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Study on vegetation change in the periphery of the Senjogahara Moor in the last 25 years

Monitoring research project for the Senjogahara Moor vegetation
Tukasa Hukusima, Masato Yoshikawa, Atsuko Tanigawa and Haruka Nara
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Vegetation change in the past 25 years of the Senjogahara Moor, in Oku-Nikko, was researched. The actual
vegetation map of whole area of the moor was drawn. In addition, five belt-transects settled at marginal part of the moor,
and 6.3ha permanent study site established in the flooding area of the Sakasa-gawa river were surveyed. Comparing with
1980°s data, forest area has been expanded into the northern part of the moor. In five belt-transects, shrub community
bounded the moor declined remarkably by grazing of deers. In the site of flooded area, Malus sieboldii forest has been

expanded to the moor, and Betula platyphylia var. japonica and Larix leptolepis increased with decreasing supply of
alluvial deposits.
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Conservational research of the endemic Otton frog (Rana(Babina) subaspera) on
Amami-Oshima Island

Amami Amphibian Research Group
Yuya Watari, Noriko Iwai, Shohei Oumi and Takashi Kagaya
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Otton frog is an endangered species endemic to Amami islands, Japan. We conducted a conservational research on

this species to complement the critical lack in the knowledge of its biology. The resuits of our surveys were as follows; 1)

Distribution: We showed the frequency of occurrence of Otton frog in island-wide areas. Relative density was extremely

low in central area where mongoose has been established for a long period. 2) Dispersion: Dispersal distance of adults

might be quite short. 3) Reproduction: Expanding a reproductive nest by female was observed. For the conservation of

Otton frog, it is necessary to obtain further biological information and public concerns.
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Study on conservation of brackish water environments in Ohashi River, Shimane Prefecture
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MHBRAERE 3 2 1 2
K HH B 4k 23 7 8 7
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FRBIZLY YRV AUF L avnRTHY, *
OEEEITRRTEGREE LS BL Lz, ZoZenr
b, AV T a VEITEEBHOBLWARETH
DILENHEREND, o T, HEREIEETDH
D, FOT—FEERTH LT, KB B
YHOEERANVIERETESZ LD LELLNS,

(3) fBRey LEEREY

SEER SN LRORBER I CRED O b,
AT O&REIX, KEEFT (B 1996, B4E 1996), HHR
BAREESBAZES (WWFY ¥ /30 fnlIE)
1996). BIRE(LEhLLy FF—4 7 v 7 KETERS
200) 2L B Ly RF—#7 v 7 (RDB)IZE#R Sh.,
REEMLBLTIEYE LTHRIMETELE 20N
TWd, ZOHT IV —E2FMNICR L,
QLY RYITUHF LT a7 (WWF VxS T1ER)
AFEDOMEEFIER O EISAIRORE £ 72 13 RE
a3 VEMMFENRTNITAERR#ELEZEZ ON
%, M ODERPHEISLR LIE > TLEMNIZI VE
BEALTNWD2D, AfFEH WWFY v /3 RDB
T (fafR) E&hieBIBIERICH S, BH
(2000) ix, AM~TUNDOF RO I VFIZRBNB L
THrvavREEDY b, 13 VREORENE|L
T ZIZETRINIWERLRZON LYY FY A Y
FriavThsd) LBRTHE,
O=F U FALY(EHRRDB : [{EHRRE))
BARMBREOERFR LUYRKE T, BEREBYR
LEITHREREEICART A7, £RHIIRON
%, RIFREREROBIERL L TEETHS,
@=vR A uT5 Ly (BRRDB: [TEHRRZ))
BRBREOEBEAFRS LUK T, BERBYR
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FTHAMCERT D2, £RHITRON D, BDT
Ron-BRBRICOZERE L, BREFZBRMERED
EEREL LTEETH D,

4. Y2 b D IRBEMICE SARENOKRETME
(1) BK

I E TOFAKCTIBREOEL, FHAIZES
Wasie E 2RV ENER L A BEMHMRE
72 ¥ DEYFHBRNKE LT, RBFIETIRAE
{LZHBAIH L, HAECFIINCAERET S Y= b
U IHOEBARBED N EBREDOE (BIZ,
BBmECEBRIER L) ICHELTEHT I L2F
AL, ¥~ bV IORBEHDNZOEE OHIER
E(REFMEE) 2o WP~ MU IBRERL
FARBRE, TRbbRBIIORBESCEERER Y
DOKBREEITM O HIEFEAE (W) REFFMER) & L
THEINPEPMZOWTRIT D ZEEBME L,
2) Hk

20064E5 A 15 BICKIB/ISBRIADY< b Y 1%
FHpHe L7z (K1), BREICAERT DY~ hov 3
FEEL. KEFOINTBE EOREEEY ST
5 e EBIERREOKE (BEEBE, BORE. K
B72 &) Z2HE Lz,

(3) #R
FICBAEOKET - BLOBRISETREL
Y=< bV I0EHMERT — & 2R LT, Blllta
DOKET — & TIHPHEIGEVTAT AR X OERE
PEVAEHST ECESBE Mo, ZOHHEDE
B F O PINERIREELLEVRETHY,
EARPLABRE LTSI EN D, BFEE
FRITEEICLVERY BV EBREBEN K,
oo ¥ b DI DaNnsBBRERFEICETFERED
EEYZ LT 5, SEORE TIIEFREITY
< M VIDERICHETIRETITR, ans
B 72 B ¥, 995nmol 2> 54,974nmol DEFHIZ H o 7=, L
AL, REBIGEWAERA >V FO-5ika 7 BER
EE4,974nmol & LDFAER A > MIHE~FEL . ¥= b
U INELOBERA PV AEZRLE TV S L HIE
Ehd,

Y bV IBEREEZ 2N BBED LM
T5L, BERBIIRFLHMSN, 72, BH
L 722006555 A 15 B IZRIT 2 K/ FAEH S DKR
BREIIZARLTVWE Y b P TIZEAL
APVREEZRNI DD, BEFRABRETH-
To L Sz,

£S5 KBNBHROKET—2B8LNY~< oY
IDaANTEREE
2006 4E5 BICRE L=V L TV DRERETT,

HE RE KE #49 |DO anyE

A (m) (°c) (psu) | (mg/L) (nmol/ml)
0-2 2 17 15 5.5 1528
0-3 2 17 5.9 6.6 995
0-3 4.3 17 19 3.5 2193
0-4 2 17 5.4 6.6 2639
0-5 5 17 15 3.8 4974
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BEZE. 2000. %R 1Ak, EBEEHRE. F9WE
DEX LD, pp. 100-137. S, B
BHEE-EAZ—H-SARBEY-BIEEE. 2002. £
BEKXKBETHT RN OO BEME—2. BINE. &

B EREHZE, 8:47-55.

B, 1996. I XT< YR, AAKERRE#
Beim. BAROF/VRBFAKEEYICET S ER
Bk (1) BRIKEN. pp. 22-28, 83-84. HAKER
FRiR#EmS, .

TR =ER. 1996. A =X HA. BAKEEREE
BEiRE. BAOFLRBAKELYICET 5 ER
Ekk (D) AW, pp. 3-7, 79. BAKERIRR
#EHs, A

TAEK - BEFE - REAFK - HH5E - ILAR



- PE)IDERE - FUBEEYS - SAKED - NERE - B ERECRS - LR 2004, BETLERLV Y KT -4
HEE - 8HE%E. 199. BARICKT 3 TFEERL 7w 7. pp.185-187.
ZFIIWERTHIEAEYOBIR. WWF Japan  MiffH. 2002. Vv RF—%7 v L4, pp
Science Report, 3:1-182. 160-161.

Ohashi River is a brackish river of about 7.6 km length, connecting Lakes Shinji and Nakaumi in Shimane Prefecture.
Project plan of widening the river and dredging the river bed is now proceeded for flood control. In this study, we
investigated distribution and population dynamics of Corbicula japonica and Musculista senhousia, which are the
dominant bivalve species in Ohashi River, and discussed the possible influence of the proposed project plan for flood
control of the river to the two dominant species.

Sediment samples were collected monthly at the several selected stations in the rivers from upstream to downstream
of Ohashi River and Kensaki River, which flows parallel to Ohashi River, since November 2005. Water qualilties such as
salinity and dissolved oxygen concentration were measured. Measurement of the collected specimens were done for their
biological parameters, including the number of individuals, shell length and wet weight.

From the results of biological data analysis, distribution and population dynamics of the two dominant species were
elucidated. Patterns of incoming saline water into Ohashi River and Kensaki River were revealed and disappearance of
M. senhousia after flood in July 2006 was also observed. It is suggested that the distribution of the two species is closely
related with the dynamics of saline water.

The project plan of the river repair aims to dredge the rivers, especially largely in Kensaki River, where shallow water
depth of the river beds are prevailing. If saline water frequently reaches along the river to the upstream, the distribution

and population dynamics of the two dominant species may change from the present status.
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Range expansion of a dwarf bamboo induced by forest fragmentation

and its effect on species diversity of forest herbs

Obihiro Research Group of Forest Fragmentation

Yasuo Konno, Hiroshi Tomimatsu, Hiroki Yamagishi, Renzo Kondo and Masatoshi Sato
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1. HREAM

HERERIL, BEROEYMEREELBRTIEE
72EFR TH Y (Whigham 2004), STEOERICE b2
IBMROSWHL (LA, THWi{k) &3 2) 03, AKRE
ADZRMEIZE Z 2HEENRBRE I LTV 5 (Honnay
et al. 2005, Tomimatsu & Ohara 2006), Zy¥r{bi%. #k
BEPLE LERESFHEOEL(==y PR 2L
O3 (Bt 2005), RESLEDLD L, TORELYHT
CEIFLICEBA. bLIEoMmEEKRL
( “fluctuating resource hypothesis” ; Davis et al. 2000) .
BAELOBREVEFOREBEIHEL 52 5T
BERH D, LrL. SEHEIC X 5BA - SFRIEKR
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Laurance et al. 2001 2 2R S hiz\»),
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P ETR)REEL, MLOMEKEDH DR, S
BITHMOBE N EFON, —RICADVREZ T
EWTHD, LIzhoT, Sk LB HEKBRED
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BEBFICL o THRL T wREMLA H 5, L
L. Y O5MIZET2B8E0RENEL . Sk
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Scientific) Z AV T, #iIFR)»HE X 12ecmE TOYEHH
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RIZITV, ABIOREX & o7z, £, VX —LEHE
TOES(m) #EREL, 7y b4y FTHL O
a7 7N (EESem, TESem) IR LIZ, i
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*F o3y
| kD
O=mL

X1 WENRAQIZKIT 24T < F Y Dot
7Y v FOMMRIES mT, B BOLNLBFHTT
FHI7=FERRLN5,



HERABMRE R L2728 (r = 0.98) . MEBOE—ERK
5 (BB DI%E AT D) i v,
@) F—¥ah

P OROEELZFATIERE, ERRET
NERWTHF L, SRAZRET. =y VR %
BESTI2EEHED) &, REFHLRTEHH
(BE) iz b d, BiE L. distance to edge (B b
VAR E TORRRE, SEEH L), edge age(FK
EBEOT y VBB SN T b DFE; 19614 7H
5 20004 12l & X 72 1:25,000 1 B 5> S HEE L
72) . edge orientation (BT HE T »» ¥ D5 H; Zheng &
Chen 20000 HETERIL LT2) DIEHTH S, %
FiX, lightl k0 X) | light2 (A# - RN E
DEV), H20(HEEKE), pH(LEpH) . humus
(VE—LBEHELDES), N-C(N- CRDE—EM
3. PRV VE)DTERTH D, £T. ALK
O BE & J/NBIZ T 5 72 8 backward elimination
(P-to-remove criterion=0.1) Z W THEEEHEN O E
BEBIR LI, @BREINZLLT OEHD: distance to
edge, E: lightl, pH, humus, N-C, P %\ YT “partial
linear regression” 43#T (Mac Nally 1996; Legendre &
Legendre 1998, p.528) 21T\, B EHDOIE Lo &
Z(DOHTHHATEDHD, QEDHTHHAT
E5b0, G)DLEDHBIZL 2R, WET LV
TRBATELRVLD, D4ODBERIZHME LT,
Fie. ER VAR L T3 ERROITH HIAZHERE
R E RS, BREFFOHMHEREM 2 KR
L7,

VI PRRERICGEZ DHEELERTID. &
FAEMRCTAE X OFEEK (species richness) # & H L.+
Y ORBE L OHBREARER-, £/, TOYFE
BRI - TERINE I DERFT I729,
HBEHEESEBENE V4O SEBICH L T
Pearson’s ¢ (Legendre & Legendre 1998, p.256) % &5
L7z, ZoEHE, 34 eBEOSEBOHBR Y
VHEEREH D NEEETHHDOT, —123 bl
ETOMEELY, ¢ >0 L EFEIXRFAL 207
ERL. ¢ <00k EHEMARSMEZTT, Ho: o
=0 RERF L LT, 2,000E D X BEEIT

27,

B) TIURFN—Noak

2ODFEM (KIFOK EF) NDE104 BT T, #5340
RN HERE L 72 Ta-bK LK (RERT) E¥500 £58% 2cm
BICRE Uiz, T D%, 2~200 p mBEISSRIF 2508 L.
FOEFY TN EEND F TR A BRIE % EHE
FTRHZLILE-T, BIAEREY Y Or A Bissk%
Rtz, Uy, BE L TBOSEBENR L, MES
HESW (CHERBIE)ICE > THET A FETH-
7o EEOHEN D, FEIRER LT 58/ (0~300
FER)ORENHE LW EBRHAOMLE ol
(IntCal04: Calibration Issue, Radiocarbon, 46, nr.3,
2004), ZALiE, HBRSOXBESOEESDEET,
BEOCH BEN—ETRVWI LICERTZ2HDT
H3(ER 2005), ZDizd, SEITERBIEETTS
BRI TD, ZHIT TR ROMBSE LT
flid 52 EBHFERNI L EERT S, LizdoT,
AR TIEIT T v b A=A ORERERER,

3. R
1) HICHTHIIVUMR

REZRRAER T BHEE FLIZHHEL, D
SRAERIZEY YDA L ARNIZHHET HER N
Ronf= (), £, DME2RIEEEHICY
DOROBENE -T2 (K2), OOREXR Fxig L
LT, BOBEICHEYEXAEREMMTLEZE S
B FR&D b D FEREE (D) L BRESME () I L > TRE
EOHBDS37% 2ATELNTERLR =
0.537, Fg 53 = 16.1, P<0.001; K3A), £/, H&En b
DOIEHE (D) 7217 T29.8% DOOBMHRATE (R =
0.298, Fy g5 =37.3, P <0.001). Z® 5 HD40% [3Hk
BB DEEHE L BERMOMBIZ L 392 (D-E) 72
277,

REENBE VG TINS5 <. H8pHN
‘L, VF—8NBELL, N-CENREZL., PEXIA
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4 — B (humus) i, #igd> 5 OEEHE L A2 72 FERIRIR
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AZ 7V OREEICEY RIZTEROSHT
(A) Partial linear regression %347, N=90, #
BOEERETVERNT, BOBEDITL
DERADDESIHEI LT, L IE, AL
2R, B)ERESFHOHEMWEENE, BES
HEHAEE L T2ERBHTICE S LD,
* P<0.05, ** P<0.01,

K1 FRESFMEHE O OEREHC L TER L

L 2 OEFEFRE (b)) LIEHERRZE (SE). N=90,
Yt (lightl), HEEEKE (H20), )V #—¢L
BELTDEE (humus) DIEEN, =y OHE

ZRLTS,

REsH b SE P

light1 -0.027  0.012 <0. 05
light2 -0.001  0.003 0. 66
H20 0.179  0.082 <0.05
pH -0.002  0.003 0.58
humus =0.018  0.007 <0.05
N-C 0.000  0.011 1.00
P 0.002  0.006 0.7

(2) HREADSRIEEREESE
BENBEOEAENBERINLN, VT OREE
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T ) XVUFXY SN RYeHTY B3 TF
AR, exXVady, FATIEFY )BT
WLEBEEL, REMICER LR UERNE LN,
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TEE T, HE/AKHEIL2,000[E DM O X BREIZ
X3, *P<0.05 ** P<0.01, *** P<0.001,

4. BB

AR, ()N EBRHRFIZEFVFOEFTHBERS
W2k, QU IOEBTBEL, Mg ORI X
STHPICHATED Z L &R L (K2, 3), 2D
RRIT. Ty VHRPOHEFINDIFRE LLED
ZEnh, GBI YRSHEEIERLZZ EAVR
WEND, FHIIARETIHRVD, SEiRICHKS
MHRALRL, bLIE, RPICESETEZLTY
T RomEILR L= Z E#Rl SN D, AHE
TIREMILDOZD, =y RN THLITWOHAE,
LOEMOREEE & L TRINDIILHREL
THWEAT oD, ZORETLTLHELL RV,
Bl ZE, BEOKRICIET 2TERXTIE, A&EH»
b ORI U THRMZ IR Z 2T 2 RS
5 ( “multiple edge effect” ; Malcolm 1994), = M7=,
Ty VHRTHRATE 29V OEFTEE OSBRI,
ERIZIIE b o EREVWES S,

VY DOEFTBEILX, =y VBRETRLEEROR
B&MzLoT, L<BHATEZ(K3), Al =
v UBRITADIVHREEZ L6 L(RD ., HB VR
BT TRV OBENEVWVERNDH D, ZORERIT,
SEHLIZ K ZBREBEOEBENFENRAEZRL LT
% fluctuating resource {7 (Davis et al. 2000) % 37§F
LT3, 722 L, BOBEL BT 2RERMGI,
ZT LV ORAZRT TEBRE) TiEed, B
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Forest fragments are exposed to great changes in environmental conditions, thereby allowing new species to invade
into the fragments; however, biological invasions due to forest fragmentation have received relatively little attention. In
this study, we assessed the possibility of biological invasion of the native dwarf bamboo, Sasa chartacea, and its effect on
species richness of forest herbs. S. chartacea mainly occurs near forest edges in larger fragments and its abundance was
generally higher in smaller fragments. The abundance of S. chartacea also increased significantly near forest edges,
which were characterized by some environmental conditions such as higher solar radiation. We conclude that the
distribution and abundance of S. chartacea are strongly affected by edge effects, and we therefore suggest that the species
is likely to have locally expanded its range within the fragments. Because species richness of forest herbs was strongly
negatively associated with the abundance of S. chartacea, local range expansion of the species following fragmentation

would be a serious concern for long-term persistence of forest herbs.
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The impact of invasive ant Pheidole megacephala on native ant diversity in oceanic island

Research group of Pheidole megacephala
Hitoshi Ohnishi, Mayuko Suwabe and Toshiki Hatano
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The big headed ant Pheidole megacephala which is one of the most famous tramp species ranges over the worldwide

and this wide-dispersion is mainly caused by human commerce. Most tramp species have tropical or subtropical origins,

and therefore ecological damage caused by their invasion would be serious in the warm climate environments

particularly on oceanic islands. We investigated ant fauna and the distribution of P megacephala in Minami-daito,

oceanic Island. P megacephala distributed over the whole Island and was dominant in almost all vegetation.

