiner’s index and Pielou’s index
were significantly lower than those of the latter. For ground vegetation, the species richness of TSP was significantly lower
than those of the other 2 sites (P < 0.5), while Shannon Weiner’s and Pielou’s indices were almost the same among the
three sites (Fig5).

The dominance-diversity curves for all the plots at the three sites clearly indicated some differences in the allotments of
relative dominance among the various species (Fig6). For woody vegetation, the TSP plots exhibited steep geometric
curves because there are relatively few species, and most have a relatively low level of dominance. However, the other 2
sites (GL and JY) have dominance-diversity curves that approach the typical log-normal type. JY had somewhat more
species with a larger relative dominance, and so the curves decay with respect to dominance less quickly initially than
those of GL and TSP. For ground vegetation, all the dominance-diversity curves tended towards log-normal form and

showed fairly similar allotments of relative dominance.
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Fig5 Biodiversity index of the three sites

Means + SE (n = 5) that have the same letter are not significantly different using Tukey’s Post Hoc HSD tests
(P < 0.05). GL: Mt. Gele; TSP: Mt.Tieshanping; JY: Mt. Jinyun.
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(3) Stand structure of EBLFs

As seen in Fig7, the stem density of GL was found to be significantly larger than those of the other 2 sites (P < 0.5), with
the differences in sprouting stems contributing much to the differences among the three sites. Estimates of basal areas
(BA) revealed no significant differences among the three sites, although JY appeared to have the largest trees as shown by
significantly greater maximum DBH. With respect to stratum structures, the maximal height and potential height increased
significantly (P < 0.5) from GL to TSP and JY.

The DBH size-class distribution pattern of all stems at TSP was quite different from that at the other 2 sites (Fig8). As
the size class increased, the number of stems decreased gradually in GL and JY, while stems from 5 to 20cm were
relatively rare in TSP. Similarly, TSP was abnormal in having an excess of 30cm stems relative to their neighboring size
classes. In addition, the three sites showed obvious differences in the number of saplings (DBH < 5¢m), with the largest
number at GL and the smallest at JY. Sproutings were concentrated in small size classes at the three sites, the number
decreasing from GL to TSP and JY. Larger trees, with DBH>35cm, were more prevalent at JY and the only trees with
DBH in the 60cm size class were found there.

As the most dominant species and main component of the canopy at the three sites, Castanopsis carlesii var. spinusa
controlled the structure of the communities. As seen in Fig9, the height of individuals having the same DBH increased
from GL to TSP and JY, most notably with respect to larger individuals. On GL, growth in height relative to DBH appears
to have been suppressed in trees with larger DBH. The trees at JY showed less scatter with respect to height in relation to

DBH, suggesting that the environment is more uniform and less stressful than at the other two sites.
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Among the dominant species of evergreen broad-leaved trees, Castanopsis carlesii var. spinusa, Cinnamormum
camphora, Machilus pingii, Elaeocarpus sylvestris and C. fargesii all showed inverse-J shaped or sporadic distribution with
large numbers of small stems as indicated by DBH (Fig10), displaying regeneration by means of seedlings and sproutings.
Although the modes of the DBH of the conifer Pinus massoniana at GL and TSP were unimodal, however, there was
evidence of regeneration in the form of small stems at GL, suggesting changes of forest environment not so long ago.

Sprouting stems of Castanopsis carlesii var. spinusa decreased in number and proportion from GL to TSP and JY (Fig10).
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Fig8 DBH class frequency distribution of the whole stems at the three sites
GL: Mt. Gele; TSP: Mt.Tieshanping; JY: Mt. Jinyun.
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Fig9 Scaling of tree height and DBH for the dominant species, Castanopsis carlesii var. spinusa at the three sites

The curves were drawn by using the expanded allometric equation of Ogawa (1969). GL: Mt. Gele; TSP:
Mt.Tieshanping; JY: Mt. Jinyun.
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(4) Biodiversity and stand structure of Pinus massoniana forests

TWINSPAN classification clearly distinguished four community types A, B, C and D at the division level 2, coinciding
with the distance to the remnant EBLF (Fig11). The remnant EBLF and Pinus massoniana forests closest to it were closer
in species composition, while the latter farther away were similar. The similarity of species composition decreased as the
distance increased (Table4).

