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Analyses of environmental and benthic faunal changes of Ariake Bay
during the shut off and the open gates of
the Isahaya Reclamation Project.

AZUMA Mikio, YAMANAKA Takaki, YAMAMOTO Ayaka, SATO Shin'ichi,
MATSUO Masatoshi, KONDO Hiroshi, ICHIKAWA Toshihiro
and SATO Masanori

Since April, 1997, the inner part of Isahaya Bay has been isolated from Ariake Sea by a dike
for reclamation. However, the court decreed to open the water gate until December 2013. We
periodically monitored water quality, grain-size of bottom sediments and benthic animals using
the sediment samples collected from (1) 16 fixed stations inside of the dike in 16 June 2013 and (2)
48 fixed stations around inner part of Ariake Sea in 17 and 18 June 2013. As a result, in the both
inner and outer parts of Isahaya Bay, number of species and mean individual density of benthic
animals have been still smaller than the past. After the shut-off, benthic animals rapidly decreased
from 1998 to 2001, and then only a few species increased from 2001 to 2003. However, from 2004
to 2013, most of them have disappeared or decreased rapidly in the both inner and outer parts of
Isahaya Bay. The results of this research will be used as a 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.

Research Group for Conservation Ecology on the Isahaya Bay
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8 9A248 PR H [ 1.4 0.14 105.1 19.4 -
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Nt Acanthogobius flavimanus 1 1 1
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FFI Tridentiger obscurus 3 3 6
Nt Sy =1 Gymnogobius petschiliensis 24 2 2 28
PE =1 Gymnogobius urotaenia 1 6 27 17 51
(=M=} Gymnogobius breunigii 13 3 16
Ly 2= 1)) =+ Gymnogobius sp. 4 2 1 5 27 39
BMERAL 4 5 3 1 4 4 3 1 6 14
RHERH 12 30 1 16 33 30 3 34 167
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Studies on the conservation of ecosystem of estuarines, tidal flats,

seaweed beds along Sanriku Coast

SHIBUYA Kotaro, SHIMADA Naoaki and SUZUKI Masaki

The Sanriku coast in Iwate Prf. suffered serious damage by the tsunami by the East Japan great

earthquake disaster that occurred on March 11, 2011. This study set the investigation line which

led to the land from the sea in the Gulf of Miyako,Ohtuti,Hirota and investigated the topography,

vegetation, fish.

The topography which is an ecosystemic base greatly changes by the tsunami of the East Japan

great earthquake disaster and changes little by little now. About the beach vegetation, halophytes

such as Glaux maritima L. var. obtusifolia were confirmed in Tsugaruishi river tideland.

Endangered species such as Monochoria korsakowiiPenthorum chinense were confirmed in

the inner landside.

some biotope.

Present part of the eco-tone of the Sanriku coast was grasped by this study.

The fish had many consecutive wandering fish which used a sea area as

In

addition, We performed the suggestion to the future reconstruction contracts based on these results

from the situation of the natural environments maintenance.

Study group of the conservation of ecosystem of estuarines, tidal flats, seaweed beds along Sanriku Coast
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The measure for the new ecology investigation technique of Gallirallus

okinawae using environmental sound

KURAYA Eisuke, NOGUCHI Kentaro and KAMISATO Shihoko

In this study, the environmental sound in the habitat of Gallirallus okinawae was surveyed to

reveal the causal relationship between the sound environment and its biological activity.

The quantifications of environmental sound in the habitat of G. okinawae and analysis of the

song frequency of G. okinawae show that the environmental sound in “Yanbaru forest” changed

dynamically through out a year. Furthermore, although the songs were actively recorded through

out a day in the area where environmental sound is quiet, no song was recorded in the area where

environmental sound rises by car traffics. These results indicate that the intensity of environmental

sound may affect activities of a G. okinawae. Therefore, it is also very important to conserve the

sound environments of G. okinawae for their communications by songs.

Research group for conservation of Yanbarukuina (Gallirallus okinawae)
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Research for conservation of the endangered Tokunoshima spiny rat

JOGAHARA Takamichi, YAMADA Fumio, MOCHIZUKI Haruka,
KOSHIMOTO Chihiro, SAKAMOTO Shinsuke, NAKAYA Masataka,
KUROIWA Asato, NAKATA Katsushi, KIDO Ayaka,
HANDA Yukari, KIMURA Kenichi and NAKAMURA Masahiro

Tokunoshima spiny rat (Tokudaia tokunoshimensis) is an endemic species of Tokunoshima Island.
This species is natural monument species and endangered species. However, it is not appoint as the
“national endangered species" of “Endangered Species Preservation Act”. Therefore, there is no
implemented to conservation for this spices. The official record of habitation of the Tokunoshima
spiny rat was restricted by the research in 2005. Therefore, we researched for habitation. As a
result, although habitation was been recorded by capture and automatic photography camera, it
is considered that habitation is very limited and the population was very small. Moreover, natural
habitat of Tokunoshima Island is critical as very small natural forest and the habitat is separated by
some issues. Hence, we assumed that Tokunoshima spiny rat is facing a very high possibility of

extinction similar to the Okinawa spiny rat.

RIMS
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RILINE T Ix Ligularia dentata 100.0 100.0 100.0 100.0 100.0 69.2
e/ H)NR Calamagrostis longiseta 295 38.8 66.9 83.7 432 89.1
ST XURYY Ranunculus acris subsp. nijpponicus 26.3 2741 51.7 36.8 32.7
NI Veratrum album subsp. oxysepalum 28.8 31.8 47.3 25.9 33.7
ot Xay Angelica polymorpha 21.8 254 448 15.0 27.9
SYTIUHR Angelica pubescens var. matsumurae 18.6 335 25.7 111 324
BARRAIN Rumex alpestris subsp. lapponicus 7.0 449 5.7 11.6 445
F/N\F /AT VA Viola biflora 239 11.2 26.7 123 37.0
SN TX/XY2UY  Solidago virgaurea subsp. leiocarpa 7.1 7.1 247 5.1 227 290
SF/ XA Trollius japonicus 141 8.2 13.1 20.8 12.6 18.2
EXA/HYYR Calamagrostis hakonensis 328 443
EXRY Carex oxyandra 17.2 56.2
Svaovy+ Hieracium japonicum 19.9 220 272
Ahxred 44 Saussurea triptera 7.8 10.0 16.7 6.4 28.0
RYNRYATR Aconitum senanense var. senanense 31.4 146 155
oI THE Cirsium senjoense 30.9 16.1
FN<YRY Gentiana makinoi 15.1 296
OARRF Avenella flexuosa 34.0
EIDHSTY Trautvetteria caroliniensis var. japonica 328
DYXXy Arnica unalaschcensis var. tschonoskyi 28.3
LHh3 S/ H Bistorta vivipara 276
N oH0n Geranium yesoense var. nipponicum 25.9
ST HITY Thalictrum tuberiferum 10.6 12.1
s AN Betula ermanii 71 14.8
DERZ=HF Ixeridium dentatum subsp. Kimuranum 21.9
rEIIAHT Pedicularis resupinata subsp. teucriifolia 15.8
BARRAA/ET Luzula oligantha 155
TAIILYY Maianthemum diilatatum 4.7 45
RIS Streptopus streptopoidesvar. japonicus 71
& sp. 71
FYERAFIAVS Malaxis monophyllos 6.5