Camponotus daitoensis which is an endemic species of Daito Islands was never found in this investigation. Although we

could collect 19 ant species, this number was smaller than previous study (30 species). We also investigated if P

megacephala distribute in Tokara islands located between Yakushima and Amami Islands where is considered as

northern limit of P megacephala. We could not find P. megacephala in Tokara Islands and therefore, Amami-Oshima

was considered as the northern limit.
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Research on the age structure and the dispersion of the young of the Great Cormorant
population in the Kanto plain

The team of project for Cormorant, Japan Bird Research Association
Nanae Kato and Kentarou Takagi
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Great Cormorants Phalacrocorax carbo are piscivorous birds, occurring in shallow coastal waters, estuaries and

inland waters. Since complaints have recently increased that fisheries, especially in rivers, have suffered damage from

the Cormorants, measures have been taken against the species in various areas. In order to identify the age structure of the

Cormorants in the Kanto area, we studied their population and distribution as well as changes in the ratio of adults to

juveniles at roosting sites and the movements of banded juveniles. The study revealed that the overall population of the

species decreased by 7 % , with few changes in the ratio of adults to juveniles between December 2005 and March 2006.

During March 2006 and July 2006, on the other hand, the overall population declined by 12 % with a noticeable decrease

of adults. This result represents a pattern different from those of seasonal population fluctuation which the Cormorants

have shown in the Kanto area. In addition, the findings of banding and ratio studies suggest that new roosting sites may

have been established by dispersed juveniles. Further study is required on the population of Great Cormorants.
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The sustainable conservation of kerama deer

Kerama Deer Research Group
Akira Endo, Tsunehiro Shiroma, Yukiko Uehara and Mitsuo Kinjo
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To achieve the sustainable conservation of Kerama deer and their habitat, we carried out the investigation of Kerama

deer and their habitat of forest ecosystem together with the children on Kerama islands, Okinawa prefecture. The

researcher investigated the population and homeranges of Kerama deer. Schoolchildren investigated the feeding and

rutting behavior (rutting call by males) of Kerama deer, inhabitant’s attitude toward the conservation of Kerama deer,

bird distribution and seed production. The results of researches were presented to the inside of the island, and announced

to the outside of the island via internet.
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Measures against overuse and present assessment of natural environment

of “Kuju Bogatsuru swamp” (new Ramsar Convention site)

Nonprofit Organization Oita Biodiversity Conservation Center
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Yoshiko Kuwahara, Sigeru Nakamura and Ryuji Kurahara et al.
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Restoration of Grasslands Ecology in National park Mt.disen-hiruzen Area

Harenokuni Wildlife Research Club
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A new point of view in Shishi-gaki survey with local people

Shishi-gaki network
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Publication of the Guide to Nature Activities for Early Childhood Educators
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RER D2 A T20fE F/m?) & b i, Wiz LHBE L
WETHD, TV T I hAIEmEE LEREED
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TERBRE) 27T K4 RREOCBNELNRS
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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, 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 80 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. In the present 2 years, sediment samples were
collected from the 50 or 107 fixed stations in the outer part of Isahaya Bay on 22-23 November 2005, 19-20 June 2006
and 21-24 June 2007, and also collected from the 31 fixed stations in the inner part of this bay on 17 August 2006 and 15
April 2007.

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 2007, 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 will be used as the theoretical ground in order to require the investigation of opening the
gate against the Japanese Government, and these will be possible to supply basic data before opening the gate for future

studies after opening the gate of Isahaya Bay.
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. FUBIC

o Fhe—7 - 77 REITH BIRACR#EE (2008)

MARBIRBEDM T 244 bV a/ N7 OREFZ AW
BRI & 720X BEDOANZEDY

FA RT3 ) AR BERTES N—T
BA BED . FRA NI R B

Vocal individual identification and territorial turnover in the isolated population
of the Daito Scops Owl on Minami-daito Island.

Working group for the study of conservation of Daito Scops Owl.
Masaoki Takagi, Kana Akatani and Shin matsui

VavFaya/ N"A732004FEDIUCNO Ly KU X M TlafficiiBESTbh, Vavxa
Ua ) NRyO—FERE, XA ~T 3 NXT Otus elegans interpositustI REE SIZEH OERET, M
BEBROL Y K7y 7 THRIBAEREE SN TWD, HI00ERTOAMELRTE T, Bz T
TR, IFEE RSN, BETIR., BOEINEH L 220 | BAEDBMIT1920E /I K
ST <A U R EEOIESOMIT EDBEREANH ZIBE R, FHOREERICHEOR ML X
AEZPICABERTAZELEFEETHD, AMETHE., ¥4 hUa /) "X 7 0BEE Ik 5EE
BAOFREERE L, TOFEEFEALELRDIEY OANEDL O RLOHEFEL RS-, BEXFS
AW EESIIIEN TH o Tm, TOFEEISA LR, 20050 520065 2T T-HEDF A b
Ta ) NR7DRHIEY OANEDY RiF54% Tho7T=, LnL, AHFEDGE TR AESEDEE
BHORIZEWVCEL LEF 2B EEBFEET I I EMHOMMI R o2 20 b, ZOMITB/NE
EOTIREEN B D, %L, LV DHROLERENOFEERIT I ENEETHS, £/-. @
FHEBEARIET 572D, HOEGFHNLLETHS, TI T, BBV THBEE L 5
BEANOTREME LRI L., WHTILERD D,

RS D> b BIZK9360km D AP RSB T 5K
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£ 2000 2R), < OHEBEEETHRE, ENTH
LEDERRREAMBE T TELERE2/E-T
W5, BARFIBLEORDBEEEDD L, IhE
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WHEETIX, BfES A MU U T A R(Cettia diphone
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HEL A b Y I VYA (Troglodytes troglodytes orii),
LA MDA Y (Buteo buteo oshiroi) DATEFEHS
MW UT-, MEARKRWER T, BETLERES
Wik, RKEBBCERFOHEBES A b4V T
(Tachybaptus ruficollis kunikyonis), TFEZ A b A2
o1 (Zosterops japonicu daitoensis), BFZ A Uk 3
K U (Hypsipetes amaurotis borodinonis), & X A kv
2 ) /NRX 7 (Otus elegans interpositus)NE & - TV
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B RE B~ D AREIL, 1900~ 19034 21T b 7= (FF
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13493.9km?, AR L 7= BRI OB & I315mTH B,
EHIBOMAERICER L. ADIZH1L400ATH B,
FAETIEICR L, FEHRIRT23°C, FELHMBA
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The Elegant Scops Owl is included in the 2004 IUCN Red List as Near Threatened, and the Daito Scops Owl is listed
as Endangered in the Red Data Book of Okinawa, Japan. Minami-daito Island is an oceanic island. Settlers colonized the
island beginning in the 1900s. Before colonization, the island was thickly blanketed with forests. Almost all of these
forests were logged by settlers. Introduced trees were planted as windbreaks (ca. 50 m wide) in the 1920s.

Vocal identification is useful to determine the source of the turn-over individuals without banding. Then, we show the
effectiveness of vocal identification of owls, and estimate territorial turn-over by using spectrographic analyses in the
Daito Scops Owl Otus elegans interpositus on Minami-daito Island. The Daito Scops Owl, a subspecies of Elegant Scops
Owl, is endemic to Daito Islands. As a result, vocal identification was useful for the Daito Scops Owl. Territorial
turn-over was 54%, but the value should be underestimated because quite similar hoot males occurred in the population.
In the future, we should establish the more effective discriminating methods for the vocal identification, and apply to

identification of females.
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The effects of the Sanru Dam construction on water quality and aquatic organisms in

tributary Sanru at Teshio River water system, Hokkaido.

The group of thinking about nature of Teshio river
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Our aim is to investigate the effects of a Sanru dam construction on water quality and aquatic organisms in tributary
Sanru at Teshio River, Hokkaido. The results of water quality analysis upstream and downstream of a Iwaonai Dam
located in the upper reach of the Teshio River revealed the increase in turbidity of the downstream river water due to the
release of a dam water. Furthermore, the result of egg bed counting in Cherry salmon at Sanru River, more than two or
three times of the egg beds which was previously reported were produced by adult Cherry Salmons during September to
October, 2006. Thus, the total loss percentages of egg beds in Cherry Salmon by the Sanru dam construction may be
underestimated in a current environmental assessment book. We also examined the fish road efficiency in various dams.
At a present time, it may be too hard to go to the upstream of a dam or down to the downstream through the dam in Cherry
Salmon. Therefore, it is suggested that re-evaluation of a current environmental assessment book of Teshio water system

is needed.
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Distribution of Large- and medium-sized Mammals
in Sumatra Island, Indonesia

Amesir Bakar, Rizaldi, Santi N. Kamilah and Kunio Watanabe

INTRODUCTION

Habitat degradation is rapidly increasing in Sumatra, which seriously threatening tropical biodiversity and may cause
some local extinction of many mammal species. In many tropic countries including Indonesia, even the first step
information on the distribution of large- and medium-sized mammals is not provided yet. Such information is usually
limited on some reserved areas and/or specific localities; for example, many references introduce basic information on
the distribution of each species only by the landmass of large islands such as Sumatra, Kalimantan, Java and etcs (e.g.,
Colbet & Hill 1992, Noerdjito & Maryanto 2001, Payne & Francis 1998, Suyanto et al. 1998). The relationship with
human activities and/or the detailed distribution pattern of the subject species in those islands are very obscure. The
realistic information on the historical changes on those species’ distribution is very poor. The information how wide and
large populations are currently present on those islands are known insufficiently excluding some specific species.
Undoubtedly, such information is essential for conservation of the species. The large- and medium-sized mammal
species, further, are often key or umbrella species in the relevant ecosystem and their presence is extremely important for
considering conservation of tropical biodiversity.

We surveyed current distributions of 26 large- and medium-sized mammal species in three provinces of Sumatra; that
is, West Sumatra, Riau and Jambi Provinces. The West Sumatra Province has been developed from the earlier historical
time, while in the other two provinces economical developments were being done very rapidly recently. Especially in
the Riau Province habitat destructions accompanied with large scaled plantations are being done at anywhere during
these one or two decades. Therefore, the now is a time that we should make notice about the changing nature of Sumatra
and remain the historical records of living species in the area. The detailed information on those species could help us to
establish better way for their conservation.

This study aims to delineate present distribution and population status of 26 large- and medium-sized mammal
species living in Sumatra concerning with geographical and floral differences as well as habitat degradation and
human-animal relationships. The subject 26 species includes 8 primates, 7 carnivore, elephants, 5 ungulates, tapir,
porcupines, flying lemur, pangolin and otter. The present status of those mammal species would be described with factors
affecting their distribution. The study will be extended to analyze the historical change of distribution and possible

factors to influence on those, especially on elephants and tigers.

METHOD

Field survey was conducted in 2003, 2004 and 2005 in West Sumatra (36,218km?, population=4.18million in 2000,
excluding offshore islands), and in 2006 in Riau (94,562km?, population=1.8million in 2005) and Jambi (53,436km?
population=2.4 Imillion in 2000) provinces. Data on the distribution of large- and medium-sized mammal species were

collected by direct interviewing to the local inhabitants approximately at every Skm distances in West Sumatra and at
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every 10km distances in the other two provinces traveling along the main roads and its tributaries by a car. The number
of locations where interview was made is 550 in total; 270 in West Sumatra, 160 in Riau and 120 in Jambi Provinces.
Each location was confirmed using GPS information and recorded on the map.

Direct interview was made to the local inhabitants, preferably old men (18years of age or more), long-lived
residents at the relevant location (more than 3years), and workers in the nearby forests (hunters, farmers, loggers).
For avoiding misunderstandings by personal differences of their experiences, exaggeration, and malicious deception
interview was repeated at two or more places at any locations. We prepared photographs and/or drawings of subject
species to indicate and, if need, their sounds or videotapes were shown for them. The questionnaires include 1)
presence or absence of each species, 2) last encounter (especially on tiger and elephant), 3) land use and its change, 4)
relationships between human beings and subject species (damage on crops, threat on peoples, hunting pressure, animal
trading, etc). In some appropriate locations, further, we carried out direct observation on those species and investigated

the pet owners or ornaments from animals.

RESULT

The present distribution of 26mammal species (Tab. 1) was analyzed in the separate sheets by each province (the
map of surveyed route is shown in Fig. 1). We got no information on Sumatran Rhinoceros and guess the species was
extinct in the earlier day in the area.

The distribution pattern of each species was varied by their nature and surrounding conditions which might influence

on their lives. Generally, the distribution of those mammal species was very likely to become smaller due to the habitat

Figure 1 The map of survey route

Each spot indicate the location where direct interview was carried out.
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Felis bengalensis

Asian golden cat

Kucing hutan

Table 1 The list of mammals species surveyed
No Species English Name Local Name
1 Nicticebus coucang Slow loris Kukang
2 Macaca fascicularis Long-tailed macaque Monyet
3 M. nemestrina Pig-tailed macaque Beruk
4  Presbytis melalophos Mitered leaf monkey Simpai
5 P. femoralis Banded Leaf Monkey Nokah
6 P. cristata Silvered langur Cingkuak
7  Hylobates agilis Agile gibbon Ungko
8 H. syndactylus Siamang Siamang
9 Sus scrofa Wild Pig Babi
10 Cervus unicolor Sambar deer Rusa
11 Muntiacus muntjac Common barking deer Kijang
12 Tragulus napu Mouse-deer Kancil
13 Capricomis sumatraensis Mountain goat Kambing hutan
14 Panthera tigris Sumatran Tiger Harimau
15
16
17
18
19
20
21
22
23

Neofelis nebulosa Clouded leopard Harimau dahan
Helarctos malayanus Sun bears Beruang madu
Paradoxurus hermaphroditus Common palm civet Musang
Arctictis binturong Bearcat Bintorong
Mustela nudipes Malay weasel Muntira
Lutra lutra Otter Berang-berang
Cynocephalus variegatus Flying lemur Kubung
Manis javanica Pangolin Tenggiling

24  Hystrix brachyura Common porcupine Landak

25 Tapirus indicus Malayan tapir Tapir

26 Elephas maximus Elephants Gajah

destructions. The data, however, indicates that many species still keep wide distributions in the area. It can be natural
since we searched for information only on the presence of subject species in the relevant area where some scattered
forests remained and even a very small population could be counted as “presence.” Anyway, the distribution of some
species (e.g. elephant, tiger, leopard, gibbon, siamang, deer, bear, tapir, flying lemur) were small and scattered, while
some species (e.g. wild boar, crab-eating monkey, common palm civet, otter) still kept wide distributions well in the
altered habitats by human beings. Land use trend and habitat disturbance may influence on each species in different
ways. However, it was apparent that clearance of the forest cover for establishing the cultivated field and/or human
settlement had the serious effects on most species’ distributions and some local extinction might occur in such areas
recently.

The relationships between land use types and species’ distribution are shown in Table 2. Further, the relationship
between vegetation types and species’ distribution was shown in Table 3. It is interesting that most of land use and
vegetation types still foster many species. However, we should examine carefully more in detail on those distributions
since it is very possible those distributions indicate only the remnant population of the species in the area decreased
rapidly within these few decades. Further, the distribution pattern does not suggest anything on the changes of their
population densities. The populations of widely distributed species like wild boar, long-tailed macaque, palm civet and
otter, however, can be expected sustainable when the present condition or present degree of habitat alteration will be kept.

Besides, it is apparent that the most endangered species is elephant and then Sumatran tiger.
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table 2 The relationships between species' distribution and land use (West Sumatra, Riau, Jambi)

No Local Name English name Abandoned Deforest  For & Trad Forest Plant & For Plant & Trad Plantation Swamp forest Traditional Total
(n=10) (n=39) (n=168) (n=32) (n=17) (n=42) (n=60) (n=12) (n=170) (N=550)
1 Pukang Slow loris 2 22 138 27 11 21 16 3 95 335
2 Monyet Long-tailed macaque 3 34 157 30 15 34 38 1" 149 47
3 Berk Pig-tailed macaque 2 32 159 31 17 32 29 9 92 403
4  Simpai Mitered leaf monkey 3 20 125 27 4 21 24 1 94 319
5 Nokah Banded Leaf Monkey 9 30 5 10 10 10 4 22 100
6 Cingkuak  Silvered langur 2 19 72 8 9 23 16 4 76 229
7 Ungko Agile gibbon 24 106 23 14 23 17 6 53 266
8 Siamang  Siamang 15 128 31 5 8 8 2 27 224
9 Babi Wild Pig 10 37 168 32 17 42 57 12 160 535
10 Rusa Sambar deer 1 22 131 28 1 25 20 5 63 306
11 Kijang Common barking deer 3 22 147 3 12 22 21 2 84 344
12 Kancil Mouse-deer 25 110 28 12 21 18 5 68 287
13 Kambing in goat 1 49 20 1 8 79
14 Haimau  Sumatran Tiger 15 88 28 6 9 4 7 13 170
15 Har buluah  Asian golden cat 6 31 130 28 16 28 39 7 109 394
16 Hardahan Clouded leopard 14 91 19 8 15 5 4 51 207
17 Beruang Sun bears 3 26 135 29 13 23 13 6 72 320
18 Musang Common palm civet 10 38 164 31 16 42 58 10 165 534
19 Binturong  Bearcat 14 94 25 5 10 4 1 63 216
20 Muntira Malay weasel 4 26 121 22 1 21 21 1 93 320
21 Berang2  Otter 9 32 158 30 16 38 42 10 158 493
22 Kubuang Flying lemur 12 98 21 12 15 1 3 57 229
23 Trenggiling Pangolin 7 32 146 29 14 32 41 8 131 440
24 Landak Common porcupine 8 30 154 29 15 32 34 6 123 431
25 Tapir Malayan tapir 2 17 109 28 8 18 5 1 45 233
26 Gsjeh Elephants 5 12 2 3 3 2 27
Land Status

Abandoned (unfertil, no cultivation after clearing, usually dominated by bushes)

Deforest (forest extracted from logs)

For & Trad (Forest form adjacent to traditional land use)

Forest (Forest resene)

Plant & For (Plantation adjacent to forest form)

Plant & Trad (F i j to itional |

Plantation (large scale of monocultur plant)

Swamp forest (temporary fioated)

Traditional (traditional landuse)

Table 3 The relationship betwwen species' distribution and vegetation types
No Vegetation English name 1 (n=55) 2 (n=182) 3 (n=168) 4 (n=18) 1&2(n=22) 2 & 3 (n=64) 3 & 4 (n=41) Total (N=550)
1 Pukang Slow loris 9 87 134 18 7 46 34 335
2 Monyet Long-tailed macaque 26 154 160 18 16 60 37 471
3 Beruk Pig-tailed macaque 15 113 158 17 6 53 41 403
4 Simpai Mitered leaf monkey 12 84 105 14 8 58 38 319
5 Nokah Banded Leaf Monkey 9 38 44 4 2 3 100
6 Cingkuak Silvered langur 12 83 99 4 19 12 229
7 Ungko Agile gibbon 7 62 124 15 2 31 25 266
8 Siamang Siamang 2 28 85 18 6 46 39 224
9 Babi Wild Pig 48 178 168 18 18 64 41 535
10 Rusa Sambar deer 9 65 139 14 3 42 34 306
11 Kijang Common barking deer 1" 73 145 18 4 54 39 344
12 Kancil Mouse-deer 6 74 130 17 32 28 287
13 Kambing Mountain goat 4 27 1 1 26 79
14 Harimau Sumatran Tiger 1 24 81 17 1 16 30 170
15 Har buluah  Asian golden cat 33 113 139 16 7 49 37 394
16 Hardahan Clouded leopard 1 38 105 15 21 27 207
17 Beruang Sun bears 6 81 133 18 4 42 36 320
18 Musang Common paim civet 53 174 166 18 21 61 41 534
19 Binturong Bearcat 3 44 86 16 2 36 29 216
20 Muntira Malay weasel 16 88 122 16 5 44 29 320
21 Berang2 Otter 36 162 158 18 18 60 41 493
22 Kubuang Flying lemur 3 59 111 12 18 26 229
23 Trenggiling Pangolin 35 134 154 16 1 54 36 440
24 Landak Common porcupine 22 131 156 17 7 59 39 431
25 Tapir Malayan tapir 3 32 111 15 2 33 37 233
26 Gajah Elephants 2 6 16 1 2 27
Vegetation type

1 Clearing, bush or monocultur vegetation

2 Bush with scattered trees

3 Secondary forest with gaps or forest form mixed with cultivated plant
4 Forest form with interconnected canopy
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The brief description on each species’ distribution is as follows;
(1) Elephant (£lephas maximus)

The present distribution of elephants was confirmed only in 27 locations within three provinces (5% of all locations
surveyed) . This species now can be seen in Riau and only adjacent small areas in West Sumatra, and disappeared from
Jambi within these several years. After 1980, its distribution shrank away to only 31% (Table 4). The reason of very
rapidly decreasing distribution could be that the main habitat of elephants is lowland plains and those areas have been
altered recently for large-scaled plantations. The areas of Riau and Jambi Provinces were covered widely by the
secondary forests until around 1980. The lowland forests were kept relatively untouched because the area could not be
utilized for agriculture without irrigation with a use of heavy machinery. Now, we found many large-scaled plantations
of oil palms and acacia trees in the lowlands. A lot of trucks transported the products without interruption in the area.
Presumably, the most altered habitat within these one or two decades was the lowland plains where elephants live. The
extant population of elephants is likely to travel around some scattered forest patches and, when they entered to the
cultivated fields, they were being chased off or killed at anywhere. Undoubtedly, each group of elephants needs a wide
range and so, their population can be decreased more unless the present condition could be improved.