For woody vegetation and ground vegetation, species richness (Gleason index), Shannon Weiner’s index and Pielou’s
index, almost all showed the trend increasing from the farthest group to the closest to the remnant EBLF. All indices
weren’t significantly different between the remnant EBLF and its nearest Pinus massoniana forests. By contrast, all indices
for the woody vegetation showed significant difference between the Pinus massoniana forests farthest and closest to the
remnant EBLF.

At the group level, only 1 species, Pinus massoniana, dominated the woody vegetation and 17 species dominated the
ground vegetation in at least 1 group of Pinus massoniana forests (Table5). The remnant EBLF and its nearest Pinus
massoniana forests shared some dominant species for ground vegetation, notably Castanopsis carlesii var. spinusa was one
of the main dominate species of the latter. However, 2 groups farther away dominated by quite similar life-forms and
species, especially perennial herbs, such as Miscanthus sinensis, Pteridium aquilinum, Dicranopteris pedata etc.

The height frequency distribution pattern of all trees of the group of Pinus massoniana forests closest to the remnant
EBLF was quite different from those farther away (Figl3). Castanopsis carlesii var. spinusa and other evergreen trees
were the main components of the stratum under the canopy layer and Castanopsis carlesii var. spinusa formed the sub-tree
layer for the group closest to the remnant EBLF, while deciduous trees were the main components of the other 2 groups.
As the distance to the remnant EBLF increased, the number of evergreen trees decreased, on the contrary, that of

deciduous trees increased.

Figll TWINSPAN classification of community

types for the 9 plots of Pinus massoniana

|_—| I__l forests and 5 plots of remnant evergreen
Community type A B c D broad-leaved forest on Mt.Tieshanping
No. of plots 4 4 3 3
51 500m 0 0 0 3
52 250m 0 0 3 0
S3 50m 0 3 0 0
S4 EBLF 4 1 0 0

Table4 Jaccard’s coefficients of similarity among the groups of plots of Pinus massoniana forests and remnant

evergreen broad-leaved forests on TSP

Group of plots 500m 250m 50m EBLF
S1 S2 S3 S4
S1 1
s2 0.48 1
S3 0.32 0.52 1
S4 0.26 0.44 0.65 1
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Table5 Frequency of species that dominated at least once for Pinus massoniana forests and remnant evergreen
broad-leaved forest at group level
The numbers indicate the numbers of plots in which each species was dominant and the numbers of plots in
which each species occurred (i.e. frequency of dominant/frequency of occurrence). Encircled number

indicates the sequence of the dominate species for each group of plots. 3¢ planted species.

500m  250m 50m EBLF
Dominant species 51 s2 S3 54

n=3 n=3 =3 =5

Woody vegetation
Conifer trees

Pinus massoniana 33m 330 330 13
Evergreen broad-leaved trees

Castanopsis carlesii var. spinusa - -3 1/3 55@
Ground vegetation

Evergreen broad-leaved trees

Elaeocarpus sylvesiris - -3 -3 2/4®
Pruynus spinulosa /- -/- ia 1

Schima superba” - - 2I@ 450
Castanopsis carlesii var. spinusa /- -/- 333 450

Evergreen broad-leaved subtrees and shrubs

Loropetalum chinense 12 23 - -/-
Myrsine afficana -3 13@ -3 -4
Aidia cochinchinensis /- -I- 230 /5
Maesa japonica /- -/- 1203 175
Ardisia japonica -f- -1 12 1/5
Pseudosasa victorialis - -~ -~ 5/5@
Antidesma japonica /- -/- /- 2/4®
Lianas
Smilax china -3 -3 230 356
Heterosmilax chinensis -~ -1 230 253
Perennial herbs
Miscantinis sinensis 33@  33@ -3 -3
Preridium aquilinum 220 13@ -1 -1
Dicranopieris pedata 333 230 22® 243
Woodwardia japonica -1 -13 330 -3
Lophatherum gracile - -2 233® 250
Dryaopteris ervthrosora /- -2 23® 15
Dryopteris decipiens - -~ 13@ -
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5. DISCUSSION
(1) Floristic composition characteristics and biodiversity of remnant EBLFS