L% 13 10 15 16 17 20

ViE 1734.2 22315 25025 2624.1 15574 19424

ZHREIER 1.58 2.04 2.48 2.45 2.69 2.83
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20134 BAIEX(C) MYERYRX (H)
aRS—+ES
Cc-1 Cc-2 c-3 H-1 H-2 H-3
ER SDR2
TILINE T Ligularia dentata 100.0 100.0 100.0 48.3 80.1 43.0
INLITAID Veratrum album subsp. oxysepalum 20.7 26.6 45.9 36.8 43.0
SNWIXURYSY Ranunculus acris subsp. nipponicus 5.8 11.3 10.7 395 36.5 36.0
=N DYVYUF  Hieracium japonicum 9.4 229 36.0
A /H)NYR Calamagrostis longiseta 26.0 447 56.6 88.9 100.0 98.0
St XAy Angelica polymorpha 5.1 323 28.2 61.7 48.8 65.0
FIXINA Trollius japonicus 8.3 19.2 125 221 113 250
RYSR) AT Aconitum senanense var. senanense 133 9.6 1741
2 ALY Maianthemum dijlatatum 5.1 7.4 5.1
SR Angelica pubescens var. matsumurae 17.2 51.2 21.0 215 27.6 41.0
rEIIAAHT Pedlicularis resupinata subsp. teucriifolia 14.3
SN T X/ X2 Solidago virgaurea subsp. leiocarpa 7.6 21.3 212 14.2 398 320
BHARAAIN Rumex alpestris subsp. /apponicus 9.6 32.2 239 11.6 11.2 16.0
X/\F/a/IA Viola biflora 29.0 21.8 258 18.9
DER=HF Ixeridium dentatum subsp. Kimuranum 1.3 25.2
BhRETRA Saussurea triptera 8.9 11.6 21.1 14.8 35.0
VANZA by = Geranium yesoense var. nipponicum 5.1 13.7 19.9 6.9 21.0
R Lyl i Cirsium senjoense 30.2 11.2
SYTHhITY Thalictrum tuberiferum 15.1
TR Gentiana makinoi 17.9 40.0
Brhss Betula ermanii 7.9 23.1
EA/H)YR Calamagrostis hakonensis 229
ESITHSTY Trautvetteria caroliniensis var. japonica 5.5 7.1
HYXXxH Arnica unalaschcensis var. tschonoskyi 71
R XAFADS Malaxis monophyllos 93
BIrII2 Streptopus streptopoidesvar. japonicus 8.1
LAITS/A Bistorta vivipara
OARRF Avenella flexuosa 16.0
BARRRXA/ET  Luzula oligantha 10.8 7.7 30.0
& sp. 13.3
EARYT Carex oxyandra 18.7 63.2
FRGT Carex pyrenaica 2.0
BAXRIEVE Festuca takedana 50.6
SIXRDRAFXYYD  Leontopodium japonicum var. shiroumense 20.1
" JXsp. Salix_sp. 32.1
TEE 16 12 17 17 17 24
ViE 16599 2146.1 2507.9 19809 18040 11289
ZHEREXR 2.21 2.08 267 2.60 267 2.97
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2012 4E D C-1 ~ C3 X ® V fi & 2156.1,
2013 4ED V fHld 2104.6 TH O, FUHXICE
3% VEOFEEICE TR S Niah -7 (t=
0.294, p = 0.782). & 7z, 2012 4£ D H-1 ~ H-3
X V fililZ 2104.6, 2013 4£D V {3 1637.9 T,
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Japanese Southern Alps Conference of the defense
on the sika deer grazing

WATANABE Osamu and MIO Kento

This study was conducted to evaluate the management effects of recovery of the Alpine vegetation
in the area of Umanose, Mt. Senjo in the Southern Alps of Japan that had been severely browsed
by sika deer. In order to protect the alpine vegetation, sika deer fencing was constructed under
the Betula ermanii forest floor and a field of alpine flower in 2008 summer by the activity of the
Japanese Southern Alps Conference of the defense on the sika deer grazing. The alpine plant
communities of this area were constantly dominated by Ligularia dentata, and there has been
concern about possible severely light competition to the other small height of alpine plants. In
order to recover the alpine vegetation, the manipulating abundance experiment on dominant plant
of L. dentata was conducted in Umanose area that located at 2650 m altitude between 2012 and
2013. Harvesting and manipulating of the above ground L. dentata biomass was effective for the
light PAR condition, dominance ratio (SDR,) of Angelica pubescens var. matsumurae, Angelica
polymorpha, Solidago virgaurea subsp. leiocarpa and Trollius japonicus were immediately
increased in 2013. After the manipulating abundance of L. dentata, Calamagrostis longiseta
was greatly increased in that area. These results suggest that sika deer fencing was promoted
regeneration of shoots and vegetation coverage in this area, whereas the numerous number of
alpine plants was affected by the highly abundance of L. dentata and C. longiseta. Further
monitoring is required to determine the optimal alpine vegetation recovery management in this

area.

Key words : Sika deer fencing, Alpine vegetation, Calamagrostis longiseta, Ligularia dentata,

Manipulating abundance

Japanese Southern Alps Conference of the defense on the sika deer grazing
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An attempt to ecological study of Japanese Black bear using a collar
with video camera

GOTO Yusuke and SAWADA Kenta

The collars mounted with video cameras were attached to 3 Japanese black bears (Ursus
thibetanus japonicus). One collar camera was attached to a female in November 2012. Other collar
cameras were attached to 2 male bears in July and October 2013. From these images, the bears
activities were categorized as “slow walk” for foraging for food or exploring the area, “sleep” for
sleeping and so on. Under these categories, sub-activities were identified as “sniffing”, “searching”,
and “feeding.” For each of these activities, the time length was measured in units of seconds. With
high-resolution video image, the feeding species were identified, as well as the way to feed (on
the gland, on the tree, etc.). The footage about the male from July 2013 showed some courtship
activities, such as moving alongside female bear and what seemed to be mounting behavior for
mating. Although the current video camera collar is limited with a short recording time, it made it
possible for this study to examine the feeding ecology of the Japanese black bears, which species

is difficult to observe directly in its habitat. In addition, the video camera collar can be an effective

research tool for behavioral studies to examine the social and mating behaviors of bears.

Tateyama Caldera Sabo Museum Japanese Black Bear Research Team
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Conservational study of a vulnerable
Japanese Reed Bunting Emberiza yessoensis
— Individual number survey and proposal of the conservation plan

TAKAHASHI Masao, MORIMOTO Gen, TAKAGI Kentaro and
OKAHISA Yuji

The Japanese Reed Bunting (Emberiza yessoensis) (IUCN category: Near Threatened) is an
endemic species distributed in East Asia, and it inhabits wet grasslands and reed beds. The
vulnerable Japanese subspecies (E. y. yessoensis) has a restricted and isolated distribution; it
breeds in only nine sites in northern and central Honshu and Kyushu. During the breeding season
in 2013, we counted a total of 656 singing males at the nine breeding sites in Japan. We estimated
that the current breeding population size is 1,312 individuals in Japan. Most of the singing males
(94.2 %) were living in four of the nine sites. No individuals were found in two of the sites. These
data show that the breeding individuals are concentrated in a few populations in Japan. Moreover,
most buntings inhabited artificial environments, particularly fallow rice-fields. The Japanese Reed
Bunting is under the risk of extinction because of the small population size, concentration, and

extreme dependence on artificial environment, which are the major problems for its conservation.

Wet-grassland Birds Researching Group
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FBHPIO-Fbo—F - 77 FBI ERFEEIR

/7 VT AT B 2R VY I OREFIGE
—Z RV A OREIC AT T

HETHIREMAR

ANJEE 3o,

< B A

M7 VT RICHERT 52 2R B A OITEIE L BEZHN, RO h T hOERE LTOHE
ZFHI L7z, 2012457 A0S 2014 45 2 HICHT T, BERDMERESS 2 5% GPS 7L A b U —Ic X D 178)
B LA, 2TofkicBnTary ) 7HICHED DENEENTED, TEHEOKEEIF91.7
~2147 ha TH -7z, 2012 4E 11 JICKEERFT - F55R, FEREEIR 11~ L4 /km® Th-o . Al

BDAET HIMOHIK L LS % &, [THENKE EFEETHE I EhPLM AT

Inso

REAE, ARHBEAEI AL > THERBRETH S T 2R LTS, AT, ZRYIHck
BHENDLENHENIBED TND T L0, MED DD HORBYFTE LTHEETH S T LWRE
ENTVBILDD, HEVALIAEDERZKDHFHAEMEC TR LEALNS. 5% 1O
WP TR DESRNEDIE, HEIAICE KEGBEN NS ENEHENS.

F—T—F MED, 17EIE, GPS, il &Y, EEH

[. F#EHMN

=RV HETH (Capricornis crispus ; LU 71
T ) FHAEAOMEFTHD, 0¥
FIMMfE &, EARE DA S 1955 41 [E DFRE
BIRSRRL SR E Nz, [FMERD THEMRY
IR D 26 > THIE L TH D (Kishimoto and
Kawamichi 1996, Ochiai and Susaki 2002), #E5E
DIE—Fzl L TITEIE L L THER SN T2
(&5 1983). COTEIEORESEAES A
DR A REAR B OBEFOEPHEIC K > TR
G3N, HEIAHICE > TERENE L KSIZ
ETHIEIIREL G0 AREEEKZELE
N T3 (Ochiai et al. 2010). FD7=&, J1E
A DITHIEORE TRHBENDINE, A
I > TOABMDOE 2T 2 C &M AlHE
5.