Table 4 The successive changes of elephant distributions
Locations where elephant disappeared in Jambi (Suney Aug-Sept2006)

The year of the possible last record of elephant Currently exist
1940 1950 1960 1970 1980 1980 2000 2006
J117 Jo3s Jo23 Jo17 Jo19 Joo7 J026
Jo3s Jo18 Jo22 Jo46
Jo20 Jose Jos4
Jo21 Joso Joss
J024 J100
Jo47
Jos1
J053
J055
Jos59
Jos2
Jos7
Jos9
#1 1 1 2 13 5 4 1 0
#2 26 25 24 22 9 5 1 0
Location where elephant disappeard in Riau
The year of disappearance Curmently exist
1980 1880 2000 2006
R001 R002 RO15 R0O50
RO05 R003 RO16 RO51
R021 R004 R070 R052
R026 R007 R072 R068
R029 RO14 R088 R0O69
R030 R042 R089 RO73
R039 R045 R094 R079
RO41 RO57 RO95 RO80
RO47 R066 ROS6 R085
RO48 R086 R098 R087
RO53 R092 ROS9 RO91
R062 R124 R107 R097
R127 R126 R114 R100
R128 R151 R123 R101
R129 R149 R103
R146 R155 R104
R147 R158 R105
R106
R116
R117
R153
R156
# 17 14 17
w70 8 - 89— 22

Note: Location number was indicated under the year of final records:
#1: The number of locations where elephant disappeared.
#2: The cummulative number of locations where elephant was present
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(2) Tiger (Panthera tigris sumatraensis)

It looks like that the distribution of tiger is still wide when comparing with elephants since their presence was
confirmed at 31% of all locations surveyed. However, their distribution was also being decreased recently (Table 5).
About 50years ago tiger could be found in the most areas and their distribution decreased much around 1970s to 1980s.
The present distribution of tiger is characterized by the widely scattered but not concentrated patches. It may indicate
the nature of tigers that each individual have a wide range and move quickly. The big population of wild boars (tigers
possibly depend on them for their foods) may assure their lives in the area. Peoples may kill tigers at anytime when
tigers appeared near to the villages. A The nocturnal activity and quick movement of tigers may conceal their presence
and real situation of them. It is noteworthy that each individual tiger may need about a 20km? range and the habitat of
them is now being largely altered. It is unknown how many individuals of tiger are there, but presumably it can not be so
large. Their presence always attract remarkable attention of human beings and so, it is very possible that the wide

distribution of tigers is somewhat exaggerated by such a conspicuousness of species.

(3) Primates
1) Siamang (Hylobates syndactylus)

The population of siamang was found mostly in the highland, especially along the Barisan Mountains although a few
populations were known existing near coastline of West Sumatra. They exist usually in the steep slopes of the mountain
not suitable for plantation. The species was located at 41% of the area surveyed.

2) Ungko; agile gibbon (Hylobates agills)

The species distribute widely in the area (48% of the locations). Fur coloration varies from brown, dark brown to
black but local difference was not recognized. In some locations they live sympatric with siamang. Ungko needs forests
with interconnected canopy and this species as well as siamang did not occur without forests. They were often found in
the forest patches where only a few individuals could survive and isolated far from the other. This species are more
common in the lowland forests than siamang. Scattered population in small fragmented habitats might not be able to
grow and anyhow disappear in the near future.

3) Beruk; pig tail macaque (Macaca nemestrina)

Population of pig-tailed macaques foraged close to human villages especially near traditional cultivate fields. Their
night sleeping sites, however, are usually in the forest. They are very sensitive to the presence of human beings and soon
escaped when they encountered. Local inhabitants often complained this macaque as a pest because they often raid many
kinds of fruit and vegetables. Such problem occurred often at the crop fields close to the forests. Sometimes they were
trapped or poisoned. Pet and animal trades were occasionally found. Forest clearance and large-scaled plantation
undoubtedly influenced on their distribution and population density, but their distribution is still wide (73% of the locations).
4) Monyet; long tail macaque (Macaca fascicularis)

This species is very common in the area (reported at 86% of the locations surveyed). Population spreads widely
from coastline to mountains. Riverbank, traditional land use and mixed forest with agricultural plants were favorable
habitats of them. Logging and forest disturbance might not severely threaten their population. People recognize this
species very easily because they live near to the human settlements. Crop raiding was reported in many places. This
species seems to be able to adapt well to the man-made environments.

5) Cingkuak; silver leaf monkey (Presbytis cristata)

The species mostly distribute in the lowland forests along the riversides and does not occur in the highlands (42% of
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Table 5 The successive changes of tiger distribution

West Sumatra
Number of | where tiger disapp d in Sumbar Curently exist
1950 1960 1970 1980 1950 2000 2004
49 34 7 3 4 31 1 74 151 227
52 50 1 6 13 67 2 75 153 229
55 60 14 35 17 182 5 76 154 231
80 61 15 36 24 235 12 I 159 232
15 85 20 38 25 236 16 81 160 233
127 86 23 44 26 260 18 82 161 234
138 89 28 48 27 261 19 83 162 245
214 94 30 62 46 21 87 163 246
14 37 68 47 22 102 167 248
121 42 84 65 29 104 172 249
122 51 93 135 32 105 173 250
125 53 95 169 33 108 174 253
129 54 17 185 39 109 177 254
130 88 140 200 40 110 178 255
133 92 170 240 41 11 179 258
207 96 176 259 43 112 180 267
215 98 180 45 124 186 268
228 119 196 56 141 188 269
264 123 219 57 142 189
131 237 58 143 199
152 238 59 144 202
165 257 63 145 203
222 64 146 205
226 66 147 206
230 69 148 210
247 70 149 218
256 72 150 223
#M 8 19 27 22 16 7
#2188 180 171 144 12 108
Location where tiger di d in Riau Number of | ions where tiger di d in Jambi (Suvey August-Sept 2008)
The year of disappearance Currently exist The year of possible last record of tiger Currently exist
1960 1970 1980 1980 2000 2006 1840 1950 1860 1970 1980 1990 2008
RO11 R040 RO05 RO14 R023 R0O03 Joge Jo21 Jo1o Joo1 J026 Joz7
RO57 RO50 RO15 R039 R035 R004 Jo29 Jo12 J002 J0s5 J046
R076 R054 R025 R044 RO038 RO17 Jo33 J013 J0o4 Ji10 J047
R110  R059  R042 R045 RO51 R021 Jo52 Jo3o 4005 J053
R111  R093  ROS3  ROS2  RO74  R022 Jo79  J035  Joos J054
R129 R084 ROS5 ROB1  R087  RO27 Jog4  Jo38  Jo11 J058
R130 R100 RO62 R084  R117  RO28 J087 039 Jo4 Joge
R132 R112 RO70 R066  R120  RO29 4044 Jo18 4070
R137 R122 RO71  RO72 R139  RO33 jg:g 'J'ggi jg;;
R148 R133 RO73 R082 R046 1080 1049 078
R154 R135 RO77 R085 R047 1081 1061 085
R155 R138 R088 R086 R048 1083 1088 1088
R142 R089 R114 R060 1088 1072 1090
R143 R090 R118 R068 1086 1075 1091
R152 R091 R119 R069 1092 1082 1007
R153 R092 R124 RO78 H12 J107 1099
R157 R095 R126 R080 14 1109 J100
R116 R149 R081 15 102
R128 R159 R083 J103
R134 R084 J104
R136 ROg6 J105
R144 R097 J106
R147 R088 J113
R160 R099 J117
R101 J118
R103 J119
R104 J120
R105 #-1 0 7 18 19 3 0 28
R106 w78 75 75 68 50 31 28 28
R108
R109 Note: Location number was indicated under the year of final records:
R110 #1: The number of where tiger disapp
R113 #2: The number of | where tiger was present
R121
R123
R131
R145
R146
R150
R151
R156
R158
M 12 7 24 19 9
#1281 9 70 61 Z
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the locations). It is likely that they still occur in their original habitats even though their population became small.
However, the detailed analysis was not yet done.
6) Simpai; (Presbytis melalophos)

This species includes several local variations and still widely distributed (58%), but does not occur in the area where
nokah distribute (allopatric species). This species live in the natural forests but also well adapted in the mix forests
with cultivated plants. Dense population of them was usually found in the traditional land use including rubber plantations.
7) Nokah; (Presbytis femoralis)

The species distribute in the area between Kampar and Indragiri Rivers and to the east of Barisan Mountains.
Together with simpai, the species can be seen widely in their original range.

8) Kukang; slow loris (Alcticebus coucang)
Slow loris is a nocturnal primate species and distributed widely (61% of the locations). Forests and traditional land

use are favorable habitats for slow loris.

(4) Ungulates
1) Babi; wild boar (Sus scrofa)

Wild boar was found in the most areas (97% of the locations). Forest destruction and human habituation per se
might not threaten their population. It is possible that the population increased in the newly established habitats.
Traditional hunting being done by human beings does not threat the boar population. More than 80% of peoples in this
area don’t consume pork because of religious restriction. Conflict between wild boar and farmers has reported from
many areas.

2) Rusa; Sambar deer (Cervus unicolor)

Sambar deer was reported in about half of all locations (54%). They could adapt well to the newly established
habitats such as palm oil plantations which usually provide grasses or herbs for their foods, and forest gaps may create
grazing spots. Traditional hunting and trapping occurred at almost all area surveyed because deer meat is favorable for
local peoples. The meat of deer was being sold on the market at some places. Antler and skin were also used as
decorations and ornaments. Crop damage by deer also reported in some areas. Usually deer make damage on vegetable
and seedling or sapling of rubber. Comparing with wild boars the distribution of sambar deer was rare around the
villages and/or areas disturbed by human beings.

3) Kijang; Barking deer (Muntiacus muntjac)

Kijang was reported in 63% of all locations surveyed. The species live in the forests remaining in the area.
4) Kancil; Mouse deer ( Tragulus spp.)

Mouse deer was found almost half of the locations surveyed (52%). They may include two different species;
Greater Malay mouse deer (T napu) and Lesser Malay mouse deer (T javanicus). It was difficult to discriminate
these two species in the field and no effort to allocate them was done. Together with kijangs, the distribution patterns
were similar with that of sambar deer.

5) Kambing hutan; mountain goat (Capricornis sumatraensis)

This species distribute only in the mountainous areas of Barisan Mountains. The small number of location
distributed (14%) is the reflection of such a species’ nature but not indicates the decreasing habitats. The mountainous
areas in the area seem to be maintained relatively untouched because of very steep land physiognomy, which may secure

the survival of this species.
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6) Tapir; Malayan tapir ( 7apirus indicus)
Tapirs were reported at 42% of all locations surveyed. This species might have occurred in the wider areas through
mountainous areas to lowlands in the former times, but it is possible that their distribution is being decreased especially

in the area where habitat destructions were done seriously.

(5) Carnivores
1) Harimau dahan; clouded leopard (MNeofelis nebulosa)

Clouded leopards were reported at 38% of all locations surveyed. It was unknown whether the information involved
those on sympatric Marbled cats (Pardofelis marmorata) or not. The distribution pattern is resemble to that of tigers
but somewhat larger. The reported locations were less than tiger in the forests (Table 2), but it might reflect the habits
of this species to conceal themselves in the forest. On the other hand, tiger could cause boisterous uproars of local
inhabitants at any time when they were detected.

2) Kucing hutan; leopard cat (Felis bengalensis)

This species were found in the most areas (72%). We found some specimens killed by traffic accidents even in the
center of large oil palm plantations. There are some other wild cat species, but their coat color is very distinctive and
easily detectable. We are, thus, convinced that Leopard cats have wide distribution and they might be able to survive in
the newly established circumstances.

3) Beruang madu; Sun bear (Helarctos malayanus)

Sun bears were reported in 58% of all locations surveyed. The distribution of this species is wider than tigers or
clouded leopards but smaller than leopard cats or palm civets. It is especially true in the habitats where forest cover was
disturbed, which indicates the species also need forests for survive.

4) Musang; common palm civet (Paradoxurus hermaphroditus)

Common palm civets were found at any sites (97%). Several other species of civets distribute in the same areas.
Their external coat color of the species is very distinctive, but it might be inevitable that information on some other
species intermingle with in some areas. However, this species were often found in the homes of local inhabitants and
have wide adaptability to the man-made environments.

5) Binturong; bearcat (Artictis binturong)

Bearcats were found at 39% of all locations surveyed. Bearcat might depend on the forest habitats when comparing
with other Mustelidae species.

6) Muntira; Malay weasel (Mustela nudipes)

Malay weasels were reported at 58% of all locations surveyed. The body of this species is blight orange that can not
be seen in the other sympatric martens, badgers and civets. So, the information on the species could be correct.
7) Berang-berang; otter (Lutra sp.)

Otters were reported widely (90% of the locations). They might include some other species (e.g., hairy-nosed otter,
Lutra sumatrana), but they were not discriminated in the field. Anyway, otters live at any places along the river
tributaries at present.

8) Kubung; flying lemur (Cynocephalus variegatus)
Flying lemurs were reported at 42% of the locations surveyed. The distribution of the species limited to the forest

habitats and even in the forests they were not reported in some areas.
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9) Tenggiling; Pangolin (Manis javanica)

Pangolins were found in all habitat types and at any places (80% of all locations surveyed). This species could
survive well in the newly-established habitats.
10) Landak; Porcupine (Hystrix spp.)

Porcupines may involve two species; H. sumatrana and H. brachyura, but no discrimination was done in our survey.

Porcupines were found at 78% of the locations surveyed and so, they may still have a wide distribution.

CONCLUTION

It was very conspicuous that distribution of many species has been decreased with enlargements of large-scaled
plantation of oil-palm or acacia trees, especially which is being done in the Riau Province.  This survey only concerned
with the distribution of the species and no data on the population or density of those species is available. It was strongly
suspected that, at present, only the small population of many species remained in the isolated and scattered forests within
the large-scaled plantations although they were found still in the wide areas. We are convinced that the variety of
mammal species in the transformed areas could be decreased by the time passed by.

In the West Sumatra Province, many species still distribute. It may be the result that the steep slopes of Barisan
mountains run in the center of province and civilization in the area occurred from the ancient times and the room for
large-scaled plantation was not so large. For instance, however, it is known that huge number of agile gibbons (8
groups/km?) live in the reserve forest adjacent to the Andaras University, Padang (usually 3 group/ km?). We should
carefully study about what occurred in fauna of the area too.

The economical development in the Jambi Province was done a little bit earlier than Riau Province. It may reflect to
the differences between these two provinces and, as elephant disappeared from Jambi, the results is suggestive for the
future in the Riau Province.

Elephant is now especially in the dangerous state when considering their survival in the area. It depends on their
ecological needs for wide lowland forest habitats. As far as the large-scaled plantation will be continued, elephant can

vanish out in the area.
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Restauracion de las comunidades de Puya raimondii en losandes

M. Suni

RESUMEN

Actualmente esta planta se encuentra distribuida en ciertas zonas de los Andes de Peri y Bolivia. Pero desde la
antigiiedad por la influencia de las costumbres de los pobladores de los Andes la cantidad ha ido decreciendo
rapidamente. Las principales razones de perturbacién son los pastores que salen con su ganado a pastar, pisando y
comiendo las semillas y/o nuevos brotes ademas de la quema de campos que convierte todo en cenizas extinguiendo parte
de la naturaleza. Nosotros estdmos tratando de restaurar la poblacion de esta planta en extincion. Al sobrepasar los
4,000m.s.n.m. en los Andes, la técnica de desarrollo de las semillas y el crecimiento de la planta aiin no se habia
establecido por ser muy lento el trabajo y por no tener los suficientes recursos econémicos.

Gracias al apoyo de la fundacion PRO NATURA se ha podido avanzar en la técnica de desarrollo de las semillas y la
aclimatacion de las plantas en los Andes utilizando musgo para su aclimatacion y sobrevivencia, teniendo asi altas
posibilidades de restauracion de la planta.

Aunque las plantulas germinaran en el laboratorio de la universidad, al llevarlas a su habitad natural en los Andes,
estas no enraizaban con facilidad por lo que se realizaron diferentes ensayos determinandose importante considerar los
puntos mencionados a continuacion, al transplantar plantas que germinaron y crecieron a Om.s.n.m. en el laboratorio de la
universidad, hacia terreno a una altura alrededor de 4,300m.s.n.m. para seguir desarrollandose:

1. Aclimatacién a 3,000m.s.n.m.

2. No exponerlas a sol fuerte.

3. No exponerlas a temperaturas menores a 0°C

4. Regar bien las plantas.

Teniéndose en consideracion estos puntos, las plantas tienen altas probabilidades de sobrevivencia. Estos puntos se
determinaron por los ensayos realizados entre Octubre del 2005 a Mayo del 2006 por lo que teniendo en consideracion el
clima de los Andes fue necesario extender el periodo de investigacion y realizar también ensayos entre Junio y Diciembre
del 2006.