Different intensities of disturbance and processes of fragmentation have led to differences in species composition and
diversity of the remnant EBLFs patches at the three sites examined. Nevertheless, these plant communities have retained
the essential floristic composition that is characteristic of the EBLFs of mid-subtropical China, having trees of Theaceae,
Lauraceae, Symplocaceae and other characteristic families as their main components (Song 2004, Yang et al. 2007). The
species composition of JY most closely resembled that of an unmodified primary EBLF, while the species composition of
GL was least similar. This is probably because fragmentation of the remnant patches at GL has led to local extinctions as
well as colonization by invading species, such as horticultural ornamentals, leading to a higher occurrence of unique
species (Grashof-Bokdam 1997, Kitazawa and Ohsawa 2002). As shown in Fig2, most of the unique species of JY and
TSP are evergreen trees, while those of GL are deciduous trees and herbs, suggesting a trend of decreasing richness of
shade-tolerant species and increasing richness of heliophytes. As forest fragmentation has progressively increased, it
appears that the area of the patches has gradually decreased, interior forest environments have been lost, and the smallest
patches have become wholly forest edges (Murcia 1995). We conclude therefore that the series JY, TSP, GL represents 3
steps in a gradient of forest disturbance which probably results from the effects of urbanization.

Forest edges are dynamic environments. These boundaries play significant ecological roles as transition zones between
different habitats (Murcia 1995, Fry and Sarlov-Herlin 1997, Fujihara et al. 2005) and are easily invaded by
light-demanding species such as deciduous trees and annual herbs (Fujihara et al. 2002, McKinney 2006). In addition to
boundary effects themselves, the biodiversity of fragmented forests are also affected by the characters of the surrounding
ecosystems. Urban habitats are a mosaic of land uses with varying extents of disturbance in time and space, leading to
diversity of habitats and biotic communities (Sukopp 2004, McKinney 2006). Such habitats are seed sources for those
deciduous trees and ruderals that rely on disturbance to sustain their populations (Luken 1997). Many studies have found
that the number or proportion of escapes from cultivation tends to increase along the rural-urban gradient (McKinney
2002, Sukopp 2004), as was found for GL in this study.

Among the three sites, GL and JY are the extremity of disturbances with TSP in the intermediate. But the plant diversity
are umbilicate and that doesn’t support the intermediate disturbance hypothesis that suggests the number of species in
relation to impacts has been hypothesized to be highest at intermediate levels of disturbance and lowest under conditions
of both high and low disturbances (Connell 1979). GL have many heliophytes while JY support more inherent
components of zonal vegetation. On the contrary, inherent components of zonal vegetation and heliophytes are both less
on TSP. In fact, the intermediate disturbance hypothesis maybe is less valid in the urban area. In other words, only the
natives support the general theory (Sukopp 2004). So, dividing the species reveals 2 contrary trends: the highest numbers
of inherent components of zonal vegetation are found in lowly influenced vegetation and maximal species diversity in

heliophytes, however, exists in vegetation obviously more strongly by human influences.

(2) Stand structure and regeneration dynamics of remnant EBLFs

Regarding the structural characteristics of the stands (stem density, BA, maximal DBH and height), only height varied
remarkably (Fig7). The decreasing height from JY to GL indicates that the growth of trees is progressively restricted from
the urban outskirts to the inner city. The same restriction holds for the characteristic species Castanopsis carlesii var.
spinusa (Fig9). Among the possible causes for this pattern is the local climate and atmospheric quality. As shown in Table

1, there were 57.2, 40 and 16.4 foggy days near GL, TSP and JY, respectively. For the year 2005, the Chongging Center of
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Environmental Monitoring and the Chongqing Bureau of Environmental Protection reported similar gradients of air
pollution (SO, was 0.084, 0.049, and 0.047mg/m3 ; NO, was 0.047, 0.031and 0.030mg/m3 near GL, TSP and JY
respectively). It has been reported in many studies that acid rain has caused decline of forests in Europe, North America
and South China (Tomlinson 1983, Feng 2000, Zhao et al. 2002). Acid rain and acid fog, particularly the latter, directly
affect the forest canopy, causing canopy die-back and loss of height (Hileman 1983, Bredemeier 1988, Zhao et al. 2002).
The data for height in relation to DBH for Castanopsis carlesii var. spinusa indicates that this signature species is also
affected (Fig9). Forest fragmentation also opens the forest to wind disturbance, thereby adding to the damage (Laurance et
al. 2002). Further investigations and experiments are therefore required in order for the loss of tree height and its potential
impacts on seeds production to be fully understood and suitable forest management measures put in place.