AR, WD TIE A E 2 A DR D
WOMAENTIED, PUES SN T EA
BOMRAEHEI N TS, BRIt —
KT A (Cervus nippon ; DL 71) OEKEL
HIMC KD, AEVANMD U EEE
NTW% (koganezawa 1999). LA L, T95 L
oS IE £ 72075, ZTOFEEICDOWTIEARH
BRDZVODNBURTH 5. 2D, mED
BIfRIEZ RIS 5 C &id, SO ET L
DIzHDT I DEMZITS FCHREZNA L &
D1F5.
ARWFETIE, T TICYHIC K BRENDFE
WHRNED TV B 7 )V T ARSI T, 4
EVAOITHIE L HEZ#HET S LT, hE
ADERME UTOBEZFM L. X5,
BHEDOWIZED S S M- TV 5 & 1 OF]H

1 RS R B R B R T 20 HOARBRIE ARl 2K
2014.11.29 %Zf}  2016.1.25 236H
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Lt e, AWMZRICK DAL NS TehET A
ORHSGIOREZHid % 2 & T, W&
ROV CRIMIIT 5 L LB, SHBDAEY
HREDTZDD Y HOEIICDONTHR S &1
7z.

. AR

AR R 77 L T A DAL o £ & H2EE
a2 SHERR LI hiE U, ILELR & BEFIR A
9% 2,023 masl OIGRIEFLE Lz (K1).
AT I I 1979 4E X D FE TV T ARKE DY
WBEN, HTOT 7R ANAFEL > 2h, <
A A—RIRNC KD, FFaleE 2R < —iE 0@
TFRRIEENTVS. EFENSMFTITHI T
Z L OBILEDNHNBHTTHS.

m. 759
1. HlifEds & Uil 7 — 2 O

51 € ¥ O Hi I 1X TM.SP, DAN-INJECT
BURRE 2 -V, BRI BB SV
(33-3.8 mgkg) LM % 3 (3.3-3.8 mg/
kg) OERGHEEMEH L. Wi, 201247
HM 5 2013 4F 10 H ORI FME L 7z, FRFEIC

X O AHE U 726K 1 GPS i i B F (S o
EEZ L. HWiz#H i, VECTRONIC 4
GPS PLUS 1D (650 g) 3% & FOLLOWIT %
Tellus 1D (650 g) TH5. TNHIELLT, GPS
FEEdE T 5. GPSRIEHROERIINET A
DEREDORI 12 ~22% ThH-olz. Zofth, %
RIOGLER & & BICATHER IR O A E DR E DT
W, Mimlc K2 EEHEE 2T ML Tz, £ D%,
FEpiFl e UCHERE T 773 AV —)b (0.3-0.4 mg/
kg) Z#5 UERL 72.

GPS A5 &7 DO MIALRAIBRE I 2 BFEHIC 1 gl &
L7z. GPS HEMmAKICEB I NI IE T —
2%, ZEHOT V7 2B LA il T
fEARICHEE L, HHO@EREZ W THEL
7z. MW 7- k%231, VECTRONIC % Handheld
Terminal & % U (& FOLLOWIT %I RCD-04 T &
. T2 ru— FEEDHE X GPS ¥
(SRR DI/ 7V —Y)hic K 0 lE e
B LEEL, AFOMLEAK 2 A»
54 H) ZBREMAIEMLT.

2. 1rEIE D fiibr

GPS RfZaah LNl T — X%, H

HERY AT LEHWTER L. (TEE
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2 Xk (R )

3 GPS ZeA5 AR Dl

£ 1 AR L EEI
Bix%  HER AEke THAREEKE BHHEE)
AZ1 - 2012/7/18 36 2012/12/1 136
AR1 2012/11/12 425 2012/12/1 19
4+Z2  2013/10/29 - 2014/2/14 108
AR2  2013/10/29 38 2013/11/26 28

O BT &, ArcViewl0.0 35 & OFR2.11.0 (R
Development Core Team 2010) D /8w o5 — ¥
adehabitat % FH >, 2 Z5 B IE B0 A0 2 E L
7295 % 35 K U 50 % [&E5E 71— 3 )V ik (Worton
1989) I X O EH UK. AWFETIE, 50 %I
TE N — FIVIEIC K 0 3R T 17818 72 4 R R H
B (aryzu7) LEELRE. £z, BHEOW
2L [ B 78I, 100 % fRybidiE (Mohr
1947) ZHWCITEIEZBEIN L. 51, H
RIOFE & LR 28 9 5 728, EANSE
CLIAZBREARNOITEEZRH Uiz, 7272
L, BHICHD, TrEhBEmaAN NI 7%
5T AW B2 10 AL RO A ZFRY L
7z.
3. WEGRA (Kmiik) o9

NEY ST HDEREERZASMMNCT BT
W, BN GHILA D 74 ha I3 KT 92 ha D 2

X (X2) TKX@EZE (Maruyama and Nakama
1983) IC KB HEHEZ I LTz, RHEICEEL
TlE, SMHBEXEZ 7~ 9 O/NKEIHT, &
INKHENZ 1 ~2% ENAFUE 124) DR
HEAN-FICHEL, Y HEHTEY ORI
Lol WINMHBEI NG, KA
U Tz RegIo R OME, S8, MER, YA X,
BahL— b E ARG U, SIX O AR
2R E L, DLEOE#HICHEDE, EEL
THhY Y FENMEARORREZEITY, 1 km® 3
DO REERBEH U, JHERIZESEIC
KX OHANBL A0 EEKROFE RN 95
20124E 11 H 3 A5 4 HORKFFICH ;i L7z

V. BREER
L. Al & BN
1 77V T AMRGENE TR DA X & X X0 %
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L2 AT EE(100%E
1A 14T BB (100%4
[ 74 2245 WY EEI(100% 18 41
#2247 B EE(100%

& AR
|| —HiE

4 GPS FGEEADRINIHIT & 100% RSV FRIETTHIE

AP IUP(50%E EA—RIViE) |
)| A1 3P TG0 s

| B F2237T1)7(50 N—2IiE
szzj"IU"(SO%lEb—*)bi) E
— HiE

X6 GPS HE#EAEAR 50% [EE A — WL K B 178

N 2@ I N LIF, ZhZtht X1
~2, AX1~2k92% (K1, K3). JfEk
OBEHHIRIZ 19~ 136 HRITh > 2. &,
F A 213 GPS HERICHBHEINLET VT4 €
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O AT EE(95%E EH—FILiK)
| COARTREB(OSSEEN— 2K
| B A 22T BE(SHEIE N — R ILi%)
| xR BE(9SHEEN—H LK)
| —

5 GPS ZEEMEIRD 95% [EE /1 — VLI K B1THIE

T4 — Y —DRRMNS, 201442 H 14 H
IIEE LTV B BRI N,
2. JUMEHI R & 1 B e
RADOTINHIE & 100% BYVEEIC K 1T
BERE 2K 4 1SR Uiz, FIF S N5,
#) 1,830 m a.s.l. h5 2,600 m a.s.l. & i gLt hd
HFLTHoTz. A R2 EAZ21FFA—HITEL
THESO, 1TEEL RE{ELE LWL
MERTEEZ BN, £z, ARX1TIZDWVT
E, —E8TA R 2 LATEIEOEENH SN,
BEMARIN R R 2 &5 2 AR ORI %RIZH
SN TIERW.
3. 1ok

1) 100% AVEREIC K 2178 Pa A

BEFHBD D EOH & FERBI DO 100%
NEREIC K B 1TENEmAE, 91.7 ~ 2147 ha T

Holz (E2). INFTHEINTVWEHE
VA OTEIEImE CFY £ ZEH8EFE) X, &

ARE TR TIEERA A 1d 16.6 £ 6.2 ha, JEL X
AlF 10.5+3.6 ha, LR REH TIEACERA R 1



£2100% mAEREIC & B EEAD AR B ORI OTEIRE AL HRIOTEIREE 10 HRILL EOBEF T & 7o fifk (2014

2 H 14 ISIEE LIzA R 2D 2 HpdkR<)

=N EEIC LS TEIEEE (ha)

Eik% SHR
18 88 98 1A 1A 1A 18 qonxandap
AR1 609 815 1148 1054 1036 1249
* A1 91.7 91.7
1 R2 2064 1770 727 214.7
AR2 140.1 145.1

E3 95% BEU 50% [E3E A —3)VIEIC K 28K A5 - Gprh oo TEiEmes. AR ofriEd 10 HEM Eos
PRINCE TR (2014 42 J1 14 HITFEC LA R 2 D 2 A0dkR<)

s 95%(50%) E FE h— R ILiEIZ KB ITEI B mETE(ha)
& 21
78 8H 9RA 10R 1A 128 1R (10BRENDBESE)
4xy 522 1709 241 2101 1774 163.1
(125) (35.6) (56.6) (46.7) (44.1) (39.7)
152.5 152.6
A (455) (46)
2457 1609 1246 1617
FA2 42) (258) (26.9) 215)
1715 161
#R2 (31.3) (27.3)