Luego de realizar diferentes pruebas y conociendo el sistema de proteccion de las areas naturales de Perti, también se
considera importante y necesario cambiar la mentalidad de los pobladores de los Andes para poder continuar con el
proceso de restauracion de la Puya Raimondii. Actualmente hay alrededor de 1,000 y 2,000 plantulas aclimatizandose y

desarrollandose en los Andes Peruanos.

CAPITULO A
1. LUGARES DE EJECUCION:
(1) Parque Nacional Huascaran (PNH)
(2) Universidad Nacional Mayor de San Marcos, Laboratorio de Fisiologia Vegetal (USM)
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2. ETAPAS:
(1) Colecta de semillas (PNH)
(2) Promocién de plantulas (USM)
(3) Mantenimiento en el campo (PNH)
(4) Transplante de plantulas (PNH)
(5) Manejo de plantulas

3. LABORES EJECUTADAS:
(1) COLECTA DE SEMILLAS
Los diferentes lotes de semillas usadas en los experimentos que se indican en este informe provienen del banco de

semillas para Puya raimondii que se tiene en el Laboratorio de Fisiologia Vegetal, colectadas desde 2000 a la fecha.

(2) PRODUCCION DE PLANTULAS (USM)
En el Laboratorio de Fisiologia Vegetal de la Facultad de Ciencias Bioldgicas de la UNMSM:
1) PRIMER ENSAYO: USO DE PLANTULAS DE 1 ANO

Plantulas obtenidas en el 2004 de semillas colectadas el 7/05/2002 en el Parque Huascaran, codificadas como lote 73
y de las cuales se tenia un alto niimero fueron usadas para su evaluacioén en el campo.

La germinacion se realizd en placas petri con base de papel toalla. Germinaron a los 9 dias, 5 horas luz. Se transplanté
las plantulas, con dos hojas verdaderas, a almacigueras de turba por 3 a 4 meses, luego se transplantaron a canalones de
fibra de vidrio con sustrato turba hasta su traslado a Carpa (Huaraz). Mantenimiento de las plantulas con solucién
hidropdnica San Marcos una a dos veces al mes.

Octubre 2005 se llevaron al sector Carpa Parque Nacional de Huascaran un total de 80 plantulas de un afio de edad
aprox. Con 7.17cm de altura, 11.24cm de didmetro de 4rea foliar, con 75% de vigor (fotos).

2) SEGUNDA ENSAYO: USO DE PLANTULAS DE 2 MESES

Miles de pléantulas obtenidas al evaluar el banco de semillas (aproximadamente 30 lotes) en Marzo del 2006 fueron
utilizadas para la produccion de plantulas. Para su mantenimiento se sigui6 la metodologia descrita anteriormente.

En Mayo de 2006 se llevaron en placas 300 plantulas al Sector Carpa, PNH. Las plantulas restantes se mantienen en
almacigueras a condiciones de invernadero y gran parte estan aun en placas petri en la incubadora a 18°C.

3) TERCER ENSAYO: SIEMBRA EN ALMACIGOS

Instalacién del Ensayo: En 19 de Diciembre de 2005 se instalé el ensayo de germinacién en almicigos (siembra
directa) . Se estableci6 4 tratamientos, estos fueron, 5, 10 y 20% de humus en mezcla con turba y un control de turba
solamente. Se colocaron tres almacigos de cada tratamiento y se sembrd 400 por almécigo. Inicialmente se cubrieron con
turba y posteriormente con pléstico transparente para restringir mas el exceso de evaporacion.

Evaluacion del Ensayo: Desde Enero a Febrero de 2006 se evalia el efecto de diferentes proporciones humus en la
germinacion y el establecimiento de plantulas de Puya raimondii. Se encontr6 que a 5% de humus el porcentaje de
plantulas establecidas fue 1.58, a 10% fue 0.75, a 20% fue 1.5, mientras que el control (0% de humus) tuvo 6.25.

Se puede concluir que el humus no favorece la germinacion ni el establecimiento de las plantulas y que es necesario
mantener una alta humedad en el suelo por lo que la cubertura plastica se hace necesaria.

4) CUARTO ENSAYO: SIEMBRA EN PLACAS PETRI CON BASE DE TURBA

Instalado el 3 de enero de 2006. Dos placas con 800 semillas y otras cuatro con 400 semillas aprox. Fueron
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colocadas en la cdmara de cultivo por 7 dias a 18°C con 12 horas luz. Al séptimo dia la mitad de las placas (1 de 800
y 2 de 400) fueron llevadas a Carpa (Huaraz). Las placas restantes tuvo una germinacién de més del 90% pero

debido a la falta de transplante en el momento oportuno y riego se secaron y se perdieron.

(3) MANTENIMIENTO EN EL CAMPO (PNH)
1) PRIMER ENSAYO: USO DE PLANTULAS DE 1 ANO
A. Instalacion del Ensayo: Octubre 2006: Las plantulas trasladas al Sector Carpa fueron embolsadas en turba y
colocadas en vivero (fotos), agrupadas y protegidas parcialmente con una cubierta plastica.
B. Evaluacion del ensayo: el 13 de Enero del 2006
Se encontré unas sobrevivencia de las plantulas del 18.75% (15 plantulas, poco vigorosas) encontrandose que
las plantulas muertas tenian todas las hojas secas y el dpice dafiado, al parecer el exceso de agua y la bajas
temperaturas provocaron una muerte por estrés de estas. Ver fotografias.
Las plantulas que sobrevivieron fueron introducidas con sus respectivas bolsas, en el suelo a fin de darles mayor
proteccion contra las bajas temperaturas.
C. Evaluacion del ensayo: del 9 al 12 de Mayo de 2006

Sélo se encontrd 8 plantulas sobrevivientes. Estas aun no presentan un buen vigor.

e s

Fig.2 Caracteristicas de las plantulas sobrevivientes a

de su traslado desde Lima (enero 2006) al los 7 meses de su traslado desde Lima (enero
puesto de control de Carpa, Parque Nacional 2006) al puesto de control de Carpa, Parque
Huascaran Nacional Huascaran

Se puede resumir que el traslado de plantulas desde el laboratorio a condiciones de su hébitat natural (Sector Carpa)
requiere un periodo de aclimatacion de varios meses; es decir las plantar deberén ser colocadas bajo sombra y cubiertas
con plastico para evitar la evapotranspiracion. Esto permitira a la plantula desarrollar una cuticula gruesa y una forma de
crecimiento mas cerrada que evita la exposicion de sus 6rganos de crecimiento.

2) SEGUNDO ENSAYO: USO DE PL ANTULAS DE 2 MESES

Instalacion del Ensayo: 12 Mayo de 2006.- Las 300 plantulas trasladadas en placas al Sector Carpa fueron sembradas

en almacigos de plastico negro y cubiertas con plastico transparente hasta su aclimatacién. Diariamente se exponian en

estas condiciones al medio ambiente retirando parcialmente el plastico a fin de exponer las plantulas levemente a la
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intemperie. Al tercer dia fueron sacadas mas temprano (antes de las 8am) Al término del dia la mayoria de las plantulas
presentaban las hojas blancas, al parecer debido a las condiciones de bajas temperaturas de la mafiana. Ademas el sustrato
se sec6 completamente. Estas plantulas fueron nuevamente rehidratadas, cubiertas con plasticos transparentes y ubicados
en el vivero bajo sombra.

Se espera que las plantas de dos meses llevadas a Carpa tengan mds rapida adaptacién y por ende mayor

sobrevivencia.

Fig.3 Efecto de las bajas temperaturas en las pléntulas Fig.4 Almacigos cubiertos con plasticos transparente y

(hojas blancas) colocados bajo sombra

3) CUARTO ENSAYO

A. Instalacién del Ensayo: enero 2006. La germinacién de las semillas (emergencia de la radicula) en las placas
dejadas en Carpa ocurri6 a los 15 dias, mientras que en el laboratorio ocurre a los 9 dias. Probablemente se deba a
las temperaturas menores a 10°C de aquellos dias.

B. Evaluacion de Mayo de 2006: Se encontr6 un total de 3 plantulas en las placas. Probablemente debido al exceso
de agua en el cual se mantuvo las semillas germinadas lo que provocd que no continuara exitosamente el
desarrollo de la plantula que emergia.

Este método de produccion de plantulas exige una continua observacion o mejor disefio del método de modo que
asegure una adecuada constante humedad.
(4) OBSERVACION DE LA REPRODUCCION DE LA PLANTAS DE Puya raimodii EN LA ZONA DE ESTUDIO
Fecha de observacion: Mayo del 2006. Se encontr6 9 plantas aproximadamente que presentaban inicio del desarrollo

de la inflorescencia, en la zona no disturbada por el incendio. Ver fotos abajo.

CAPITULO B
1. LUGARES DE EJECUCION:
(1) Parque Nacional Huascaran (PNH) A
(2) Universidad Nacional Mayor de San Marcos, Laboratorio de Fisiologia Vegetal (USM)
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Fig.5 Plantas de Puya raimondii con inicio de desarrollo reproductivo

2. LABORES EJECUTADAS:
(1) MANTENIMIENTO EN EL CAMPO (PNH)

3. QUINTO ENSAYO: USO DE PL ANTULAS DE 5 MESES

Fecha: Plantulas trasladas en 11 de agosto del 2006.

Procedencia: Las plantas provenian de varias evaluaciones realizadas a fines en marzo 2006, del banco de semillas de
Puya raimondii del Laboratorio de Fisiologia Vegetal. Las plantulas tenian 5 meses de edad aproximadamente cuando
fueron trasladadas al PNH.

Condiciones anteriores al transplante: Las plantulas estuvieron en placas petri en una cimara de crecimiento a 18°C
antes de ser llevadas a Carpa: También se usé un almacigo con plantulas que tenian menos de un mes de trasplante al

almacigo.

4. PROCEDIMIENTO:
(1) Plantulas colocadas en exteriores bajo malla (6 bandejas)

Las plantulas provenientes de las placas-petri fueron transplantadas a 6 almacigos de plastico con capacidad de 72
plantulas cada una, obteniéndose un total de 432 plantulas.

El sustrato para cada plantula consistia en lo siguiente, en el fondo una capa gruesa de turba picada (tamafio 2mm
aprox.) y una capa delgada de humus. Colocada la plantula (una por hoyo), se cubrié todo el almacigo con turba gruesa.
Posteriormente los almécigos fueron enterrados en el suelo (en el vivero) cubriéndolas con una malla sombreadora.
(2) Plantulas colocadas en interiores (1 bandeja)

El almacigo ya sembrado en Lima fue acondicionado en una caja de cartén en cuyo interior se coloco turba.

Introducido el almacigo se cubrié con més turba. Fue colocado en un cuarto con poca radiacion.
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Fig.6 Caracteristicas de los almacigos enterrados en el vivero del Puesto de Control de Carpa, PNH. Fueron cubiertos
con turba como se nota en el almécigo de la foto de la izquierda. Finalmente fueron cubiertos con la malla
(foto de la derecha)

5. EVALUACION EL 24 DE OCTUBRE 2006
(1) Plantulas colocadas en exteriores bajo malla (6 bandejas)

A continuacion se indica el porcentaje de sobrevivencia por cada almacigo.

Table 1
N° almacigo N° de plantulas sembradas N° plantulas sobrevivientes sobrevivencia %
1 72 19 26
2 72 21 29
3 72 22 31
4 72 21 29
5 72 32 44
6 72 18 25
Promedio 72 22 31

Se obtuvo una sobrevivencia promedio de 31% luego de dos meses y medio de colocadas a almacigos en exteriores
en el Puesto de Control de Carpa, PNH. Al parecer la mortandad fue debido al exceso de agua aplicado a los almdcigos
por el personal del PNH, encontrandose plantas podridas. Los seis almécigos se volvieron a colocar en el suelo

previamente se les retird la cubierta de turba quedando de la siguiente manera.

— 148 —



Tabale 2

Bandeja almacigo N° de plantulas sembradas
1 19

21

22

21

32

18

DO (d W N

Fig.7 Estado de las plantulas de Puya raimondii
después de 2.5 meses de permanencia en
exteriores (enterrada en el suelo y cubierta con
turba)

(2) Plantulas colocadas en interiores (1 bandeja)
El porcentaje de sobrevivencia bajo estas condiciones fue de 39%, ligeramente mayor que el anterior.
Luego de retirar la turba que cubria las pléantulas, este almacigo fue trasladado a exteriores pero bajo techo en la

misma caja que lo contenia y cubierto con plastico.

Table 3

N° almacigo N° de plantulas sembradas N° plantulas sobrevivientes sobrevivencia %

Fig.8 Plantulas de puya transplantadas a almacigos de plastico y enterradas al suelo
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6. SEXTO ENSAYO: USO DE PLANTULAS DE 6 a 7 MESES
Plantulas trasladadas en octubre 2006.

Se llevaron 2 almacigos de plantulas de 6 a 7 meses de edad de 72 plantulas cada una. Uno de ellos usado en Carpa y

el otro en Huaraz como se indica a continuacion.

(1) Plantulas colocadas en exteriores a raiz desnuda:

Esto fue realizado en el vivero del Puesto de Control de Carpa.

Las plantulas de un almécigo se sembré directamente al suelo en una parcela de 1.10m X 1.10m. Las raices de

las plantulas, primeramente fueron cubiertas con turba picada humeda, luego colocadas en un hoyo en el suelo

preparado, se apisono el suelo y cubri6 con turba gruesa. Se plant6 un total de 70 plantulas.

Table 4
N° fila N° plantulas Altura de la planta (cm) (hoja mas larga)

1 8 4
2 10 4
3 10 4
4 3.2
5 7 3.2
6
7 11
8 10

TOTAL plantulas transplantadas 70

(2) Plantulas en almacigo aclimatadas en Huaraz (Ministerio de Agricultura)

A fin de que las plantas se vayan acondicionando al clima propio de su habitat natural, un almacigo fue dejado
en el del vivero del Ministerio de Agricultura en la ciudad de Huaraz, Ancash. Este almacigo fue enterrado en una
cama del vivero y cubierto con una malla para posteriormente (diciembre 2006) ser trasplantada al suelo. Se
tiene un antecedente de establecimiento exitoso de esta modalidad de aclimatacion. Nos referimos a las plantulas
dejadas en Mayo de 2002 en el mismo vivero del Ministerio de Agricultura en Huaraz. Eran plantulas producidas

en nuestro Laboratorio de 5 cm aproximadamente y dejadas en bolsas en el vivero. El 26 de Octubre de este afio

fueron identificadas 2 de estas plantas (ver tabla 5y figura 11).

Table 5 Caracteristicas de las plantas dejadas en el 2002 en el vivero del Ministerio de Agricultura

Cédigo Didmetro del follaje (cm) Altura de la planta (cm)
pl1 48 30
pl2 28 30
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Fig.9 Vista de las plantulas del almacigo dejado bajo Fig.10 Transplante de plantulas de Puya raimondii

techo en exteriores directo al suelo

Fig.11 Almacigo dejado en el vivero del Ministerio de Fig.12 Vista de las plantas de poco mas de 4 afios de
Agricultura, Huaraz trasladadas de Lima en el 2002, ahora plantadas

en el jardin del Ministerio de Agricultura
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Structure and dynamics of mid-montane moist evergreen broad-leaved
forests on subtropical mountains, Ailaoshan and Gaoligongshan,
Yunnan, China, and the relationship between the forests and the people,
with a view to future sustainability

Cindy Q. Tang"” and Xiaohong Zhu"

SUMMARY

Two mid-montane moist evergreen broad-leaved forests on Ailaoshan, and two on Gaoligongshan, both in Yunnan,
SW China, were studied with reference to population structure, regeneration dynamics, and the survival of seedlings.
The most dominant canopy tree species are Lithocarpus xylocarpus, Lithocarpus craibianus, Lithocarpus hanceli,
Castanopsis wattii, Castanopsis remotidenticulata, Castanopsis fabri, Castanopsis fleuryi and Castanopsis
echidnocarpa of Fagaceae along with Machilus viridis, Machilus gamblei and Machilus longipedicellata of Lauraceae,
Schima noronhae of Theaceae, Manglietia insignis, Manglietia orandis and Alcimandra cathcartii of Magnoliaceae.
The vertical structures of the forests were multi-layered. All the canopy species had multi-modally shaped DBH
distributions, which indicates an unstable regenerating situation. No surviving seedlings of Fagaceae species were
found in those understories having a coverage of bamboo greater than 25% in any of the four forests. The higher the
coverage of bamboo, the fewer are the surviving seedlings of the species. Finding a method of controlling the spread of
bamboo may be important for the continuing survival of the forests.

In a second phase of the study, we used an approach integrating Participatory Rural Appraisal (PRA), botanical
collection, group discussion and interviews to investigate the human interaction with the mountain forests, and found that
the people in Shuitang on the eastern slope of Ailaoshan, who for centuries have lived in balance with the forest, no
longer can do so as a result of clearing and planting of crops which have not thrived and have failed to provide a
sustainable lifestyle. On the other hand, our study in the Lujiang and Dulongjiang areas of Gaoligongshan in
northwestern Yunnan has shown that the forest dwellers make sustainable use of the natural products which are available
to them. A total of 154 species of plants, belonging to 122 genera in 74 families, are used as medicine, food, fodder, and
for others purposes. The indigenous people’s knowledge of wild plants and their use and management of their plant
resources are a valuable source of information for conservation planning. Sustainable utilization of these natural

resources is discussed.

1. INTRODUCTION

The natural vegetation of the subtropical evergreen broad-leaved (lucidophyllous) forest, dominated by the genera
Castanopsis, Lithocarpus, Cyclobalanopsis (Fagaceae), Machilus and Persea (Lauraceae), Schima (Theaceae), is
almost exclusively confined to eastern Asia, including southern, southwestern and southeastern China as well as
southwestern Japan and some regions of Vietnam, Laos, Thailand, Myanmar, India, Bhutan and Nepal (Kira 1991,

Ohsawa 1993, Tagawa 1995). However, the native primary forests that remain are found only in the form of isolated

1) Institute of Ecology and Geobotany, Yunnan University, Kunming, 650091, China
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patches located mainly in remote mountainous regions (Wang 1987), as in Yunnan Province, China. Of the typical
dominant species, the remaining representative stands are on the Ailao Mountains (henceforth Ailaoshan) and the
Gaoligong Mountains (Gaoligongshan) of Yunnan. In addition, Yunnan is inhabited by a number of different ethnic
groups. Besides the Han Chinese, 25 different ethnic groups are officially recognized as national minorities. They
have contributed to the high diversity of traditional knowledge and use of plants. In Xujiaba, on the northern crest of
Ailaoshan, there is a truly primeval old-growth evergreen broad-leaved forest, on which many studies have been
conducted, comparing the primary and secondary forests (Young and Wang 1989, Young et al. 1992, Young and Stanley
1995), the forest ecosystem in Ailaoshan (Qiu et al. 1998), leaf litter decomposition (Liu et al. 2000), and nutrient
dynamics, fluxes and budget (Liu et al. 2002a, 2002b, Liu et al. 2003a, 2003b). Lietal. (2000) have done studies on
the flora of Gaoligongshan. However, little information on population structure and regeneration dynamics is available
for these forests, though such information is important as a tool for the preservation of the coexisting tree species. As
for human population, little study has been done on its interaction with the forest and dependence on it, though there are
a few ethnobotanical studies on medicinal plants of Gaoligongshan (Dao and Guo 1999, Long et al. 1999a, Long et al.
1999b, Huang et al. 2004). The main focuses of the present paper are on: 1) major canopy tree regeneration modes and
the survival of seedlings under different coverage of bamboo in the understory, based on data taken from the northern
crest and the eastern slope of Ailaoshan, as well as the southern Gaoligongshan; and 2) whether the local people wisely
and sustainably use the forests and whether they live harmoniously with the mountains. The study aims to identify key
trends and obtain useful data that can aid in the preservation of these forests and the sustainable utilization of these

natural resources in the area.