Sprouting is a common response among broad-leaved trees to disturbance, and disturbance frequency and severity are
important determinants of the relative frequency of sprouting at a community level (Bellingham et al. 1994, Bond and
Midgley 2001). As shown in Fig7, GL had the largest number of sproutings and appears to be the most disturbed of the
three sites. Sprouting is an important survival strategy (Bellingham 2000) and is common for most Castanopsis species
(Miura and Yamamoto 2003, Nanami et al. 2004, Yang et al. 2007). This is specially true for Castanopsis carlesii var.
spinusa, as shown by the many previous big trees of this species on GL which have lost their canopies and have responded
by sprouting from their stumps (Fig9 and Figl10). Once the main stem dies, the tree can survive for a while by means of

this sprouting behavior and the population can be maintained.

(3) Implications for conservation of remnant EBLFs

As a typical subtropical mountainous region, the location of Chongqing metropolis would have been covered by EBLFs
before human settlement began, but most of the natural forests have now been converted to other semi-natural or artificial
landscape types (Yang et al. 2007). The remnant EBLFs are therefore rare indicators and representatives of this regional
natural feature, being relicts of historical and botanical heritage (Maurer et al. 2000). Stenhouse (2004) concluded that
remnant patches of natural vegetation are important both for preserving the vegetation communities that once existed in
the area and also for their value to city residents as areas of natural beauty and recreation. Urban people should experience
not only man-made parks but also value and appreciate natural areas that are characteristic of their own region (Willison
1996, Maurer et al. 2000, McKinney 2006).

Larger patches of remnant natural vegetation play important roles in the maintenance of regional biodiversity. They are
the core areas of biodiversity in the urban environment and many of the species in the remnant communities are plants that
adapt poorly to urban conditions (Oshawa and Da 1987, Yang et al. 2007). Functionally, the populations of these species in
remnant communities are seed sources for restoration of degraded vegetation at the local scale. There are 3 means by
which this can occur. Seeds from the remnant EBLFs can naturally facilitate the restoration process of degraded vegetation
near them (Ito et al. 2003, Yang et al. 2007). As the research we conducted on TSP, the biodiversity index and similarity of
species composition decreased between the artificial Pinus massoniana forests and the remnant EBLF as the distance
increased (Figl1, Figl2, and Table4). The climax species, Castanopsis carlesii var. spinusa, was the dominant species for
the ground vegetation, shrub layer and sub-tree layer of the Pinus massoniana forests close to the remnant EBLF. However,
the natural restoration processes of those farther away from the remnant EBLF were restricted for the absence of seed
source of the inherent components of the EBLF (Figl3 and Table5), for most of the evergreen trees have lower dispersal
capacity and they depend on dispersal by animals with small home ranges and use corridors, or on wind-dispersal of seeds

with lower dispersal distances (Yang et al. 2005), and that suggest it’s hard to restore evergreen broad-leaved forests
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themselves spontaneously once they are destroyed. Secondarily, seeds of the remnant EBLFs can be collected for artificial
restoration. For artificial restoration of semi-natural plant communities, it is preferable to obtain seeds from local sources
given the higher probability that these will be genetically adapted to local conditions. Finally, the remnant EBLFs are the
sound model for the rebuilding of local vegetation following close-to-nature’ or ‘back-to-nature’ approaches (Gamborg
and Larsen 2003, Miyawaki 2004). The essential of those approaches is to restore natural vegetation of combined native
species in accordance with the potential abilities of the habitat, and to try to restore the whole ecosystem specific to a
region (Miyawaki 1992). Accordingly, the structures and systems of indigenous forests are the foundation. Many cases by
those approaches have been conducted worldwide, such as in Japan, China, South-east Asia, Europe, Australia, and South
America (Miyawaki 2004, Da ef al. 2004).

6. CONSERVATION STRATEGIES OF REMNANT EBLFs

As the crowns of many large trees of Castanopsis carlesii var. spinusa, the signature tree of the remnant EBLFs in
Chongqing metropolis, have been damaged on GL (Fig9), sustainable efforts should be taken to improve the
environmental qualities in the inner city, especially the atmosphere quality. Also, as the size of the patches is small (about
400m* each), artificial facilities should be prevented away from the patches and the connective among the patches should
be improved on GL. For the patch on TSP, it’s better to enclose the patch preventing the disturbance form the tourists’
walking and playing in the forest (There are 3 stone tables, some stone chairs and 1 path nearly 1 m wide in the forest) and
it’s urgent to stop the plantation of the non- indigenous species, Schima superba and control the extension of dwarf
bamboo, Pseudosasa victorialis, the most dominant species for the ground vegetation at TSP (Table3 and Table5) and
Phyllostachys heterocycla. For the patches on JY, the natural conditions should be maintained and the number of tourists
should be controlled (more than 340,000 in 2005 to the EBLFs).
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