45+15.6 ha, JICHE A A1 29.8 + 13.7 ha, EBFIR
TR ER A 13 86.8 £ 43.6 ha, RER X R
13 51.7+43.4ha TH Y (Ochiai et al 2010), &
RAM 3 X UFEENEWVIEH % & DDA L
BICA R T % H e A O EhEN fthkhis & Frig
LTREVWT EDHSHE RS T2,

2) [ 17— VIEIC & B 178

95 % [EE 11— FIVIEIC X 0 R& T2 Stk D
1TENEE, R OMEDN S 2,600 m asl. F
TEHFETEXRS N (KS5). a7z 7
i, AR1~2EAX2 TEMED @IS, A
A1 TEE7IVT AMGE L 2,500 m as.] fFED
2 rizHDIcERE N TV (K6). #HED
B> TBHMTEAR 1 BXUA A 21
BOTHEN— RV X2 1THIE B X0 O
77 AN RO A, ARA1TIET
A OITEE A 52.2 ha LiRE/NEL, 9 AD 241

ha 5 11 HD 177.4 ha EFKISHF TR E WV
maRLiz (3. £k, THOa7zy 7k
S OO MGE A Z RSB E ey (X
7), 8 HLLR&IZ 2,500 m as.l Tl &R E 1
72 (®8-11). F A2 7T, 11 AIC 2457 ha
EIRERKEWEZ R U, MEmZRU 1
HICiE 124.6 ha E/NEVEETH -T2, Fiz,
FHICBWN a7 7 OREICKE A2k
HENTIro T,

2AEOTT TV TICHED D HHEFENT
WizZ EWG, AEVAHICE > THIED DI
HERRETH S EMHERIE NS, M7 VT
ZDOMED O [l F FEFHNC S % Ak 1 &
k2 ERE L, RILBEOR R ZX > T
%18 (Bl 1979), hEVHICE > ThiflEx
LI > TV BAREMENEZ 5N 5. Rill
011) IckB &, THULMEDDTIES A
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a7 TY7GOsEEA—HILiE)
— il

0 025 05 1 km

O THBEOS%EEN—FILEK)
J7TY7(50%EED—RILiEK)
— HE
0 025 05 1 km
Y O I — |

10 GPS 25tk (flfA4 A X 1) D 10 HORE A —3 VK K D78 e a7 ) 7

HEREI Nz, HEVHE Y AHOEREEIL,  BE CFY+EERZE) X, &R NTR
Xl 1 Cld 1.4 98 /km’, X#2 T 1156 /km* T 142425 88 /km’, [IJBEREAH TIE 6.1 88 /km’ C
Hole. 3D (Ochiai et al 2010), AFIAHIRICH BT
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[X 11

7z.

iz, EBIE (2012) X% &, 2010 )
BT 27 IV T A D > A B 17.4 56/
km’> TH O, AHAELLMEONT 11 ~ 14T/
km® &5 > O B I A R & L
LEREETHS. LhLiahs, A
WERT %7703 1,800 m LR O L & T
FLTEELTWAS T ENHLMER->TED
CGR1L2011), 4ERZ2E U T AEREEICAED
HBEDEEZENDTD, MEDT LT
TR AELSENSERICHIT THiELFENS &
I ZFIH S % =R P h OE R 2 R g
Letic, ZoMKRBEZEIHITS L3 AE
VIMREDIDICAARTH 2 LEZBNS.

V. &8

F 77V 7 ADIGRIREAIC LR T 2 S 7
OITEIEN, ol gL TRE L, LR
FELENEDISN RS, DT e
5, AEVHCE > TAGERME DA RO
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Ecological and conservation studies on the Japanese serow
(Capricornis crispus) in the Southern Alps, Japan
—For management of the sika deer (Cervus nippon)

YAMADA Yusaku and SEKI Yoshikazu

We investigated the home ranges and densities of Japanese serows in Southern Alps to assess
the quality of habitat of this species. Between July 2012 and February 2014, we tracked 4 GPS
collared individuals (2 adult males and 2 adult females). The home-range sizes for 4 individuals
were 91.7-214.7 ha and the core areas of all individuals included slopes. The serow densities,
which were estimated by the block count method in November 2012, were 1.1-1.4 individuals/
km”. The home-range sizes were grater and the densities were lower in this area than those in other
areas. This result indicates that the present study area is severe environment for Japanese serows.
In this area, it has been reported that the modification of vegetation by sika deer already became
significant and that slopes were reported to be important forage places for sika deer, indicating
that sika deer exert negative effects on Japanese serows by consuming food resources. Therefore,
the density of Japanese serows may decrease if the extent of the effects of sika deer on vegetation

becomes larger in the future.

Key words: territory, home range, GPS, subalpine, food, habitat

Japanese serow Conservation and Research Group
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JGHEEOICAE RS 5 2 v T Ot ahihd & ATEIE OF| AR
— A B R AN\ D B RE ST

ALHRE S v FHFOEE S

R
AR T I

B ST - s
PR - LT -

PRBFERR © » G T

2012 RO TIEET 11 127 85, 2013 FHDREF LTI 11 B 197 BHO 2 v FOFER E N,
AHE NI TN TN S2 itk & 64 A TH 5. MalkdI7Z Uz LTS 2 e Lot LTcHER,

ARG I — )V Z A TO—EIEHHK THIE L TV AR D 5N B T2,

INHDY X Fi3h

BELHAMERMNDHENTH B EEALNS. 2L, Wil THm L TR SN ki3
<, BEDCEE B L TEDHTH o778, TS DITEIEIZEEARICIE G > TV R HREMED S %
Ko, WEMEDHEHEG 555 T eh b BIEE EOTTIIAL 55> T2 iR H 5.

. #&5

¥ ¥ F (Orcinus orca) \ZHFED & RIHEH T
Hb. TOKEFHOmICEEL, XV AR
DOfiFE U TIERADHBETH 5. v FIFK
DY VIR L GO R T %
CETHHRICEXSHBEN, 64mDYYFD
BNEYWNE X XIANA BEHET T 14
A OEYIA IR Uz 2 & (Slijper and Harrison
1979) L, ZOAME 2RI HIEZV». 20D
KH%ETehD, YryFEEIHIREEL LTE
B E 2 RICTAREMEDEA SN TEY, &
BICKDERBRICKEGR Ny TXY VHIIRZ
£ 7259 T EAERIE TV % (Barrett-Lennard
et al. 1995, Estes et al. 1998).

Uy FIEEEC ML, BEOE AR~
FELENTVDD, AN T— 3 VA
HNTWA. JERKREPEFE O REBIL T

&, YiElEELYTUN, RV U,
AT a7 D3 DOERERNEET ST L&A
5NTWV3 (Ford 2002). LYF Y FIZINE
WEEL, SrBEhLE T2 T Y
9 5. CORZEMICO> THgEENT
BY, ARG EIC X 2 EKR O ERHZO
IIHTRNEEE DS R — v DLEE D DAL B R
LLFEENTV S, mEFEARNICBEREEINS
HNOHNIIRRTH Y, [FURROMEEH
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WHENBEEINTNED, KAy A)bE&a—)b
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Vw7 AL 70w 7 b LA VBRI NS
M, bV MIOY Y FTIIEE D7)
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WPCM-MI10 T/ EZRE LI, 7277 A
VIFEARINC 60 dB &L, NAIRAT VR —
Wk 1 kHz & Uiz, o7V 2)Viksioy > 7
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MRS e TR X AR ICBI L T, Wi
K BMERMA I IR EN TRV DB E 555
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EHRGEOMEICHD S

R E TS SR E DN 15
IRFfE 52 S MG EFESE D I HVW S e

7 BENOMERRERICH DO IZGRINEAD 7 T A X =0k R, 7Y PR s I LdT + — FIEC K SHR. AN S DIE TR
DAFHEIC K > TRENTTIV—T" (K 6). FSIIMATRS, M IR L HEE TN B A ZMHf, F IR X LHEE S N BT,
F 3 ER AR ZR . * GERIRS I CRlE S NIk zr<d
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BRI SH2H, 24H, 25H, 27 HDEF9
AL SELN, KIBEHHEIE 787 BITH > 7.
CON, RlcaIa=r—yavicfibnzdk
MEINZT—)L GRA v AVEEE) & 258
M|, Z7VwZ LA iF 529 mIEEE N G
BENBEHD 1 Y47 0 IGEHEZEa—)b
W 033+024 8], Z7Uw 7 kLA AY0.51
+£0.21 [A], FRIEEEEE L 0.75+0.26 B TH - I=.
PIES A T 11 H 4 HEE 0 O RIH A
TLTWSH, 175
fEiZ 45100, 7Uw o LA & 101 1],
FEEZ 146 [0 THHo Tz,

P72 D O a3 —)VDOFEER
RIS

X8 HIEEHMEHE TR I NIz vy FOaA—)VZ AT, Kl
IEROERERD, M, MRS IEFEERT. AR
T HI 5 H3 BX U HS-HT £TD 6 XA THadikE N,
WA HE Z A4 TEEEINTE D, HS S HT £ TIEA
T T THERE NIz

=)V EATORH T, JIEKRE T
AR THE DR UHIBES % discrete call MR
ENte. =LA ATIEHI S H3 BX U HS
MHHTETOD6 XA THhnfEni (X8).
IREWRIEFIE Tl SIN EEMEWERE DL <, &
TS SHE B AR o o728, a—)UIEREFRPTHE
TH o7zt DDA S M discrete call IFFERE X
NnNixzhorz.