2. MATERIALS AND METHODS
(1) Study sites

We selected the natural evergreen broad-leaved forest at 2,435m~2,450m asl in Xujiaba on the northern crest
(24°32° N, 101°01’ E) and at 2,448m and 2,215m on the eastern slope (24°05° N, 101°31’ E) of Ailaoshan, and at
2,000~2,155m in Nankang and 2,100~2,200m in Baihualin on the southern slope of Gaoligongshan (24°55°~25°15’
N, 98°48°~98°50’ E), Yunnan, to study their structures and regeneration dynamics (Fig. 1). Also we conducted a
study on the relationship between the forests and the people, with a view to future sustainability.

The general climate of the study areas on the Ailaoshan is typified by Xujiaba (24°32°N, 101°01’E) at 2,400m asl.
The mean annual precipitation is 1,93 1mm. Mean annual evaporation is 1,485mm. Mean annual temperature is 11.30°C,
with an average monthly temperature ranging from 5.4°C in January to 16.4°C in July. At 1,527m asl in Longling of
the southern Gaoligongshan, the mean annual precipitation is 2,086.lmm. Mean annual temperature is 15°C, with
monthly averages ranging from 7.4°C in January to 20°C in July. The major precipitation occurs during the monsoon

months of June to October on both Ailaoshan and Gaoligongshan.

(2) Data collection and analyses

Quantitative data on trees were collected from nine plots on Ailaoshan and Gaoligongshan. Plot 1 was situated at an
altitude of 2,435m and plot 2 at 2,450m in Xujiaba on the northern crest, plot 3 at 2,448m and plot 4 at 2,215m on the
eastern slope of Ailaoshan. Plots 5, 6, 7 was at 2,000~2,155m in Nankang, and plots 8, 9 at 2,100~2,200m in
Baihualin on southern Gaoligongshan. The size of each plot was 40m X 40m for Ailaoshan, from 20m X 20m to 30m X

40m for southern Gaoligongshan unavoidably varying with the topography. Each of the plots selected met the following
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Fig.l The location of the study plots on Ailaoshan and Gaoligonshan in Yunnan, China
Black dots indicate the localities of study sites.

criteria: 1)a homogeneous unit of vegetation dominated by evergreen broad-leaved (Fagaceae, Lauraceae, Theaceae
and Magnoliaceae), 2) uniform topography, 3) no evidence of disturbance by man or other agents within the past 30
years. Each plot was located on flat or gently sloping ground. We subdivided each plot into 10m X 10m quadrats. In
order to have sufficient furhter statistical analysis on seedlings, we randomly established 32 10m X 10m additional
quadrats nearby each plot within the same forest for Ailaoshan, and 10 10m X 10m quadrats nearby each plot for southern
Gaoligongshan.

For this study, tree inventory was carried out for all the individuals at least 1.3m high in each plot. All were tagged
with number tape, recorded with species name and whether living or dead, diameter at breast height (DBH) (including
all stem stumps and sprouts) and tree height (H). The tree stems were classified into the following 3 groups based on
their vertical position, crown position and height: the canopy layer at least 16m tall; the subcanopy layer below the
canopy layer and at least 8m tall; the shrub layer between 1.3 and 8m tall. As for ground vegetation, seedlings (5 to
130cm) of woody species were identified, measured by height, and counted. We marked the seedlings of major canopy
tree species in each quadrat for subsequent investigation. The coverage of bamboo in the understory was measured and
recorded for each quadrat.

Species basal area (BA, cm?) was calculated from DBH data for all the tree individuals of each species, and the
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relative proportion of BA was calculated for each species (RBA, %). The dominant species were determined based on
dominance analysis (Ohsawa 1984). The diversity indices were calculated using the Shannon-Wiener index (H’)
(Peilou 1969).

We used an approach integrating Participatory Rural Appraisal (PRA), botanical collection, group discussion and
interviews to investigate the human interaction with the mountain forests. To quantify the average knowledge of herbal
medicine, edible plants and fodder among the Yi people of Ailaoshan, we randomly chose local people aged from 12~
24,25~37,38~50, 51~63, 64~76 years and from various villages. Each participant was asked to respond to a series
of questions related to their familiarity with the local plants. After they responded to the questions, we walked together
in the field, stopping at each of 30 identified ordinary medicinal herbs, edible plants and sources of fodder. We asked if
they knew a name for the plant, and if it was of any particular value or use to them, as well as if they knew of any
application for the plant. According to their answers, we calculated the level of the knowledge for each group, using the

mean percentage to represent the average knowledge of each age group.

3. RESULTS
(1) The forests
1) Species composition

The 9 plots were grouped into 4 forests according to the results of cluster analysis: the tree groups were distinguished
at similarity > 24% (Fig. 2). They are representative of mid-subtropical, mid-montane moist evergreen broad-leaved
forest. The most dominant species (RBA > 10%) were Lithocarpus xylocarpus, Castanopsis wattii and Machilus
viridis on the northern crest (Plots 1 and 2) of the Ailaoshan (henceforth NA). Plots 3 and 4 were dominated by
Castanopsis remotidenticulata, Lithocarpus craibianus and Castanopsis fabri on the eastern slope of the Ailaoshan
(EA). Plots 5, 6 and 7 were dominated by Lithocarpus hancei, Castanopsis fleuryi and Alcimandra cathcartii in
Nankang of southern Gaoligongshan (NG). Plots 8 and 9 were dominated by Hartia sinensis, Manglietia orandis and
Castanopsis feuryi in Baihualin of southern Gaoligongshan (BG). Among 2,389 living stems at least 1.3m tall in the
6plots, a total of 134species were recorded (Table 1). The forests in all the sites were almost exclusively composed of
evergreen broad-leaved species, with the exception of a few deciduous broad-leaved species. Dwarf bamboo with
various coverage existed in the shrub and understory layers in all 4 study sites. Various epiphytes and climbing plants on

tree trunks and branches were to be found in the areas.

2) Structure of the forests

The structural features of each forest are shown in Fig. 3. The maximum height of the forest in NA was 32m, while it
was 25m, 24m and 27m in EA, NG and BG respectively. The maximum DBH reached 201cm and 198cm in NA and EA,
respectively, while it was 93cm in NG, 123.5cm in BG.  If we apply the term “old-growth “ to stands with trees greater
than 130cm in DBH and taller than 25m, those in NA and EA are truly old-growth forests. But we found some old
cutting stumps in the plots of NA, indicating that there was some human disturbance 40~50 years ago (as confirmed by
old villagers in the Xujiaba region). The basal area (BA) per ha had greatest value (118.2 m%ha) in NA, while the
relatively high number of stems per ha (2,487 stems/ha) occurred in NG. Numbers of species were 41, 39, 50 and 31
respectively for the forests in NA, EA, NG and BG. The Shannon-Wiener diversity indices (> 3.0) were high for all
the forests.

The stand structure presumably reflects regeneration processes. From the distribution of size frequency, we can
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propose regeneration patterns. Unimodal and multimodal distributions suggest a discontinuous regeneration pattern,
whereas inverse-J shaped distributions suggest a continuous pattern. As seen in Fig. 4, all the species that had RBA
values greater than 10% in the 4 forests were in a multimodal type with reference to DBH-class frequency distribution.
The multimodally shaped DBH distributions show unstable regenerating situations, with possibilities for either good or
poor regeneration. The numbers shown in Fig. 4 as stems of small DBH-sizes included many sprouts of most Fagaceae
species as indicated, except for Lithocarpus xylocarpus which had no stems smaller than 15cm-DBH.

The vertical structure of the forests was multi-layered. All the canopy species in the 3 forests had stems in all the

vertical layers, except that Lithocarpus xylocarpus lacked subcanopy and shrub layers.

Similarity (%)
100 50 0
Most dominant [
Sites species Plots
Lithocarpus xylocarpus p|
NA , .
Castanopsis wattii
Machilus viridis P2
EA Castanopsis P3
remotidenticulata
Lithocarpus craibianus
Castanopsis fabri P4
. . P5
NG Lithocarpus hancei
Castanopsis fleuryi Pé L‘
Alcimandra cathcartii
P7
BG Hartia sinensis P8
Manglietia orandis
Castanopsis fleuryi P9

Fig.2 Dendrogram showing similarity between plots. The most dominant species
which had relative basal area (RBA) > 10%
NA: Northern crest of Ailaoshan, EA: Eastern slope of Ailaoshan, NG: Nankang

of southern Gaoligongshan, BG: Baihualin of southern Gaoligongshan.
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Table 1 Composition of the woody species (> 1.3 mtall) for the three forests

Site NA EA NG BG

Altitude (m) 2,235-2,450 2,215-2,448  2,000-2,160 2,258-2,266

Number of plots 2 2 3 2

Plot area (m?) 1,600-1,600 1600-1600 600-600-1,200 900-600

Area of plots 3,200 3,200 2,400 1,500
RBA RBA RBA RBA

Species LF (%) (%) (%) (%)

Lithocarpus xylocarpus E 337

Castanopsis wattii E 17.3

Machilus viridis E 119

Cyclobalanopsis myrisnaefolia E 68 0.82

Schima noronhae E 5.9 0.7

Lithocarpus hypoviridis E 3.44

Phoebe forrestii E 2.7

Vaccinium duclouxii E 26 2.1

Hartia sinensis E 24 13.8

Lithocarpus jingtungensis E 2 03

Manglietia insignis E 1.9 1.5 3.5

Acanthopanax evodiaefolius D 1.7 44 0.1

1llicium macranthum E 1.3 0.02 0.3

Eurya jingtungensis E 1.2 1.9

Elaeocarpus japonicus E 1

Rhododendron leptothrium E 0.8 1.7

Acer heptolobum D 08

llex macrocarpa E 0.5

Itea yunnanensis E 03 0.8

Photinia davidsoniae E 0.3

Symplocos aenea E 0.2

llex corallina E 02

Symplocos dryophila E 0.07 0.04

Cinnamommum tamala E 0.04 1.08

Mahonia mairei E 001 0.01

Other species (16) 0.96

Castanopsis remotidenticulata E 33

Castanopsis fabri E 13.9

Lithocarpus craibianus E 12.7

Machilus gamblei E 8

Machilus longipedicellata E 4.8 29

Castanopsis orthacantha E 4.49

Lindera flavinervia D 1.98

Eurya nitida E 1.8

llex fragilis E 1.3 1.8

Daphniphyllum macropodum E 0.9

Lyonia ovalifolia D 0.8

Lindera caudata E 0.6
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Daphne cannabina
Other species (14)
Lithocarpus hancei
Castanopsis fleuryi
Alcimandra cathcartii
Elaeocarpus lanceaefolius
Lithocarpus confinis
Skimmia arborescens
Ficus neriifolia
Cinamomum tenuipilum
Lindera thomsonii
Eurya prunifolia
Helicia formosana
Acer sp.

Schefflera macrophylla
Phoebe nanmu

Gryllus testaceus
Cyclobalanopsis lamellosa
Symplocos sp.

Anneslea fragrans
Lindera sp.

Evodia fraxinifolia
Exbucklandia populnea
Schefflera delavayi
Padus brachypoda
Mpyrsene semiserrata
Macropanax undulatus
Schima argentea
Camellia sp.

Adinandra megaphylia
Camellia forrestii
Symplocos hookeri
Cyclobalanopsis glauca
Cinnamommum camphora
Camellia taliensis
Other species (12)
Manglietia orandis
Lithocarpus sp.

Alnus cremastogyne
Schima khasiana

Sp.

Alnus nepalensis
Rhododendron irroratum
Rhododendron decorum
Betula alnoides

m

momomOoooDoDoDoDoooDomoDoDooDoDooDoooDoooooDmMmMmmm

momm

o mmo

0.53
0.89
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14.3
12.9
9.2
4.2
38
38
3.6
3.2
2.5
24
23
1.8
1.5
1.4
1.3
1.2

0.8
0.5
0.5
0.5
0.5
0.5
0.4
03
0.2
0.1
0.1
0.1
0.05
0.03
0.03
0.15

74
12.1

0.001

0.4

0.7

0.4
4.6
0.6

13.6
10
9.3
8.3
6.7
3.7
2.4
0.6
0.6



Symplocos spl. E 0.6
Camellia sinensis E 0.5
Symplocos sp2. E 0.4
Castanopsis sp. E 0.2
Ribes laurifolium D 0.1
Other species (7) 0.07

Notes: Those species that had RBA > 0.1 are included unless they co-occurred in at least two communities.
Dominant species are in bold.

LF: Life form, E: Evergreen broad-leaved, D: Decidous broad-leaved

NA: Northern crest of Ailaoshan, EA: Eastern slope of Ailaoshan

NG: Nankang of southern Gaoligongshan

BG: Baihualin of southern Gaoligonshan
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Fig.3 The structural features of the mid-montane moist evergreen broad-leaved forests in
NA, EA, NG and BG
NA: Northern crest of Ailaoshan, EA: Eastern slope of Ailaoshan, NG: Nankang

of southern Gaoligongshan, BG: Baihualin of southern Gaoligongshan.
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3) Regeneration dynamics

In the overstories of NA, EA, NG and BG, the ratios of sprouts to main stems were high (> 30%) for Castanopsis
wattii, Lithocarpus craibianus, C.fabri, Machilus gamblei and C fleuryi, while the ratio was 7.4% for L.xylocarpus
(Table 2). Among the major canopy species in the 4 study sites (NA, EA, NG and BG), C.wattii, L.craibianus, and
C.fabri regenerated mainly by sprouting. M.viridis, M.gamblei, C.remotidenticulata, C fleuryi and L.hancei regenerated
by both seedlings and sprouts. Schima noronhae, Alcimandra cathcartii and Manglietia orandis were commonly found
regenerating through seedlings. We did find some seedlings of S.noronhae at the forest edge where the light level was
relatively high in NA, though no seedlings of this species were found in the quadrats. No seedlings of Hartia sinensis
were found. The regeneration mode is unclear for L.xylocarpus and H.sinensis because surviving seedlings and sprouts
were rare, which indicates these species confront serious problems in regeneration. The survival rate was zero for
seedlings of Fagaceae species under the coverage of bamboo (Sinarundinaria nitida) greater than 25% in each of the 3
study sites, after one year from the start of the observation in May 2005 for Ailaoshan. Machilus viridis had a
comparatively high survival rate; however, the rate was only 14% where bamboo coverage reached 51 to 75%, and was 0
under 76~100% bamboo coverage. In NA, among the sampled 96 quadrats, only 8 were found to have bamboo
coverage of 0~5%, and 11 reached 5~25%, while coverages greater than 25% mostly occupied the understory of the

forest. The figures plainly show the critical condition of the Ailaoshan forests.

(2) The interaction between the people and the forests
1) The Ailaoshan region

For the Ailaoshan region, we focused on a single locality: Shuitang in Xinping, Yi-Dai Autonomous County. Here,
on the eastern slope of Ailaoshan, the people’s life strongly depends on the current agriculture and forestry policy. Their
own independence and wise utilization of the forests have been lost. However we still can see how the forests influence
their life. The results are shown below.

Xinping is located to the east of the Ailao Mountains in central Yunnan Province. Ranging from 422 to 3,169m asl,
Xinping County occupies extremely mountainous topography and spans multiple ecological zones. Shuitang, the site of
our investigation, is one of the 12 towns in Xinping, where according to the record of 2005, the population was 21,743
people including male 11,051, female 10,692. The villages are distributed from 800 to 1,300 m asl. The yearly
average income is 1,437.6 RMB YUN (about 179.80 USD). This region is endowed with abundant mineral resources,
but is in general less suitable for agriculture than the floodplains and river deltas farther to the east. Below 1,200m asl,
the main crops are rice, sugar cane and tobacco. Before the year 2002, corn was planted up to 2,000 m asl.

In the Shuitang area, the Yi people inhabit in high altitudes while the Dai and Han live in the low altitude. In the
area, landslides occur frequently as a result of deforestation and planting of crops. On August 24, 2002, there was a
severe landslide. Ten people died, hundreds of houses were washed away, two thousand people lost their homes. In
2002, Shuitang began to implement the official policy “Return the farmland to forest”. The people of Shuitang were
asked to plant bamboo (five varieties, Bambusa sp.) and walnut trees (Juglans cathayensis) in the abandoned farming
fields where the inclination of the slope is greater than 250, because bamboo and walnut trees were thought by the local
forestry station to be good for water conservation and for controlling soil erosion. Meanwhile, the local people could
gain economic benefits by selling bamboo products (mainly chopsticks, bamboo shoots and as material for making

paper) and walnuts. They are heavily dependent upon the cultivation of bamboo, walnut trees and sugar cane as cash
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Table 2 Ratios of sprouts to main stems in the overstory and mean densities + S.D. of seedlings per 0.01ha under

different coverage of bamboo in the understory for major canopy species in the four study sites. The data
on NA and EA are for 2005 and the data on NG and BG are for 2006.