V. ER

T—)VZ A I DO TSN T 6 2 A T
Rz a— )24 7 LCRRBH LN, 4
ET N —TIC K BEEDHMETIE HZ Da—
IWEATHEHEENSELNTNE (ELAR,
KNRT—R). TOT &I THEEDF
I > THER E N BRI a— )L 2 A THFE
fELTWBZE, £V ZDSED

“BLi?@ﬁZF’EJTALLTb‘%)«_ LZEEKRLTOY

HEHT 2% a—)V 2 A THEERICFET %
C&d,ih%@&*?ﬁ#ﬁﬁ%:i::&
—YaVEEZHEAL TV AHZEKLTE
D, ACEMICET2EDTHSM, Piale
EHAHMEORIMMND ARtk 2B L T
5. UL, BEDSEMDIMIC DOV Tk
LTw< fc&bbdi, INETORETHELNT
WBI—NVE2ALTEED, BEELTHHAEINT
WBI—)VAA THEDRREDEIE TFET %
DM, LT ZOFEME L EDRETH 50N,
ESITIEEMNE S NTEENOEARRE L & F &I
AN, ke U EEIN E a— )L 2 1 TSRS
BRIERDENZ DN, LWwolcXk Stz
1o T REND 5.

S EIOFRE T B & AR gk ik T
L@ L CREEN R E VAR > 2. L
L, @ B L 2@k O N 3 fafkidsEEic
B THERINI END2AKTH -
fo. £z, TN TORETE HIRDETIE
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& 2 BRI TR A ENTVS (i
2012). {RICAR=E Hige & ST A AR 7 i A
HEEZTHENFELIRZML TS L L
&, BIESITER A TH B L 72 AR ik TRl ikig
FHD 3R LU 7 SIS b T BERI O
KICH3 2 bR AREICEY (CIHMBE, P <
0.0001). T ORHrE, MEMWKICREENS
TEHARTED B BRI ARE & N 2 EIRTE L
RTHEVEDENWCT EEREL TS,
ARIEIC BT 85184 T OFEEEEIIT L
AR WEO 7 E <, BENEEIITRE 54
Mo Tz. Tz, BUED & T A= TRk
ATE N T B RO BRI FIEE I O BB D
FEEH B, O EEMEERD > v F O
MIRENTHBZ L2 L5, d—)bX
ATIHGELTHEND EDNHZFHHH S T
Ehbd, BIEEHO Y v F EAREWRD > v F
X ZIRE DR D B M TH 2 iIHeMEN &
WA, FARIICIE KO > v FOTTHE 1E 5
BoTWBT ENEZILNS.

B I CRIZE NI FEN R O RS R A D B R
Mo, FAEHRFPICY Yy FIIRKEL 4DDT)
—TERR LTz eEEES Nz L L,
BoNT Y Rad I LD 5 AZ—ZHDIC
LU O EREE TR O BEL TR D, TN
ZND 7 )V—THEOBMRIEELS RDND, HBH
T =2t TRVHDOIEENEZ SN
%. &Ko T, @A OEZ X2 R0D
EE DT )N —T 58T 2R BIN =Dl D
TIN—TDHRTHH, ThEAELCTI—T
OfitkzEEA TNz 5, A, C, DFJI
— TR EENIR RN D 2 BEOHERENS.
—7i, B I)V— TN Ui e & 75>
TWIEARENEN S B, B ZIV— I3 BEIH
FICHEREINTER D5 AN 3T ETEN
Tz, SOy v F L ARE WD > v F 1%
b HIREDORIE D B & DO T PEITFEAIMNIC

B> TWAAREENEZ NS T D, A
ATEIBIRM E DFEE D % DM DN T & 514
A LTV REND S

HH 2 TH 5 NI RN Y A Z13004R
FBHFEDOFEND TR Z VD, HEANDSZ
ETIERL, BRI DOV T ER=EEE Tl
LUl A ADZ AFERMN D IR o 7oy, S hic
EEBEADRD SN oz, HET— 2t
BEIBR 5 N TV B e b SRS IC B S 2 Rk
ICDWTHasmmld R 0DY, TS5 DR
&, WO v F T K S IRt aiE 2 b
OHREMEARE LTS, Fz, #IEMcky
THELNEY I AZ—ICIEHEHNCHE TR
WA, RO BRSNZ T BTzt
EREDFICDOVTIESHBT — 22 S BICE
L THNd 20805 5.

M5 DFEAESALIS DD TUI D — & 17 L
TWEWD, I L ST, v Fo
IS OFEAEBLII N IR 0 Bix > TV B AJREMED
H%.AIa=r—vaYicHb5n3EE (D
—VERAy )V Era—alr—y g VIH
WHENB 7V w7 b LA Y OFESEDERIC
WEHEHK TR ELRAZIRSNED S T2D, B
O FE B L AR S UL EEA T HIES T A4 20
G2 otz JCKIBREOHRIBIL A TIE Y +
FIFBMO R 5 EREROENC X > THED
FABEN R L SN THL, Wk
DTV MIRHE DB ENEEINT
W5, ThUE, fHERSHHEMIALED S B2
UTHEET % 72 DITEIIEIG & 5 2 BTV
% (Barrett-Lennard et al. 1996). [6 U &k 9 %%
MUBERFE TE LY TR EZDOTHNUE, I
Mo v F L REWRIRD > ¥ F TlEAERERIH
50, BUENRZZEMEH SIS, =
D v FIT DN TIE, 2005 4RI HHIFC BEHE
LIERENDO B NBHIN S 7T > b A HFED
RENTVB T OHABRNETHS LN
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FEALNTVS (BHEIED 2009). AFHET
WD S v F OIS EFREE NI 5 72 C
CIFM=WRIED > v F O FICHBRT
TEEREHRLTVWRDMNE LNV, —/T,
D> v FIINEREFENEL, TOX
S IR KRR TR AEEEDO L Y TV b
TICABNZEDTHS. DT LIFHIEEHD
Yy FHEIABNETHS T EZBRLTVS
DhELNEW. UL, oy v FIcB
L CRIAFTEDBRTIEA A IR T &
VINHT BHBEN & B EDN B TEINEIL
ENTe. FBROMBZERT 2 LGk D
STh, BRI VANV AEMELTWE
W E H B (IF 2012). Nishiwaki and Handa
(1958) (3 AbifEE DR PEH T E Nz
YFMATANART I 2L HBLTY
T EEHELTVS. HREINEDESNT
WBH, oY v FEMAEEMEL T
HAREMEEEZZ 6N5. I TEREI NS v
¥ FITIFR D Skl 2kt HBH T L
MOiemC 3T EZ T 20, RUERES S
WG BT EIHE S & DIRIICIE U TBE OF
ARAEZEZ TSR EEZ 5N 5. SIS
MR T, AN Y v FHE
NZFNOWRICHE F - TN R > Tz T
& B HHK T LI TIRRD #7255 T RENE 2 TR
LTW5.

TS OFRERESIE, PIESTH & AR il ¢ L
5N% Yy FORUTOWVT, B & HE S
DOl fFZRLTWS. I—)V R A TOHEMER
kD mtEn 5, gy & =Eko > v 7
3B BREDRRN D BAEFTHE LT 5D
ThE, WHHKD > ¥ FIEFARN IR TE)E %2
FLEg 2 A2 EARMGE L 72> THBO, 17Ek
REZNZTNDMKTHIZ->TWVB EWNH T L
ZEKRLTVWRONE LNAEWV. LML, Th
W EEESIEEARNIC I T D NI (R S N R E RS SR D

5EZ bNBIGEICEER V. [TEIEOSHTIC
I EEREIIC K 2B, ARG D)
MHCIFEIR FIC KB DS E L 75 5.
APRE TR BN EIAR OFEIC LD 59
MWK e E 2D v FHERI N, 8=
Ul DEELE L, Wi Tld sy v FHEEIC
HoNAMTHLFZRBL TS, EHIC,
ARG OFERDN S, Wi e & AP EICKD
FRUCHA E NS AN EHB Uz, 1B
TIX 2007 DA S 202 FEOAKRFEE T
I —EB DA ER 2 Bk E 5 93 AN G E T
2, ZTONAFE THRISGHIEN/zE DI
2 fikH O, ZTOLRIIH 24 %I BB, HBE
Wl Tl ALRE (2009) 12 KD 141 ik A 20
JleEn, ZOBROARFERBIEKRL ZHT
2000 fELLRERE 199 A ENTWVWB. %
UK LT 2013 FEDOAHA Tld 53 ARDHTE
WCERBE N, MBI % LRGN 21 %I
LTz, BENROFERDEIE D 10 5 20 %F2
JETHEHEEEZD L, TOHFBEIIEARDE
BN O ATREER S O, IBERIC I
oD C NFE TOREIT K B AR AR
I UCRIRNCE L TOARWAEENDEZE Z 5N
2. AAARTFOHIEIC BT % (7R & &I MEIRAE
MO HEEANE AR EOBRET L ED T,
HIHFAE DR RO 217> THEZ TV HHE
MH 2D, WHEHKD > v FOEMIIBIEDRR]
ez o2 EAREEIR CdH 2 T L HENE
N5, W TIEA AN AZIECDHET S
IR B AMOUERHILIAD M E 2 <, JbifEE R
A DOINFENAAD Y ¥ FOffAEHC & >
T CHEEG— KA EHM L 7% > T 5 ATRENE
EERBLEZINERSRV. 55K1F, i
PIANSEOCEEBHCFENRI SN TV B I LF v
W AR O v FEARREL PO S
THAINSZ Yy F LOBFREEDT, JuimE
JEAD Y v FICET 2582 RO TV EiT N
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SEAZONIFERICKOREES N FROT
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Social structure and habitat use of killer whales (Orcinus orca) around
Hokkaido, Japan: A basic study for conservation.

OHIZUMI Hiroshi, YOSHIOKA Motoi, MITANI Yoko,
NAKAHARA Fumio, SASAKI Yukiko, HABA Shota,
AOYAMA Sakurako, SAINO Shigeo and SATO Haruko

We conducted sighting surveys in eastern Hokkaido off Kushiro in autumn of 2012, and in the
Nemuro Strait in spring of 2013. Killer whales were individually identified using photographs
and vocal behavior was acoustically recorded, which were analyzed to clarify the social structure
and their home range. In total, 127 animals in 11 groups, and 197 animals in 11 groups of killer
whales were sighted off Kushiro and Nemuro Strait, respectively. Numbers of newly recorded
individual were 52 and 64 (provisional number), respectively. The result of analyses suggested
that social structure and some call types were possibly common in both areas, implying that these
killer whales are groups exchanging to some extent at least. However, no individual was found
in common in both areas during these surveys, and it was a small number even if including past
records. Therefore, the home range of these killer whales is probably different, and behavioral
patterns, such as feeding habits also may be different, because vocal frequency and days of staying
in the area were different. Present results suggest that the coastal area off eastern Hokkaido is
an important and precious habitat of killer whales in Japan, and further study is necessary for

conservation.

University Alliance for Hokkaido Orca Research Project (Uni-HORP)
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I SAIRRE D AR AR AR T 7 voll. 23 (2015)

FBHPIO-Fbo—F - 77 FBI ERFEEIR

TERENARIC I T 2 T BEEOHIRE Z D 10 FEB D2t

EMRAI\r m hBHFRETIV—T

B2 HIARHT

- REAERK - TR

2012 B KT 2013 RIS, FARNAMRD RS M 2 RIS ERE L7z 530 m OHFRKIREXIRWIS, BIARD
R EAEE, MERERE, o hBBIEE R IRA L. RO R HEHEIEH S hIC 10 4ERTOFE X O B
MUTHD, B NI TIE 6 BIRREISE LTV, 104ERTICIZE L A EBIZHIE DR - 781 LT,
2 HIRRE TR HENR SN, HERE R & RHE FIE S, 104ERTL D BT LT\ e. HblsE
ERHA R TEL, FHTHIERTETEh o, LLEKD, Y HOEBIALM 10 FEaTXOINLTE
D, kRSO TN R B E RSB R S Nz x> Tz, kiU ORI ORZE & HA O
WIS > Ak, SN, T OREDMER TR RZTHRENH 5.

de 5
. 8=

B, HADOFEM T= KT A (Celvus
nippon, 1%/ 71) OEEMEML, ZOR
FICKBHENDENRZEIN TS (RS
A 2010). FIERA DR/ H E1C X Bk
AKIENHEA T D, FEELREDZ DXRD T2
DICE MK 2 BHFEOFEEROMIANZH & 7%
STWV%.

BRI\ 7 L3 KO E O,
C ORI D Tk, LS BRNR 6N
%. FAMNBISEE, K1 DK S ITHSE L 7ok
ADFRRICESHRETH S, DX S TMhZHE
Kbk E RS, — 51 5 O s RIS K - TR
ARBSLBAND Fzbic, JEFICEBEITH LT
E A AN A THRSERTEDIERE NG & &
Z BN TW% (Iwaki and Totsuka 1959, Sato and
Iwasa 1993). & 512, KIADE FAMICHRA
ICHFEL TV K (RFEART IZFE m |\ R
#9°%) LIFERHC, ZOROBIARDER CRil

fHEDT L) WELEENZTLX>TTD
KO GHPIRDORIER TN EFMHEFRTEN TV S
(Oshima et al. 1958, Kohyama and Fujita 1981).
rAd A B G i v LT DRFE DSAT i - 72
EIBOMMKTOARSNS. HAROFIHT
MHREIREE, 677 AU HIREBOIEF IR S
NI DL DA THEZRTES. TOHT

w

K1 e\ S, FRSL o RN 22 ALLTEK D
i (2005 EHE)

L R RAGEAE a AR, 2 SRR 3 AU R AR

2013.11.30 320} 2016.1.4 2B



2 EDOEIBICK > TEREINT VS5
Rk I\ 72 & O HARFREREAD AT L
MRENZWS, FOEREY FORMiiEE
EO. X5, MMEAEARED RS T
I Tl RICRZZ1ILOUEDTH D, Hilgo
BOECAME UCOMEIX . £z, Ak
TIFEHFINS, MEEARDHIEL, B 7EATT
HBHF vy TREDHFRIENS 2, JdAtk
avZxyRy @EESL Y RY R MEEHE
IB) 7x EFH TGz i SHED LB 2 28 1)
ICHHG T ZEEOEHEMEMMERI SN TWVWa (5
RHEA 2010).

T OfEMILOFMNMIC BT EIEE, v
IC K% &b 2B H M OREERHD
BELRABNEXSICEoTE. HEEDOH
FICK D, FTIChmEMiLomENMARTE, £<
OEARICB I ENH O (K 2), HAD
FERFRENHZ T EHhbh> TS (K3).
F Tz, KRR TERNC I 2 R T R A
DIERNRAI R TH 2D, BHEDRRAMNMATIE
T CICH DB ED N E DKL Z>TWVDE (K
4). AR, JEIC K BHFE LRI D EF O 7%
INTG VAL K> THEFRF SN TV A RN BISR T
HBH, KEZHEIC K ZHBROIECEOE NP
HEB O BFIC K 2 HHAHENEEZUI T DNT
VADHERN, FERIICREAS DM E e
ZAREMED DB, —E, MM IVIKEED H <K%
&, PlA hAEREEMEFLIzELTE, H
U NDIERE N B 0 E 5 MIED TR,
L, BEEINS & UTEBTHEL EOFEADNR
HLx5. MiinIREN 7RI R 500,
FAICHUIR 2R L, SR Z# C 5 080D 5.