Major canopy
species Overstory Understory
NA Coverage of bamboo
Sprouts / 0-5% 5-25% 26-50% 51-75% 76-100%
main stems (n=8) (n=11) (n=17) (n=23) (n=37)
(%) No. of seedlings / 0.01 ha
Lithocarpus
xylocarpus 7.4 2+0.7(43%) 1+0.6(12%) 1£0.5(0) - -
Castanopsis wattii 344 2+1.8(50%) 2+1.2(20%) - 1+0.7(0) -
Machilus viridis 19.1 5+4.1(53%) 3£2.5(57%) 2+1.4(35%) 2+1.2(14%) 1+0.5(0)
Schima noronhae 7.7 - - - - -
EA Coverage of bamboo
Sprouts / 0-5% 5-25% 26-50% 51-75% 76-100%
main stems (n=21) (n=28) (n=22) (n=13) (n=12)
(%) No. of seedlings / 0.01 ha
Castanopsis
remotidenticulata  17.7 2+0.9(48%) 1+0.6(26%) - - -
Lithocarpus
craibianus  66.0 2+1(30%) - - - -
Castanopsis fabri 57.1 1+0.6(36%) 1+0.5(14%) - - -
Machilus gamblei 48.7 3£1.8(63%) 3+1.5(20%)  1+0.6(19%) - -
NG Coverage of bamboo
Sprouts / 0-5% 5-25% 26-50% 51-75% 76-100%
main stems (n=20) (n=17) (n=10) (n=5) (n=2)
(%) No. of seedlings / 0.01 ha
Lithocarpus hancei 12.8 2+1 1+0.8 - - -
Castanopsis fleuryi 76.0 2+1.2 1+0.6 - - -
Alcimandra
cathcartii 10.2 1+0.9 1+0.9 - - -
BG Coverage of bamboo
Sprouts / 0-5% 5-25% 26-50% 51-75% 76-100%
main stems (n=23) (n=5) (n=2) (n=4) (n=1)
(%) No. of seedlings / 0.01 ha
Hartia sinensis 10.4 - - - - -
Manglietia orandis 12.5 1+0.4 - - - -
Castanopsis fleuryi 33.3 3£2 1+0.7 - - -

Notes:
n = number of quadrats sampled

NA: Northern crest of Ailaoshan, EA: Eastern slope of Ailaoshan
NG: Nankang of southern Gaoligongshan, BG: Baihualin of southern Gaonligongshan
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crops. From 2002 to 2005, they planted 665.1ha in bamboo, and 939.2ha in walnut trees. Though the areas of
cultivated rice and corn have generally been reduced, the local farmers think their life has improved, since corn and rice
do not grow well in this area. The indigenous people’s knowledge of wild plants and their use and management of their
plant resources has been fading away. In Fig. 5, which represents the people’s average knowledge of herbal medicine,
edible wild plants and fodder among age groups of 12 years each, one might expect a steady decline in the oral wisdom
over the years. In fact, periodic immigrations from high altitudes to low altitudes of Shuitang to escape landslides, have
resulted in three sharp breaks for the knowledge, between ages 51~66 (27%) and 64~76 (62%), 25~37 (12%)

and 38~50 (24%), 12~24 (3%) and 25~37 (12%) for the Yi people. The Yi people themselves say they have
sinicized, and they depend on the government for dietary supplement of rice and corn. With the disappearance of their
traditional livihg environments, much of the related knowledge on medicinal herbs, wild edible plants and fodder has

been lost or is in danger of being lost, along with their ancestral language.

2) The Gaoligongshan region

Rising between the Nujiang (Salween) and Dulongjiang (a tributary of the Irrawaddy) rivers, Gaoligongshan lies
in the border area between southwestern China and northern Myanmar between 24°40° and 28°30° N latitude. 17
nationalities inhabit in the region, including Han, Dai, Lisu, Lu, Bai (Lemo), Hui, Miao, Naxi, Dulong, Yi, Zhuang,
Achang, Jingpo, Wa, Deang, Pumi and Tibetan (Long et al. 1999a, Yang 2003). Most of them live in remote areas,
with very difficult access to transportation. They retain their traditional culture and subsistence practices. Some are
Christians; others are polytheistic, worshipping forests, trees, animals, lands, mountains and rivers. Collecting wild
plants as food supplement, health care and fodder are essential to their lifestyle. Our investigation concentrated on Lisu
and Lu people in the Nujiang area and Dulong people in the Dulongjiang area.

In this region some part of the forest are set aside as conserved forest, some as collective forest, and some are earmarked
for private utilization. The Lisu, Lu and Dulong ethnic groups have their sacred mountains or forests, where places are
protected. They mostly collect wild plants in the collective and private-utilization forest lands. Their worship of the
natural environment plays a positive role in the conservation of biodiversity in the region. From our investigation, we
found that almost every family knew and used plants as medicine, food supplement, vegetable and fodder. Our plant
collection, interviews and literature review showed that as a whole 154 plant species and fungi belonging to 122 genera of
74 families were closely related to the daily life of the 3 ethnic groups. They have unique knowledge regarding sustainable
utilization and conservation of natural resources. For instance, the Dulong people plant Alnus nepalensis in abandoned
lands after their swidden cultivation. They know, for instance, that: a) it is a fast-growing pioneer species which can
promote the succession of the forests; b) it can improve and fertilize soil (the root harbor nitrogen-fixing bacteria); c) the
leaves can be used as fodder; d) the branches and leaves can be used as fertilizer for farming land; e) it has strong sprouting
ability, and branches and sprouts can be used as firewood; f) the bark (which contains 7%~14% tannin) is good for
tannin extract; g) it can be used as medicine for diarrhea and pneumonia; h) the wood is light and slightly red, it is good

material for making tea boxes, handles, etc.; i) stems can be used for growing Auricularia auricula (an edible fungus).

A. Medicinal herbs
Based on the long-term experience of local dwellers, many diseases of the livestock and people have been cured
using medicinal herbs. Some species are planted and sold at the local markets for cash income. 73 species of 65 genera

in 42 families are commonly used by Lisu, Lu and Dulong ethnic groups (Table 3).
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Table 3. The plants and fungi used as medicine by the ethnic groups of the Gaoligongshan region.

Family name / species name Part used
Anacardiaceae / Toxicodendron vernicifluumm Berk. Resin
Araceae / Acorus tatarinowii Schott Rhizome
Araceae / Pinellia ternata (Thunb.) Breit. Stem tuber
Araliaceae / Panax japonicus C. A. Mey. Rhizome
Aristolochiaceae / Aristolochia moupinensis Franch. Stem
Asparagaceae / Asparagus sp. Rhizome
Berberidaceae / Mahonia mairel Takeda Stem, bark
Combretaceae / Terminalia chebula Retz Fruit
Compositae / Aucklandia lappa Decne. Root
Compositae / Crepis napifera (Franch.) Babc. Root
Convolvulaceae / Cuscuta sp. Whole
Coriariaceae / Coriaria nepalensis Wall. Root, leaf
Cornaceae / Cornus capitata Wall. Ex Roxb. Fruit
Crassulaceae / Rhodiola yunnanensis (Franch.) S. H. Fu Whole
Cucurbitaceae / Hemsleya amabilis Diels Earthnut
Davalliaceae / Nephrolepis cordifolia Presl. Whole
Dioscoreaceae / Dioscorea altheoides Knuth in Engl. Rhizome
Dioscoreaceae / Dioscorea pentaphylla L. Rhizome
Dipsacaceae / Dipsacus asper Wall. Root
Ericaceae / Cassiope selaginoides Hook f. Et Thoms Whole
Ericaceae / Craibiodendron yunnanensis W. W. Smith. Root
Ericaceae / Gaultheria forrestii Diels. Root, leaf
Ericaceae / Lyonia ovalifolia (Wall.) Drude Whole
Ericaceae / Rhododendron decorum Franch. Leaf, root

Ericaceae / Rhododendron delavayi Franch.
Ericaceae / Rhododendron microphyton Franch.
Ericaceae / Rhododendron moulmainense Hook. F.
Ericaceae / Rhododendron simsii Planch.

Ericaceae / Rhododendron spinuliferum Franch.
Eucommiaceae / Eucommia ulmoides Oliv.
Gentianaceae / Gentiana rigescens Franch. Ex Hemsl.
Gleicheniaceae / Dicranopteris pedata (Houtt.) Nakaike
Gramineae / Zea mays L.

Juglandaceae / Juglans regia L.

Labiatae / Leonururs japonicus Houtt.

Lauraceae / Cinnamomum parthenoxylon

Liliaceae / Cardiocrinum giganteum (Wall.) Makino

Liliaceae / Fritillaria cirrhossa D. Don
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Liliaceae / Polygonatum cirrhifolia Royle
Lindsaeaceae / Stenoloma chusanum (L.) Ching
Loranthaceae / Loranthus pasrasitia Merr.
Magnoliaceae / Magnolia liliflora Desr.
Magnoliaceae / Magnolia rostrata W. W. Smith.

Ophioglossaceae / Ophioglossum reticulatum L.

Orchidaceae / Bletilla striata (Thunb. Ex Murray) Rchb. F.

Orchidaceae / Dendrobium sp.

Orchidaceae / Gastrodia elata Bl.
Osmundaceae / Osmunda japonica Thunb
Plagiogyrieceae / Plagiogyria media Ching
Plantaginaceae / Plantago erosa Wall.
Polygonaceae / Polygonum aviculare L.
Polygonaceae / Polygonum multiflorum Thunb.
Polygonaceae / Polygonum chinensis L.
Polypodiaceae / Pyrrosia lingua (Thunb.) Farw.
Polyporaceae / Ganoderma lucidum
Polyporaceae / Polyporus umbellatus (Pers.) Fr.
Polyporaceae / Poria cocos Wolf.

Pteridaceae / Pteris biaurita L.
Ranunculaceae / Aconitum carmichaeli Debx
Ranunculaceae / Aconitum nagarum Stapf
Ranunculaceae / Cimicifuga foetida L.
Ranunculaceae / Clematis armandii Franch.
Ranunculaceae / Coptis teeta Wall.
Rubiaceae / Hedyotis diffusa Willd.

Rutaceae / Citrus medica L.

Rutaceae / Evodia rutaecarpa (juss.) Benth.
Rutaceae / Skimmia multinervia Huang
Trilliaceae / Paris spp.

Umbelliferae / Angelica sinensis (Oliv.) Diels
Umbelliferae / Bupleurum falcatum Ledeb.
Umbelliferae / Heracleum scabridum Franch

Umbelliferae / Notopterygium forrestii Wolff

Zingiberaceae / Alpinia blepharocalyx K. Schum.

Rhizome
Whole
Stem, leaf
Flower bud
Bark
Whole
False bulb
Stem, leaf
Rhizome
Rhizome
Rhizome
Whole, seed
Whole
Root tuber
Whole
Whole
Whole
Whole
Whole
Whole
Earthnut
Root tuber
Rhizome, stem
Whole
Root
Whole
Fruit

Fruit
Root, fruit
Rhizome
Root
Whole
Rhizome
Rhizome
Seed

B. Edible plants

Wild vegetables and edible fungi found in the forests become a major source of nutrition for the Lisu, Lu and Dulong

people and they are also a safety net in years of poor harvest. They use the edible plants in diverse ways. 62 edible

plant species of 47 genera of 34 families were found (Table 4).
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Table 4. The plants and fungi used as food by the ethinic groups of the Gaoligongshan region.

Family / Species Part used Manner of use
Actinidiaceae / Actinidia kungshanensis Fruit Fresh fruit
C.Y. WuetS. K. Chen
Actinidiaceae / Actinidia pilosula Stapf. Et H.-M. Fruit Fresh fruit
Actinidiaceae / Actinidia purpurea Reha. Fruit Fresh fruit
Actinidiaceae / Saurauia napaulensis DC. Fruit Fresh fruit
Agaricaceae / Collybia albuminosa (Berk) Petch Whole Vegetable
New leaf,

Amaranthaceae / Amaranthus tricolor L. seed Vegetable
Anacardiaceae / Toxicodendrom vernicifuum Berk. Seed Making edible oil
Angiopteridaceae / Angiopteris esculenta Ching Root tuber Starch
Araceae / Amorphophallus konjac C. Koch Root tuber Vegetable
Araceae / Colocasia esculenta Schott Stem tuber Starch
Araliaceae / Acanthopanax trifoliatus (Linn.) Merr. New leaf Vegetable
Araliaceae / Aralia chinensis L. New leaf Vegetable
Athyriaceae / Callipteris esculenta J. Sm. New leaf Vegetable
Auriculariales / Auricularia auricula Underwood. Whole Vegetable
Brassicaceae / Capsella bursa-pastroris Medic. Whole Vegetable
Brassicaceae / Cardamine hirsuta L. Whole Vegetable
Caesalpiniaceae / Bauhinia variegata L.

var. candida Voigt. Flower Vegetable
Cornaceae / Dendrobenthamia capitata Hutch. Fruit Fresh fruit, making wine
Dioscoreaceae / Dioscorea alata L. Stem tuber Starch
Dioscoreaceae / Dioscorea bulbifera L. Stem tuber Starch
Dioscoreaceae / Dioscorea hemsleyi Prain et Burk. Root tuber Starch
Dioscoreaceae / Dioscorea pentaphylla L. Stem tuber Starch
Elaeagnaceae / Elaeagus umbellata Thunb. Fruit Fresh fruit
Elaeocarpaceae / Elacocarpus braceanus Fruit Fresh fruit

Watt ex C. B. Clarke
Ericaceae / Rhododendron decorum Franch. Flower Vegetable
Euphorbiaceae / Phyllanthus emblica L. Fruit Fresh fruit & vegetable
Fagaceae / Castanopsis delavayi Franch. Seed Dried seed
Gramineae / Chimonobambusa yunnanensis Hsueh et al. New shoot Vegetable
Gramineae / Fargesia declivis Yi New shoot Vegetable
Gramineae / Fargesia edulis Hsueh et Yi Shoot Vegetable
Gramineae / Fargesia praecipua Yi New shoot Vegetable
Juglandaceae / Juglans cathayensis Dode. Seed Fresh & dried seed
Juglandaceae / Juglans regia L. Seed Making edible oil
Leguminosae / Pueraria edulis Pamp. Root tuber Starch
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Leguminosae / Pueraria thomsonii Benth. Root tuber Vegetable
Liliacaea / Allium wallichii Kunth Whole Vegetable
Liliacaeae / Polygonatum kingianum Coll. Et Hemsl. Rhizome Starch
Liliaceae / Allium bulleyanum (H. Léveillé) Airy Shaw Whole Vegetable
Liliaceae / Cardiocrinum giganteum Makino Bulb Starch
Liliaceae / Lilium davidii Duch. Bulb Starch
Liliaceae / Maianthemum fuscum LaFr. New stem & leaf Vegetable
Liliaceae / Maianthemum henryi LaFr. New leaf Vegetable
Liliaceae / Maianthemum oleraceum LaFr. New leaf Vegetable
Liliaceae / Maianthemum purpureum LaFr. New leaf Vegetable
Liliaceae / Maianthemum tatsiense LaFr. New leaf Vegetable
Meliaceae / Toona sinensis (A. Juss.) Roem. New leaf Vegetable
Moraceae / Ficus auriculata Lour. Fruit Fresh fruit
Palmae / Caryota urens L. Pith Starch
Pinaceae / Pinus armandii Franch. Seed Dried fruit
Polyporaceae / Ganphalium offine D..Don New leaf, flower Vegetable
Polyporaceae / Lentinus edodes Sing. Whole Vegetable
Pteridaceae / Pteridium aquilinum L. Kuhn (Braken) New leaf Vegetable
Pteridaceae / Pteridium revolutum Nakai Rhizome Starch
Ramariaceae / Ramaria sp. Whole Vegetable
Rosaceae / Crataegus scabrifolia (Franch.) Rehd. Fruit Fresh & dried fruit
Rosaceae / Docynia indica Decne. Fruit Fresh & dried fruit
Rosaceae / Rubus obcordatus Nguyen Fruit Fresh fruit
Saururaceae / Houttuynia cordata Thunb. Whole Vegetable
Schizophyllqaceae / Schizophyllum commune (Fr.) Fr. Whole Vegetable
Solanaceae / Solanum photeinocarpum Nakam et. Odash New stem & leaf Vegetable
Stemonaceae / Alteris stelliflora Hand.-Mazz. Whole Vegetable

C. Fodder resources
Wild fodder such as leaves, flowers and fruits are collected mainly to feed pigs. The local people strongly rely on
wild fodder from the forest, such as wild banana (Musa acuminata) or the leaves and fruits of fig (Ficus

gasparriniana) (Table 5). Oxen and goats also graze the wild fodder.
D. Other purposes

The people of the three ethnic groups make tools and daily necessities (hue-poles, basket material, fences, fertilizer,

dye material, fiber and incense, etc.) from non-timber forest products (Table 6).
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Table 5. The plants used as fodder by the ethnic groups of the Gaoligongshan region.

Family name / species name Part used
Balsaminaceae / Impatiens spp. Whole
Betulaceae / Alnus nepalensis D. Don Leaf
Brassicaceae / Cardamine macrophylla Willd. Whole
Caprifoliaceae / Viburnum cylindrium Buch.-Ham. Ex. D. Don New leaf
Gramineae / Most species of the family Whole
Moraceae / Ficus gasparriniana Miq. Fruit
Musaceae / Musa acuminata Colla Stem
Polygonaceae / Polygonum spp. Whole
Urticaceae / Gonostegia hirta (Bl.) Miq. Whole
Urticaceae / Pilea sp. Whole
Urticaceae / Urtica fissa E. Pritz. New leaf

Table 6. The plants used for other purposes by the ethnic groups of the Gaoligongshan region.

Family name / species name Part used Manner of use
Anacardiaceae / Rhus chinensis Mill. Bark Dye material
var. roxburghii (DC). Rehd. Bark Dye material
Betulaceae / Alnus nepalensis D. Don Bark Dye material
Cannabiaceae / Cannabis sativa L. Bark Fiber
Dioscoreaceae / Dioscorea cirrhosa Lour. Leaf Dye material
Ericaceae / Vaccinium gaultheriiflolium (Griff.) Fruit juice Material for solid tofu
HK. F. ex C. B. Clarke
Gramineae / Fargesia edulis Hsueh et Yi Stem Making containers
Gramineae / Sinarundinaria sp. Stem Material for making baskets
Gramineae Fargesia papyifera Yi Stem Building and farming tool
Juglandaceae / Juglans regia L. Bark, old root Fiber, dye material
Lauraceae / Litsea enosma W. W. Smith. Stem & leaf Incense and fragrant material
Moraceae / Broussonetia papyrifera (L.) Stem Fiber
L'Hérit. ex Vent
Ranunculaceae / Aconitum ouvrardianum Root tuber Arrow poison
var. pilopes
Ranunculaceae / Aconitum sp. Root tuber Arrow poison
Staphyleaceae / Turpinia affinis Merr. Et Perry Stem For growing mushrooms
Theaceae / Schima sp. Bark Incense
Thymelaeaceae / Edgeworthia gardneri (Wall.) Stem Fiber
Meisn.
Urticaceae / Boehmeria spp. Bark Fiber
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4. DISCUSSION
(1) Factors influencing forest regeneration

Forest regeneration is influenced by both biotic and abiotic factors. It has been found that some Fagaceae species
usually have had poor natural regeneration in their forest environment (Crow 1988, Thadami and Ashton 1995, Gardiner
and Hodges 1998). Miura and Yamamoto (2003) reported that light may be the most important factor in seedling
recruitment of Castanopsis cuspidate var. sieboldii at their sapling stage and their subsequent growth in Japan; similarly,
the low light level in the understory beneath dense bamboo Sinarundinaria nitida is a probable factor affecting seedling
establishment and survival in mountain forests in SW China (Taylor and Qin 1992, Liu et al. 2002b, Tang and Ohsawa
2002). This study indicates dense bamboo prevents survival of Fagaceae seedlings (Table 2). An inverse correlation is
found in all the 4 forests between bamboo coverage in the understory and the number of surviving seedlings for all
species. Though the major canopy species are somewhat shade tolerant, they still require a specific level of light
intensity for seedling establishment. According to the field observation and the growth rate of trees, the shade tolerance
of the major canopy species follows the order: Machilus viridis > Castanopsis watii > Lithocarpus xylocarpus > Schima
noronhae (Wang 1983, Xie et al. 1983). S.noronhae is usually a pioneer species which grows after major disturbances,
its co-dominance in the canopy layer in NA is probably due to cutting activities that occurred 40~50 years ago.
Lithocarpus xylocarpus appears only in the canopy layer. The population of L.xylocarpus may disappear from the forest
in future if its poor regeneration continues. The poor regeneration of the major canopy tree species is probably
attributable to intense bamboo growth and a closed canopy, and consequent low level of light at ground level. The
presence of bamboo Sinarundinaria nitida, in the understory is a common phenomenon in the mid-montane moist
evergreen broad-leaved forest (Jin 1983). Its spread in the forests is a possible result of past major disturbances (Li et
al. 2000). We found that the density of bamboo did not diminish with the increase of canopy closure. Finding a
method of controlling the spread of bamboo may be important for the continuing survival of the forests.