Z T T, AL, HRTERABSETHS
AR L T 72ic, SEFEDOTHD
DR BHEOBIRBLUTZDOZE{LZIH S MIC
L, fRifikztatd s ezHME L. C
DHMZEZERT B 7201, 1) 2012 FF£BIEICE

F32 A0 MBRUBFERNZHET S L
RS, 2)@RIcHEESNET—2ZE- L,
A EEIRILOD 10 RO ZEL 25 £ DR
Mg D22 5 L.

3 VIEYVOREREE. 0K UNEZREI NS
B, ZROBEOENMEZ OO RMEER>T0S

B4 BHEORIEAN. 8RR ORIEANTE, &
BEEOMHBNERE NS EENED, BEOMEKRTFDZ
ARSI IE S, BT & 5 10> TV B
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. FAEH - HE
1. e

A\ 7 fEmRRAG L (2,403 masl) ©
FMERHIC RSN sk TH 5. \rim
O TIX, 1990 L% 5 2000 F£4%
RIS 28I & O RN Z I 7z,
1990 FERHIDIE, DI DICBIRFINHE TN
TWAITEEZNDY, J\r EHis i R R 1
2004 4E1C 1 6.9 B /km®, 2010 41T 1% 19.7 55 /
km’ ICE THIIN L7z (BB 2011).

faAGILOfEA AR, SNBSS N2
REAHZILTHD, MIERHENRE WL
TR Z 5 T &, HDBDEEIED O
EDEEES TV, AMNCE, Mk
SO K O i B > R BN BEWF 2T 0D 72 8 D WF5E
MElEe LTI EELDOEHIMSFIAEINT
> % (Ohshima et al. 1958, Kohayama and Fujita
1981, Kohayama 1982, i fH (% 7» 2005, Suzuki et
al. 2009). FEAFNBIGIEFIC 2,200 m asl 5
INTEAFED 2,400 m as]. OFPITH SN, T
voEvVEAXATVIEY (ERICEIE) ICK
STHIREN TV 5.

T DFARG L DGR AR IS PRI 7 16 15 R AR
EHHE (HHRFEME) ICX>T10m x530m
DMEFZ LY b GRIRHEX) MEREIH
T3 (K5). TNEXT, YAMEEALEE
BLTWaEh -7 1987 4F (R « F5 1988),
A1 OB LR 7z 2002 I AT A
MERE N, 2002 FEOFAEDOBICIE T A K
ZEH BEHE) OFRMNEREN TS (8
K 2003). AWFZETIE, TOMEHRIEIEIC
Ko TREINIGHEN ST BT M50
e 9 5.

2. #MEDF—RIZONT

LR 10mx530mdDFZ ¥ Mid 10m
TEITS3DRMICKYISNTWVS. 1987 4F,
2002 FEE RIS, BXEANT2mx2mH»5 10
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mx 10m (DF D XERE) OY THRAEXMNH
BEIAN, B 120 cm DL EOBIAEAIC DNT
M a2 L AREDS, R 120 em LUK OHERS O
EAREDFEER SN TV A, £72 2002 FiF, f
FHEOFEE RSN TS,
3. 2012 AR D > A A

2012 4EFK (10-11 H) i, ERbZ ¥ B
B 1I0mx 10mXEITLIZ2mx5mhs 2
mx 10m DY THHERX ZetE L, B 120 cm
DL EDEHARIC DWW T e i & R, R &
FEEZER LT, BRHEORER,
Rz ) X X N7z AR O DR DIk L
T DFRELTE, 2)FEL R, 3) 2
D 3BT Calgk Uiz, F/z, SKMilcD
W 120 em LR ORI RS O & D4 {E k%L
EREREDD B MABUz R LT,

Wiz sl 1 X DFAE IR B T2 dic, 2013
6 HE 2013 49 I F RS R H & DA,
RS2l L7z,

4. AR OP A

A AEEORRIEE UT, HBUSEEORE
BT Tz, 2012 4F & 2013 4E CHLR % A T
TiroTz. 2012 41%, B L b€ b

ICHR-> T, BXEANONE 2 m OHFPH (2 m x 10
m) O O HAC /70 CTadik L7z,

ST T maE 2000 2 10 IR
B 5 MRGILOFEE b B b KL bR E O ZE S
([ HIBERT 2000 45 10 JI i, AIHiE) ICHE S >
7 b GERD) 2R, FafUdsm 20 m BE



ChUC KD, fatbnRmic B 2 mEN R4 R
ISR — AT Uz, 2013 4E1F, fekhi iR
D _EEB, S, FEOMNB KX UATEARTTIC 2
m x 2 m OFEXZ 6 X DOEL (Gl 36 [X),
XN TREAI A RO A ME 25l L7z, 8
H S5 HICKENDO Y h#z2TREAEL, 9 H 26
HBXU 11 A 11 HICHiTICRAE Uz 82 [
ETdeebIcTOBERR L. TNUCKD
H @HSH~9H20H) BXUR (O H 26
H~ 11 A 11 H) OIEMERA2IRI & Z OFIH
ISE— 7 HEE LTz,

A DFHERHNZ — 2 2 HEET BT
DL, LT —AATIKKBME 2T T
2012 4 11 H 4 ISR 5B, HiEs, FEomk
WEXURIEATIC 1 HITOREL GH6H),
20134F 11 A 11 HE Tig L7z (K 10). 7335,
M, EwYIN, A€V —h— RERERNEFT,
FEITHREL TV e X T BBIERINC K-> T
KELHZD.

. &8

1. B EZR EHE - X2 —2 D 10 ERDOZAE,
HBUR ) & 4

2002 4Ei%, RHA NEBT 12 BIFEE ORI H X
R (2HRBONOBKEHEDD - i DEIE)
T, RIS T I ERBHERIZTAD
FEBE D 500 m -530 m O [X [ T3k Rz ¥ 1%
Ronkahoiz (Kea). —75, 201241, 7}
Il NEBC 5-6 BRI O/ # LT, Rhf L
KA EREFHERITNZEDD, 500 m
-530 m DX [T 2 FIREE OB HEN R 5N Tz
(X 6b). 20124 11 /0 5 2013 4 6 H DRHIC 3.1 %,
6 ANS 9 HDIC 11.4 % ORI T 7= 7516 Bz ]
EHELN (BEHETEEOIKEETT), &
DR T 1ERT 14.6 % OB THTZ IRz #E
RSN (K 6c). iz /ak i #E & B
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Current state and 10-years change in level of deer herbivory
in a wave-regenerated forest

SUZUKI Satoshi, TAJIRI Kensuke, TSUCHIYA Kaori and
TAKEDA Ken-ichi

We investigated the influence of Japanese deer (Celvus nippon) on the unique landscape "the wave-
regenerated forest", which develops by natural regeneration process following wind disturbance,
in Mt. Shimagare, the Northern Yatsugatake. Along with the 530 m transect which installed in
the slope where the wave-regeneration occurs, the bark-stripping rate of trees, sapling density,
and fecal pellet density of deer were investigated in 2012 and 2013. The bark-stripping rate was
increased from investigation ten years ago obviously, and it reached to about 60% in the lower
part of the slope. In the upper part of the slope where few trees had stripped ten years ago, the
bark-stripping rate reached to about 20 %. Sapling density was as low as the lower part of a slope,
and it had decreased from ten years ago. There was also much fecal pellet density in the lower
part of the slope; especially it was much more in the dead-tree strips than under closed canopy.
As mentioned above, the influence of deer is clearly increasing from ten-year ago, and a high-
density sapling bank, which is necessary for wave-regeneration, is no longer formed. Although the
wave-regenerated forest originally maintained by the delicate balance of death and regeneration
of trees, the balance will collapse in the future and the landscape of "wave-regenerated forest"
will no longer be maintained. While the long-term impact of deer on the regeneration of the wave-
regenerated forest should be continuously monitored, it is necessary to take conservation measures

immediately.

Research group for deer impact in Northern Yatsugatake
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Plant diversity and structural dynamics of Sub-Tropical Broad-leaved
Forests of the Bhutan Himalaya

WANGDA Pema', PRADHAN Rebecca’, GYALTSHEN Dorji,
TENZIN Karma, Pema, GHEMIRAY D.K., OM Kunzang
and NORBU Tshewang

The objective of the study is to understand the sub-tropical broad-leaved forest which is under sever
human threats, and its dynamics for biodiversity conservation and for management of the natural forest
at the southern foothills of Bhutan Himalaya. The detail analysis of vegetation revealed a total of 168
species. Schima wallichii, a sub-tropical element belonging to evergreen broad-leaved tree was appeared as
the most common dominant in all the three series. Gomtu series was mainly dominated by Shorea robusta
in a relatively shallow soil while other sites were dominated by diverse tree species. The dominants along
Pasakha series are Aphanamixis polystacya, Duabanga grandiflora, etc., while Dechiling series were
mainly dominated by Syzygium cumini, Persea minutiflora, and Altingia excelsa. Dendrogram showed 6
different forest types of the sub-tropical belts. 1) Riverrine, 2) True Oak-Laurel, 3) Schima-Castanopsis
(Evergreen broad-leaved forest), 4) Shorea robusta (sub-tropical deciduous forest), 5) Salix tetrasperma
(deciduous wetland forest), and 6) Altingia excelsa (refuge relic evergreen broad-leaved forest). The
nomenclature of forest types were purely based on the dominants and its environmental requirement.
Therefore, the information generated by this study serves as important baseline information for the good

management plan of the subtropical broad-leaved forest in the Bhutan Himalayas.