Among factors affecting oak regeneration that were not measured for this study are damage to seed by insects and
vertebrates, on the one hand (Herrera 1995, Fukumoto and Kajimura 2001), and on the other, seed dispersal by animals
on which the regeneration of some oak species is strongly dependent (Griffin 1971, Borchert et al. 1989, Chambers and
Macmahon 1994, Jensen et al. 2004). Ongoing monitoring on the sites should contribute to a more comprehensive

understanding of the regeneration and survival of these Fagaceae species.

(2) Conservation and the utilization of the natural forests

In Shuitang on the eastern slope of Ailaoshan, the Yi people on the mountain have been losing such cultural wealth as
their knowledge on medicinal herbs, edible plants and fodder (see Fig. 5). Their interdependence with the forest is -
now a thing of the past. They have suffered landslides as a result of clearing and planting of crops which have not thrived
and have failed to provide a sustainable lifestyle. On the other hand, physical environment and the traditional life-style
have enabled the Lisu, Lu and Dulong to maintain their knowledge on medicinal herbs, edible plants and fodder.

Non-timber forest products are biological resources that are harvested from either natural or managed forests (Peters
1999). They include fruits, nuts, oil seeds, resins, gums, medicinal plants, spices, wildlife and wildlife products, dyes,
ornamental plants, and raw materials. The sustainable harvest of non-timber forest products is a means of generating
economic benefits without compromising their conservation (Plotkin and Famolare 1992, Leakey and Newton 1994) .
The relatively low impact of harvesting most non-timber forest products, compared to extracting timber, suggests that

they may make a positive contribution to sustainable development, enabling forest biodiversity to be conserved while
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augmenting the economic options available to the rural poor (Plotkin and Famolare 1992, Falconer 1996). The Lisu,
Lu and Dulong people have depended on non-timber forest products resources which not only provide them with the
daily necessities but also bring income for them as they remain in the mountain areas, selling herbal medicines in the
local markets. Collecting plants is an important part of their daily life, and their religions and worship of the forests,
rivers and mountains has guided them well, and kept them from over-harvesting. They have also cultivated several
medicinal species. This not only provides cash income, but also, to a certain extent, conserves the biodiversity. Our
results from the Gaoligongshan region affirm that the natural diversity and the cultural heritage have become invaluable

resources in the area (Fig. 6).
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Asian elephants in human-dominated landscapes: rogue crop predators,
kind seed drivers
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1. BACKGROUND

The Asian elephant (Elephas maximus) is a species of global concern due to its cultural and ecological significance
that has become Endangered (IUCN 2004) after disappearing from ca 95% of its historical range (Sukumar 2006). The
rapid decline of Asian elephant populations in recent decades has been driven mostly by habitat loss and fragmentation,
poaching, and increasing levels of human-elephant conflicts (HEC, Sukumar 1989). The latter is particularly true in
South Asia, where elephants live in developed areas in close contact with humans (Leimgruber et al. 2003), which
ensures conflict in the form of crop raiding and attacks on houses and people.

Sri Lanka is home to a population of 2,000~4,000 elephants (Santiapillai & Jackson 1990, Jayewardene 1994).
Many of these elephants range in human-dominated landscapes outside protected areas where they frequently use paddy
fields, banana plantations and other crops for feeding. To avoid crop losses to elephants, farmers make night guards in the
cropping seasons, and repel elephants from entering the crops. In some cases elephants break through the walls of houses
to feed on rice storages, which results in high levels of stress for both, villagers and elephants. This continuous struggle
has resulted in fear and hatred from elephants toward people, and many fortuitous encounters of people with elephants in
the forest end up fatally. Farmers respond killing elephants. Between 30 and 50 people, and more than 150 elephants, are
estimated to die annually in Sri Lanka in HEC-related incidents. HEC in Sri Lanka poses a serious social problem and is
the single main threat for elephants. Wildlife managers face the difficult task of combining efforts to protect an
endangered species with such a negative impact over the lives and livelihoods of people.

The raiding behavior is not evenly distributed among elephants. Campos-Arceiz (2006) found that most of HEC
incidents in SE Sri Lanka are caused by small groups of 1 to 3 elephants, suggesting that males bear a disproportional
responsibility on the conflict. This is coherent with the hypothesis of “high risk-high gain” behavior proposed by
Sukumar & Gadgil (1988). HEC incidents are also unevenly distributed in time and space. While some areas and
periods are very prone to conflict incidents, others are not. Identifying the temporal and spatial patterns of HEC
occurrence is the first step towards establishing prevention strategies. Understanding the reasons for these patterns is the
only way to understand why elephants prefer to eat crops in spite of the associated risk of getting into conflict with
people.

Moreover, the local disappearance of elephants can result in important but poorly understood ecological
consequences. Elephants are unique in terms of their functional properties (sensu Dennis & Westcott 2006): being the
largest terrestrial animals, they daily consume large amounts of food which results in serious disturbance for vegetation,

they mobilize large amounts of nutrients through their feces, and probably they also contribute to vegetation dynamics by
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means of seed dispersal (Sukumar 2006). Are Asian elephants as much of a key species as the savanna elephants? If so,
conserving elephants is not only a matter of keeping them within a few “elephant reserves” and more complex,
landscape-level solutions must be envisaged.

We have conducted fieldwork around Yala National Park, southeastern Sri Lanka, with the objective of studying: 1)
the movement patterns of a male Asian elephant in an area highly affected by HEC; 2) understanding the patterns and
mechanisms of HEC incidents on the villages surrounding the park; 3) understanding the relative contribution of crops to
the diet of elephants; and 4) to get an insight on the ecological function of elephants in forest dynamics by means of seed

dispersal.

2. STUDY AREA

The southeastern region of Sri Lanka (6°45°-21°N, 81°7°-31°E) is a dry tropical zone with a bimodal rainfall pattern.
The main rainy season comes from September to December and the dry runs from May to mid-September, with the
maximum drought occurring in August and early September. Average annual precipitation ranges from 1,000 to 2,000
mm. The vegetation is dominated by scrubs and semi-evergreen dry monsoon forests. Water is limited during the dry
season and the main sources of water are a few rivers and a series of seasonal and permanent “tanks” (water reservoirs
for irrigation purposes).

An extensive complex of NPs, including Yala, Lunugamvehera, and Bundala (Map 1), covers an area of more than
1,500km?” and constitutes important habitat for elephants in the region. Elephants are abundant both inside and outside

the parks. Outside the park complex human population is rapidly increasing, and elephant habitats are being lost.

Map 1 Southeast Sri Lanka. The dark star indicates the location where Gajaba was collared and found later; Gray labels

indicate the areas monitored for human-elephant conflict; Light gray label: indicates Yala National Park
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Fig.1 Temporal patterns in HEC incidents in SE Sri Lanka. Data from the four study sites are pooled together in
this graph to show the general seasonal patterns of elephant raiding behavior

Light box represents months of severe drought; Dark box represents main cropping season in the area

3. METHODS
(1) GPS tracking
On April 2005 we set a GPS-VHF collar on a young male Asian elephant (named Gajaba) in Ilukpitiya, on the

northern border of Yala National Park. We used a radio receiver to track the movements of this elephant in the field.

(2) Monitoring of HEC incidents
From August 2005 to July 2006 we monitored the occurrence of HEC incidents in four study areas around Yala NP.
The areas are Mattala, Gonagangara, Okkampitiya, and Kotiyagala (see Map 1). In each of these areas we trained and

hired a local person to record each incident in the form of crop raiding, attack to houses or people, produced by elephants.

(3) Food habits

From August 2005 to July 2006, ten dung samples were monthly collected in two of the study areas, Mattala and
Okkampitiya, in order to study the composition of elephant diet using microhistological analyses (Stewart 1967). A
reference collection of the epidermis of crops and wild plants present in the study area were collected and preserved to

facilitate plant identification in dung samples.

(4) Seed dispersal by elephants

On the same two areas, 30 dung samples were collected on a monthly basis to identify and quantify the seeds
dispersed by Asian elephants. One bolus from each dung pile was taken and gently washed over a 0.5mm mesh-size
sieve. All seeds retrieved were preserved and later contrasted with a reference collection of wild and crop seeds for
identification. Plants were classified according to their life forms (tree, shrub, climber, forb, grass), original habitat
(forest, scrub, open areas), and origin (native vs. alien species). At present we have analyzed approximately 70% of

the samples, so results in this section should be considered preliminary.
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4, RESULTS
(1) Tracking of elephant movements

We failed to get GPS or radio signals from Gajaba, the collared male Asian elephant. From September to December
2005 the elephant was intensively searched using (1) day and night searches from a vehicle using VHF receiver and yagi
antenna, (2) walking forest transects with receiver and antenna; and (3) interviews to local people regarding the
presence of elephants. In December 2005 we found Gajaba nearby the point where it had been collared. At this time we
could confirm the malfunctioning of the GPS-VHF collar, and the movement tracking work was aborted. No further

elephant collaring was possible during this period.

(2) Monitoring of HEC incidents

From August 2005 to July 2006 we recorded a total 410 incidents in the four monitored areas (range =37~172 per
area). Most of incidents occurred in the form of crop raiding by elephants (91.2% of cases), but attack on houses
(7.8%) and people (1%) were also remarkable. In this period six people were killed by wild elephants in two of the study
areas. Two thirds of the conflict (66% of incidents) occurred in just five months: August-September (driest period ofthe

year) and January-March (main cropping season).

(3) Crops in the diet of elephants

Sampath K K. Ekanayaka visited Japan in May 2006 to receive training on micro-histological analyses of herbivore
feces. A collection of the epidermis of the main elephant food plants and crops has been elaborated since then. Dung
samples have been also analyzed at the microscope, but unfortunately data has not yet been analyzed and cannot be

included in the present report.

(4) Seed dispersal by elephants

Seeds were found in 100% (N=251) and 92.1% (N=143) of the samples analyzed in Okkampitiya and Mattala,
respectively. Preliminary results indicate that at least 54 different plant species are dispersed by elephants in the study
area. Plants from the families Poaceae (grasses) and Leguminoseae (legumes) were clearly dominant in elephant dung,
accounting for 48% and 26% of the identified species (Fig. 2a). In terms of life forms, grasses (45%) were clearly
dominant, although trees (23%) and shrubs (14%) were also common (Fig. 2b). By habitat, plants from open habitats
(40%) were more abundant than those from forest (16%), scrub (20%), or crops (24%; Fig. 2c). Almost 40% of the

plant species found in elephant dung belong to non-native species (this figure includes crop species, Fig. 2d).

5. DISCUSSION .

This study provides sound information on the ecology of Asian elephants in relation to the conflict with local people
and their ecological services in a human-dominated landscape of South Asia.

Unfortunately the efforts to track the movements of the young elephant male, Gajaba, didn’t come to good term. At
present there is very limited information on the space use and requirements of Asian elephants. In areas affected by HEC
understanding the use of space by male elephants, and its relationship with seasonal variations and their reproductive
condition, might be a key step towards the development of land use policies compatible with elephant conservation.
However, as experienced in this project, elephant tracking is costly in terms of budget, time, and manpower. For future

tracking attempts in this area we recommend the use of ARGOS technology for data transmission. Although this method
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Fig.2 Distribution of plant species dispersed by Asian elephants in SE Sri Lanka
a) by families; b) by life forms; c) by habitats; and d) by their origin

is more expensive than the use of GSM networks or UHF downloading devices, it permits to obtain the data wherever the
animal is, and therefore reduces uncertainty on whether a lack of information is due to the animal moving into shade
areas, or by a malfunction of the collar.

As described by Campos-Arceiz (2006) in the SE of Sri Lanka the occurrence of HEC incidents has marked
temporal patterns. Elephants are much more likely to get into conflict in two particular periods: (1) during the peak of
the dry season, and (2) during the peak of the cropping season. The SE of Sri Lanka is a dry area in which drought can be
severe, especially by the end of the southwest monsoon. By August and early September, forage resources in natural
habitats can be very limited for elephants. For the very same reason (lack of water) crops were traditionally scarce in the
area, limited to small home gardens around people’s houses. However, in recent decades, agricultural development in the
form of irrigation has profoundly modified this traditional scheme. At present irrigated paddy fields and large banana
plantations can be found throughout the region. The combination of low food resources in natural habitats and abundance
of attractive agricultural food items results in the peak of conflict found during August and September.

So far this is the most detailed analysis of seed dispersal by Asian elephants. We found that elephants disperse the
seeds of a large amount of plant species (54+), especially if compared with previous information in South India (11
species, Sivaganesan & Johnsingh 1995) or Thailand (7 species, Kitamura et al. 2007). The reason for this difference
in the number of species is probably methodological, since this is the first study to examine elephant dung using a
small-size mesh, and therefore identifying small seeds. Indeed grasses are the most common type of plant identified.
Whereas frugivory (consumption of fleshy fruits) might be relevant for elephants in the forests of SE Asia, such as those
from Myanmar (Campos-Arceiz pers. obs.) or Thailand (Kitamura et al. 2007), in South Asia it seems to be
quantitatively much less important (Sivaganesan & Johnsingh 1995, present study). Asian elephants use different
habitats in their daily movement patterns (scrub and forest at daytime and open habitats at evening, night, and early

morning). We found that elephants can transport seeds from these different habitats, into each other. For example,
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elephants can consume and disperse forest species into open areas during their nocturnal feeding. In SE Sri Lanka these
open habitats are frequently abandoned slash-and-burn crop fields, at an early stage of the succession process. Elephants
contribute to this succession, accelerating the arrival of forest species into these areas. It is remarkable too that elephants
are generalist herbivores and their diet is very flexible according to habitat conditions. As more non-native plants are
present in the landscape, elephants are incorporating these species into their diets. Due to the relatively large home ranges
of Asian elephants, they can constitute a dangerous vector for invasive species.

Future efforts on the understanding of the raiding behavior of elephants in the study should be oriented to understand
whether crops constitute a critical component of elephant diet during the dry season, or whether it is just comparatively
more attractive than natural forage. This is important for the management implications. In the first cases (crops are
necessary) the management priorities would be to increase the available food in natural habitats by habitat enrichment
and to increase tolerance to crop losses in this period. In the second case, elephants should be completely prevented from
accessing crops in order to avoid the development of crop eating habits. The efficacy of prevention methods like different
fencing strategies, the use of chemical repellents (like chilly), and new creative ideas should be scientifically tested in

order to help wildlife managers and policy makers on their decisions.
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Photo 1 Rogue Asian elephant bull. In Sri Lanka most Photo 2 Tracking Gajaba with a VHF radio receiver
of bulls are tuskless (Photo by A.Campos-Arceiz)
(Photo by A.Campos-Arceiz)

Photo 3 Gajaba with the malfunctioning collar Photo 4 Paddy field trampled by elephant herd
(Photo by S.K.K.Ekanayaka) (Photo by A.Campos-Arceiz)
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Photo 5 House attacked by a male elephant to feed on
stored rice
(Photo by A.Campos-Arceiz)

Photo 6 Sampath Ekanayaka with Professor Takatsuki
during his visit to Japan in May 2006
(Photo by S.Takatsuki)

Photo 7 Maila (Bauhinia racemosa) seeds retrieved
from elephant dung
(Photo by A.Campos-Arceiz)

Photo 8 A seedling of woodapple (Feronia limonia)

emerging from elephant dung
(Photo by A.Campos-Arceiz)
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Photo 9  Elephant footprints in a paddy field
(Photo by A.Campos-Arceiz)
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The patrol for the conservation of orangutan habitats and the distribution of
orangutan nests in Kutai National Park, East Kalimantan, Indonesia

Akira Suzuki”, Johansya?, Amat?

Summary

Our patrols had been done for the conservation of habitats of orangutans in Kutai National Park, Indonesia. Including
the villagers from Sangatta, the patrol party was composed of several persons and patrolled the forest every month.

The surveys on orangutans nest’s distribution reviewed the important position of Kutai National Park for the
conservation of orangutans and the wild life of Kalimantan, Indonesia. Surveys were conducted with various forms, such
as the helicopter survey from the air (Other funds). Our survey serves as preliminary arrangements of this helicopter

investigation.

1. INTRODUCTION

We have been conducting the patrol for the redacting the timber cutting and farming in the area of the Kutai National
Park since after the second forest fires in 1998. We have reported the illegally loggings to the National Park office at
Bontan. Because we have not police rights for the illegal logging, so in order to drive them out completely, they must be
arrest somebody like a police.

This signboard (photo 2) was made by the illegal logger. We confiscated these boards. And we replaced with new
one. He (photo 1)is a real owner who has a right using this forest. Such a signboard is effective in order to prevent
logging.

Our patrol made the illegal logging reduce in the National Park. However, in order to make this patrol more
effectively, it is necessary to continue these patrols further from now on.

We also surveyed the distribution of orangutans’ nests. Detailed investigation was conducted especially in June 2006.
Many nests were seen along the river; S.Sangatta river, S. Melawan river, and S jeley river.

But the illegal logging actions had increased rapidly and expanded widely from the end of the August to September
2006, when arriving the new information on which new committee started to discuss about the released areas where will
be divided to public from the National Park area. We could do nothing at all to such an illegal public powers of dwellers
in the situation of Indonesia.

But we think it should be complicated for the conservations of the orangutan habitats and we have to make an effort to
reduce the illegally logging in the National Park. The dwellers illegal actions increased in number and The National Park

could not stop it at all.

2. THE SURVEY OF THE NEST DISTRIBUTION OF ORANGUTANS

The results are shown on Fig.1 on the distributions of orangutans in the areas of S.Melawan river and S.Sangatta river

1) Japan-Indonesia Orangutan Research and Conservation Committee, 5-11-8 Ikuta Tama Kawasaki, Japan
2) CampKakap TNK, Sangatta, Kutai Timur, KAL TIM, Indonesia
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area in the north-Eastern part of Kutai National Park and S. Jelly river area (Fig.2 & Fig.3).

And the nest numbers which we counted on the helicopter surveys on 13-15 Nov. 2006 and the Pre-investigation
surveys are shown on the same Fig.1 & 2.

We are conformed that Kutai National Park has unique position for the conservation of orangutans in East

Kalimantan even after the second big forest fires in 1997 and 1998.

Fig. 1 Patrol and research areas and the distribution of orangutans in East Kutai, Kal.Tim
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Fig.2 Patrol area and nest distributions in S. Sangatta and S. Melawan area
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Photo 5 Good forest where a big tree remains

Photo 6 Orangutan
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Photo 9

Photo 11
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Human-wildlife conflict in the north of Odzala National Park,
Republic of Congo

Mikiko Hagiwara

SUMMARY

In the villages along the northern boundary of the Odzala National Park in Republic of Congo, damages of crop
raiding by elephants and other wildlife were investigated from November 2005 to September 2006 and effectiveness of
preventive measures were examined. In village Mielekouka 40 farmers’ fields (88.9%), and village Goa, 27 farmers’
fields (37.5%) were devastated by elephants both inside and outside the park. The damage level has intensely increased
compared with the past record collected by park officer, and incidents occurred all through the year, which gave serious
impact on villagers’ lives. Their principal food plantain banana was especially proffered by elephants and gorillas.
Farmers seldom took preventive measures to protect crops due to fear of elephants and resentment to the park authority,
but making fire and vigilance done by a few farmers showed effectiveness. Among the experiments by the investigator
practiced in a field being raided by elephants, a barrier of long cloth soaked with used engine oil and chili pepper could
keep elephants away for 3 months. Since most of farmers refuse everyday work for protecting crops, this method is

expected to be developed.

1. INTRODUCTION
(1) Background to the study

In all range states of African elephants, conflict between people and elephants has become a serious problem,
especially in competing food which farmers grow (Hoare 1999). Many researches and wildlife authorities have been
studying this issue and various preventive measures have been developed. However, in the tropical forests in Central
Africa, the best solution is not established because of its agricultural style and surrounding dense forests.

Odzala National Park in the northwestern part of Republic of Congo was expanded in 2001 and local people in small
villages located along the northern border of the park have been involved in ‘conservation’ since then. At the same time,
however, because of the rampant incidents of crop raiding by elephants, gorillas, chimpanzees and bongos, villagers have
been suffered from hunger and loss of cash income. Park staff had been collecting damage data, and the government
recognized this as a serious problem, but they lacked expertise to systematically investigate the issue to find the best
solutions. This has caused adverse sentiment of villagers toward local authorities, while the cooperation and
understanding of local people is inevitable for sound management of the protected area. This project was conducted for
the urgent need to systematically investigate the situation of the conflict between wildlife and people to find a sustainable

solution, in collaboration with local officers.

(2) Objectives

1) To investigate the damage of crop raiding by wildlife systematically and spatially to clearly figure out the extent
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and its influence to villagers in the northern Odzala.
2) To support preventive measures which villagers take and examine its effectiveness.
3) To investigate and analyze ecological aspects of crop raiding by wildlife.

4) To make a proposition of sustainable measures to manage human-wildlife conflict.

(3) Study Area

Odzala National Park is located at the north of the equator in Republic of Congo in Central Africa (0°09°-1°35°N,
14°18°-15°21’ E). Created in 1935 with the size of 2,850km?, the park was extended to 13,200km’ in 2001 and
renamed Parc National d’Odzala-Kokoua (PNOK). Since 1992 ECOFAC-Conservation and rational use of forest
ecosystems in Central Africa- has started conservation and development program in collaboration with the Congolese
Government; Le Ministére de ’Economie Forestiére et de 1’Environnement (MEFE). Vegetation of the PNOK
consists of a forest-savanna mosaic in the south and the wet tropical semideciduous forest to the north. Most of the
forest is semi-evergreen, with a fairly open canopy and a dense Marantaceae understory; most of the rest is taken up by
swamp-forest (Maisels 1996, ECOFAC 2004) . The climate is characterized with the moderately high temperature
of 23 to 25°C, annual rainfall of more than 1,500mm, with relative humidity always higher than 80% (Maisels 1996).
The bimodal rain seasons consist of ‘major rainy season’ from mid September to November, ‘minor dry season’ from
December to March, ‘minor rainy season’ from April to June and ‘major dry season’ from July to mid September in the

north of the park.

(4) Human activities

A main road connecting two district towns, Mokeko and Sembe, forms a part of the northern boundary of the park.
Along the boundary, there are 8 villages with the populations of over 100 and between them small villages with several
households are located (Fig.1). They live on subsistence agriculture mainly consisting of plantain banana and cassava,
plantation of cacao and small hunting. They demonstrate slash-and-burn cultivation of 2~3 year cycle in nearby forests

inside and outside of the park.

(5) Human-wildlife conflict in the north of Odzala

Since 2001 crop raiding by wildlife was recorded in the 7 villages: Miele-kouka, Goa, Zengabouth and Douma by
elephant, Komo, Kokoua, Biessi, by gorilla, and Seka, by bongo (Kinzonzi 2005). In 2003 village Zengabouth was
evacuated due to elephants’ crop raiding. Conflict was mostly crop raiding, and human death or injury did not occur,

whereas illegal hunting of elephants was constantly detected inside the park for ivory and meat.

2. METHODOLOGY
(1) Investigation of crop damage caused by wildlife
1) Collection of basic data of agricultural zone

Based on the past record, 2 villages, Miele-kouka and Goa, where elephants most frequently raided crop fields, were
selected to conduct a pilot study of agricultural zone and geographical distribution of crop damage. All the crop fields
cultivated in 2004 and 2005 were visited, guided by owners of fields, and their locations were recorded with GPS (Global
Positioning System) Garmin 76 and mapped with GIS (Geographic Information System), ArcView GIS 3.2. In each

visit presence of wildlife in the past was asked to owners of the fields.
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Fig.l Small villages with several households along the northern boundary of the park

2) Collection of crop damage data

Monitoring of crop damage was done in 4 villages, Kokoua, Miele-kouka, Goa and Komo by a reporting system by
farmers. In Miele-kouka, incidents of crop raiding were reported directly to the investigator based in the village.
Damaged crops were counted by number of roots and locations of the damaged fields were recorded with GPS. Number
of elephants which raided field was also recorded if known. In Goa, incidents were reported to an employed enumerator,
and in villages Kokoua and Komo, reported to the village chief. Number of damaged crops was recorded in provided
sheets, and the investigator verified locations of fields and damage level in a monthly visit. In each damaged field, field

size was estimated by measuring longitude and latitude with GPS.

(2) Evaluation of preventive measures by villagers and experiments

Farmers seldom took preventive measures due to fear of elephants, resentment to the government which had not
taken measures, and reluctance and lack of manpower for additional labor. In Mielekouka if any preventive measure was
taken by farmers, its effectiveness was monitored. Investigator also tried some simple preventive methods in farmers’

fields where elephants were frequently raiding, and their validity was monitored by weekly visit.
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(3) Investigating ecological factors of crop raiding

Simple phenology study was conducted along a 4.5km path into the park from the village Mielekouka in order to see
relation between fruiting season of trees and elephants and gorillas’ migration. Within 5m in both sides along the path,
trees whose fruits elephants and gorillas prefer to eat (Maisels 1996) were identified and monitored its fructification in

a monthly basis. Elephants’ paths to the raided fields from the forest were also traced to investigate its utilization.

3. RESULTS
(1) Crop damage by elephants

In the village Miele-kouka and Goa, agricultural zone ranges 4.5km east-west, 5.6km north-south surrounding the
main road and villages (Fig.2). In Mielekouka, 41 farmers cultivated 79 fields of food crops, among which 51 fields
(64.6%) were raided by elephants in 2004 and 2005. In Goa, 71 farmers cultivated 86 fields of food crops, among which
36 fields (41.9%) were raided by elephants.

In the 3 villages including Komo, crop damages were recorded for 11 months from November 2005 to September
2006 in 107 fields in total; 65 fields of 40 farmers (88.9%) in Mielekouka, 38 fields of 27 farmers (37.5%) in Goa,
and 4 fields of 3 farmers in Komo. Among them 11 were cacao plantations. The average size of the devastated fields was
7,137.7m* (n=82), excluding cacao plantations and fallow lands with only plantains remained. In fields of mixed
cultivation of several crops, elephants primarily damaged plantain banana trees, followed by cassava, maize, cacao trees,
and papaya. Among crops cultivated, only okra and chili pepper were not eaten, but trampled. Total number of damaged
plantain was 10,361. Average loss of plantain per farmer was 148, which is equivalent to food loss for 9 to 14 months per
household. It was difficult to estimate percentage of damage per field as sometimes a part of crops had already been
harvested, and density of crops varied from farmer to farmer, but in 24 fields, elephants devastated them repeatedly until
all of the crops were finished. Total economic damage amounted to 24,450,249FCFA (US$44,455; US$1=550FCFA)

excluding indemnity of cacao, based on the unit price for indemnities designated by the government (Table 1).

Village Komo . Outside the park |
* Village Goa
¥ a
*
Village Mielekouka
Village Yongolo ot

bt P ’ ,
@A fields raided by elephants (2004. 5. 06) , ¥ R R
OO fields not raided by elephants ¢ wd 574 .

*  fields raided by gorillas Inside the park N
===z MAin road/border of the park
—— path to the fields
residential area 1 1 1 2 Kilomsters
\

Fig.2 Agricultural zone and locations of crop fields in villages Mielekouka, Goa and Komo
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Table I Types and number of crops damaged in three villages (Nov. 2005 to Sep. 2006)
Number of damaged stems Unit Total
crops Mielekouka Goa Komo Total price (FCFA)
(FCFA)

plantain bananas 5,559 4,159 643 10,361 2,303 23,861,383
cassava 2,712 963 0 3,675 30 110,250
maize 595 297 783 1,675 4 6,700
papaya 81 227 4 312 1,500 468,000
sugarcane 154 46 200 143 2,860
Pineapple 22 11 0 33 32 1,056

TOTAL 24,450,249
cacao | s2| 32| 101 585

(2) Crop raiding pattern by elephants

While crop raiding occurred all through the year, the peaks of damage were observed in the minor dry season from

June to August in Mielekouka, and the major dry season from January to March in Goa (Fig.3). From July to September

there were seldom incidents in Goa, but damaged area shifted to the fields in Komo, 5km east to Goa. Among damaged

fields, 48.6% were inside the park and 51.4% were outside the park. The damages were seasonally localized, which was

partly because elephants completely destroyed certain fields and shifted to others. Elephants which raided fields varied

from one bull to a group of two to five or six judging from the tracks left in the fields. Most raids were made in the

absence of farmers during the nights.

(3) Preventive measures and experiments

Among the methods taken by farmers and the investigator, making fire, vigilance and a barrier of used engine oil

were effective to keep elephants away from the fields (Table 2).
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Table 2 Preventive measures taken by the farmers and the investigator

Method

Practitioner &

Results

Evaluation

and rags soaked in engine
oil and chili (Osborn &
Parker 2002)

farmer

elephants did not pass until 12 rags (30
X40cm) were removed. After removing
them, they destroyed string fence and
entered in the field.

Place

1. Fire: Making big fires in | Farmers In the nights when they made fires, | Effective, but rain can kill
entrances of elephants to | in 5 fields elephants did not visit the fields, or they | fires, necessary to do it
the field, without vigilance. did not approach up to 10 to 20m to the | every evening. .

fires.
2. Vigilance: Farmers stay | Farmers When elephants approached to the field | Effective, but necessary to
overnight in the field with | in 4 fields (recognized by the noise they walk in | stay every night.
making fires. the forest), farmers made noise, which

prevented elephants’ visit.
3. Weeding: Clearing weeds | Investigator One month after weeding, an elephant | No effect, but the first
so that elephants are | in 2 fields of | started to devastate peripheral weedy | damage can be minimized.
scared to enter a visible | the farmers areas, avoiding the weeded place, but
field. (Osborn & Parker later it visited repeatedly and devastated
2002) all the banana trees.
4. Elephant dung: Mixing | Farmer A farmer put dung on certain plantains, | Effective if dung is put
elephant dung with water, | in a field which elephants did not eat but ate others | thickly (no effect if too
and putting it on leaves and without dung smell. The investigator put | much water). Heavy rain
trunks of plantain so that | Investigator dung on 159 plantains among 185. One | can remove dung. Necessary
elephants avoid their dung | in 2 fields of | week later elephants ate 33 trees with | to put repeatedly.
smell. the farmers dung and 10 without dung, but at the

second visit they destroyed all.
5. Physical barriers: Putting | Investigator In a border of the field (200m) where a | Physical and noisy barriers:
string fence with maracas | in 1 field of a | string fence was put, for 3 months | no effect.

Smell of engine oil: probably
effective?

6. Smell
barriers: Blocking entrance

and physical
of elephants with long
cloths soaked in engine oil
and chili.

Investigator
in 1 field of a
farmer

Clothes were put at one side of the field
(60m) where elephants were passing
though almost everyday. For 3 months
elephants avoided that part and entered
at another side.

Effective? Need to follow
up.

(4) Crop raiding by gorillas and chimpanzees

Gorillas raided 1,457 plantains in 14 fields in Komo, 62 plantains in 5 fields in Kokoua, and 78 plantains in one field

in Mielekouka. Same as elephants, gorillas eat banana trees by tearing trunks. In Komo, incidents happened sporadically

from January to September, while in Kokoua they happened only for 3 months from December to February. Zones of

crop raiding by gorillas and elephants did not overlap in Komo. Chimpanzees marauded cacao fruits in 3 fields in Goa

and Komo only in the ripening season of cacao; April to September. Gorillas and chimpanzees appeared early morning or
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evening before dark, avoiding presence of people.

(5) Ecological factors of crop raiding

48 trees and vines of 20 species, among which 12 species were elephants’ food, also 12 species were gorillas’ food,
were identified and observed in the path from February to August 2006. For 7 months, 7 species fruited, but they did not
concentrate in a certain period. 2 boulevards of elephants leading to crop fields were found inside and outside the park in
Mielekouka. They were frequently used for distances of 650m and 770m from the fields.

4. DISCUSSION
(1) Increase of damage level of crop raiding by elephants

Compared with the past record of marauds from 2001 to 2004 (Kinzonzi 2005), damage level became severer
during the study period. The numbers of victims were 13, 15, 20, 24 from 2001 to 2004 respectively, and it rose to 69 in
2006. The economic damage was 6.5 times as much as in 2003 which was the biggest amount in the past. Geographically
crop raiding used to happen mainly inside the park, but fields both inside and outside of the park were equally raided by
elephants. This increase can be partly considered due to intense investigation. However, other new phenomena such that
traces of elephants crossing the main road between Mielekouka and Goa became frequently seen, and elephants appeared
just behind the houses in Goa, indicate that elephants tend to utilize the forest surrounding the villages more frequently
than the past.

Along with the increase of incidents of crop raiding, its impact on villagers’ lives has also become serious. In
Mielekouka especially, since large majority of fields were raided, the rest of crops were reserved for self consumption,
and rarely sold. Their source of income, which used to be buying and selling farm products (Village chief of
Mielekouka, pers. comm.), has turned to be small hunting on a commercial basis. Intensification of crop raiding has
possibly led to increase of hunting pressure on small wildlife. This tendency and situation should be continuously

investigated.

(2) Seasonality of crop raiding by elephants

Seasonality may not be a predictable factor of crop raiding in the north of Odzala. A crop raiding pattern that
elephants move to agricultural zones by following mature food in crop fields or fruits in the forest was observed in Ghana
and another park in Congo (Dudley 1992, Ongogunongo et al 2006), and also in the south of Odzala (Hagiwara 2005),
but the relation with maturity of crops and fructification in the forest was not observed in the study site. Plantain banana
which was raided most was eaten at all stages of growth; from seedling, low tree to matured tree. Cassava is also
available throughout the year. Field crop possibly attracts elephants as a food of higher palatability and nutritive value
than wild plants (Skumar 1990), which may make elephants keep utilizing field crops.

(3) Possible preventive measures

To solve the crop raiding issue is an important key to improve the relation between villagers and park authorities.
Villagers have been angry at the park authorities for not obtaining advantages to be included in the national park: Since
2001, development, such as improvement of schools and hospitals, promotion of cattle raiding and tourism, were
promised but has not been achieved, and employment to the park is limited to a small number of people, while hunting

activities are strictly controlled. This background multiplies their resentment and they are not at all tolerant to crop loss.
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Preventive measures of crop raiding in the study site should be highly effective and sustainable, not requiring
everyday work, in complying with villagers’ characters and wishes. In response to requests from farmers, the government
has approved killing 2 elephants as a problem animal control in October 2006. This effect must be carefully and strictly
investigated, for it is pointed out that an effect of killing elephants would not last long to prevent their return to crop fields
(Hoare 2001). For long-term solution, appropriate method that will not require repetitive implementation needs to be
developed considering their agricultural style that they do not often weed once they planted crops. In this study, a barrier

of used engine oil had a prospect to be effective, and a further study to establish this method is required.

ACKNOWLEDGEMENT

I am very grateful to PRO NATURA FUND for funding the project. I thank Ministére de I’enseignement Supérieur et
de la Recherche Scientifique, Republic of Congo for permitting this research. Also I am greatly indebted to Ministére de
I’Economie Forestiére et de I’Environnement for supporting the field work. Special thanks goes to Mr. Kobayashi of
Earthwatch Japan for recommending me in applying funding and supporting the work.

REFERENCES

Dudley, J.P., Mensah-Ntiamoah, A.Y., and Kpelle, D.G. 1992. Forest elephants in a rainforest fragment: preliminary
findings from a wildlife conservation project in southern Ghana. African Journal of Ecology, 30: 116-126.

ECOFAC (Conservation et utilisation rationnelle des Ecosystéms Forestiers d’Afrique Centrale). 2004. Le Parc
National d’Odzala Congo Panoramique. Available at: http://www.ecofac.org/Composantes/CongoOdzala.htm.
Accessed February 8, 2005.

Hagiwara, M. 2005. Human-elephant conflict and illegal hunting of elephants around Odzala National Park, Republic of
Congo. Final report to USFWS African Elephant Conservation Fund. 37pp.

Hoare, R. E. 1999. Data collection and analysis protocol for human-elephant conflict situations in Africa. African
Elephant Specialist Group. Available at: http://www.iucn.org/themes/ssc/sgs/afesg/

Hoare, R.E. 2001. A decision support system for managing human-elephant conflict situations in Africa. IUCN African
Elephant Specialist Group Human-elephant Conflict Working Group. Nairobi, Kenya.

Kinzonzi, E. 2005. RAPPORT D’ACTIVITES ANNUELLE DU SECTEUR NORD PNOK, ECOFAC-Congo.

Maisels, F. 1996. Synthesis of information concerning the Park National Odzala, Congo. Projet ECOFAC- Composante
Congo, 184pp.

Ongognongo, P., Ekoutouba D.B., and Stokes, E.J. 2006. Conflit home-elephant dans la peripherie du Parc Nationa de
Nouabala-Ndoki au nord Congo. WCS Project Nouabale-Ndoki (PNN), 49pp.

Osborn, F.V. & Parker GE. 2002. Living with elephants II; a manual. MZEP, 37 Lewisam Ave, Chisipite, Harare,
Zimbabwe. 21 pages typescript.

Sukumar, R. 1990. Ecology of the Asian elephant in southern India. II. Feeding habits and crop raiding patterns. Journal

of Tropical Ecology, 6: 33-53.

— 208 —



Photo 3 A crop field of banana and cassava before

devastation

Photo 5 Damage of banana by elephants

(the tramped crops)
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Photo 4 Damage of banana by elephants
(they don't eat fruits but eat trees)
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Photo 8 Elephants like to eat weed which grows after
devastation
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Photo 11 Method 1 - Fire made in the field to avoid
elephants
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Photo 12 Method 2 - Weedy field of banana trees
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