INTRODUCTION
The natural subtropical evergreen broad-leaved
forests are mainly confined to eastern Asia, Southern
China, South-south western Japan, a few regions of
Vietnam, Laos, Thailand, Myanmar, India, Nepal
and Bhutan (Kira 1991, Ohsawa 1993, Tagawa 1995
in Tang et al. 2007). According to Ohsawa (1987),
the transitional zones of tropical-subtropical and
temperate zone on the southern slopes of Nepal has
become merely visible due to heavy disturbances
by cultivation and human activities. However, in

Bhutan it is still prevalent in some parts although

similar threat exists. True tropical rain forest is
absent in the Bhutan Himalaya, however several
tropical genera and species are found along the
foothills which are broadly classified as subtropical
forest ranging between altitudinal range from 200-
1000 m a.s.l. (Grierson and Long 1983). Although,
Sal and Savannah forest are absent, Shorea robusta
one of the tropical species occurs as scattered trees
in some part of the area and are probably the last
refuge in the country.

The understanding of both ecological and

economical importance of this diverse forest

1: Department of Forest and Park Services
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ecosystem is critical for sustainable management
and conservation.

The significant portions of the southern foothills
of Bhutan Himalaya are still under intact natural
forest. However, these forests (7etrameles nudiflora,
Pterospermum acerifolium, Daubanga grandiflora
and Albezia species) are under severe human threats.
Therefore, the present study was strategically
planned to conduct a basic research and to generate
important ecological information in respect to the

sub-tropical broad-leaved forest.

OBJECTIVES

The objective of the study is to understand the
sub-tropical forest ecosystem and its dynamics.
Particularly the study aims at understanding the
Shorea (Sal) forest along the southern foothills.
Specifically, the study aims to achieve the following
objectives;

1) Floristic diversity and structural dynamics of the
dominant sub-tropical tree species, life-form and

forest types and,

2) To compare and contrast the subtropical forest
along W-E gradient in the foothills and,

3) Thus, can help us to understand the importance
of subtropical forest for biodiversity conservation

and for management of the natural forest.

STUDY SITES

The present study area is located along the southern
foothills of Bhutan stretching from east to west
(Fig 1). The research sites are located along the
southern foothills (260 m a.s.l.) of sub-tropical
forest including hill Sal forest (600 m a.s.l.), sub-
tropical evergreen broad-leaved forest (800 m a.s.l.)
and Wet-land deciduous broad-leaved forests (900
m a.s.l.) respectively. The study area covers three
districts of Bhutan namely Samtse, Chukha and
Pemagatsel (Fig. 1C, D, E).

METHODOLOGY
1. Climatic data
A meteorology station equipped with automatic

HOBO Onset data logger (Onset Computer Co.

Gomtu series (SAMTSE)

STUDY SITES

Dechiling series (PEMAGATSEL)
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Fig. 1 Map of the study area; (A) Map of South Asia indicating Bhutan, (B) Study sites, (C) Gomtu Series, (D) Pasakha Series and (E)
Dechiling Series
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MA, USA) (temperature, humidity and rainfall)
was installed at Pagli, Gomtuenclosed by well
fenced at the end of 2012 (Fig. 2a, b, ¢). The HOBO
data loggers were set at hourly interval recording
and downloaded every after three months of
recording. Rainfall and temperature data of Pasakha
(Phuenstholing) and Dechiling were gathered
from existing meteorology stations maintained
by Department of Hydromet Services, Ministry
of Economic Affairs. In addition two HOBO data
loggers (Temperature and Relative Humidity) were
installed at Dechiling and Phuentsholing.
2. Vegetation survey

A total of 23 vegetation plots were laid in three
different study sites from Gomtu (Samtse) in the
west to Dechiling (Pemagatsel) in the east. The
quadrat sampling was adopted for inventorying the
tree layer. The trees occurring within the quadrat
attaining a height greater than 1.3 m (H > 1.3 m)
were measured, identified and recorded for tree
height (H, m), and diameter at breast height (DBH,
cm at 1.3 m above ground).

For regeneration survey, all seedlings and saplings
occurring inside the plot measuring 2 m by 2 m were
identified and their height and age were estimated

by counting branch tiers and/or bud-scale scars. The

fieldworks wereconducted from late December 2012
to October 2013. Nomenclature of plants followed
after Flora of Bhutan (Grierson and Long 1983-
2000, Noltie 1994-2000), The Orchids of Bhutan
(Pearce and Cribb 2002), Weeds of Bhutan (Parker
1992), Wild Rhododendrons of Bhutan (Pradhan
1998), Flowers of the Himalaya: A supplement
(Stainton 1988), Flowers of the Himalaya (Polunin
and Stainton 1984), and Photo-album of plants of
Eastern Himalaya (Hara 1968).

DATA ANALYSIS

1. Climate data analysis

HOBO Onset data loggers were downloaded using
BoxCar Pro for Windows, Version 4.3 provided by
Onset Computer Co. and HOBOWARE. Simple
climate analysis using excel was performed in
addition to Walter climate software.
2. Vegetation data analysis

Species basal area (BA, cm’) was calculated from
DBH data of tree individuals and calculated the
relative proportion of each species’ basal area in
percent (Relative Basal Area, RBA %). The RBA
of each species was used as abundance measure
of species in a community. The dominant were

determined based on the dominance analysis

Fig. 2 Establishment of Meteorology station (a) iron post erecting, (b) mesh wire fencing around iron post and (c) installed HOBO loggere

(Rain gauge and Temperarure, Humidity)
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Table 1 Climatic indices of the study sites

Location  Altitude(m) AMT (°C) WMT (°C) CMT (°C) WI ART (°C) PER PPT (mm) Al Remarks
PCAL, Gomtu 290 25.1 30.1 17.9 238.9 12.2 0.4 4109.0 117.1 1980 to 2011
Phuntsholing 220 253 294 18.3 239.0 10.7 0.4 4278.0 121.2 1994 to 2006
Dechenling 1042 18.1 22.9 11.1 156.8 11.9 0.3 3916.6 139.5 1986 to 2006

Note: PCAL = Penden Cement Authority Limited, AMT = Annual Mean Temperature, WMT = Warmest Mean Temperature,
CMT = Coldest Mean Temperature, ART = Annual Range of Temperature, PPT = Total Precipitation, Al = Aridity Index,

WI = Warmth Index, PER = Potential Evapotranspiration Ratio

Gomtu
1200 4 r

1000 A
800 4
600

400 A

Annual PPT (mm)

200 +

Phuntsholing

Dechiling

Fd E=3PPT —#—Tem r 30

Air Temperature (°C)

JFMAMIJ JASOND
Months

o
e

JFMAMIJI JASOND
Months

vamv
JFMAMIJ JASOND
Months

Fig. 3 Rainfall and tempereture pattems of the three study sites

(Ohsawa 1984, Kikvidze and Ohsawa 2002).

The preliminary data was processed using pivotal
table of the Microsoft Excel. Once the data was
processed, analysis was carried out by using PC-
ORD version 4 (McCune and Mefford 1999) and
cluster analysis was performed using distance

measure of Sorensen (Bray-Curtis method).

RESULTS

1. Climatic background of the study area

The annual mean temperature of the study area
were 25.1 °C, 25.3 °C and 18.1 °C with a mean
maximum temperature of 30.1 °C, 29.4 °C, and 22.9
°C and a mean minimum temperature of 17.9 °C,
18.3 °C, 11.1 °C in the three study sites (Gomtu,
Phuentsholing and Dechiling) respectively. The
annual total rainfall of the three study sites were
recorded at 4109.0 mm, 4278.0 mm and 3916.6 mm
respectively (Table 1, Fig. 3). The warmth index
of Gomtu was calculated and found to be 230.0

indicating suitable available heat energy for Shorea

zone as report by Kawakita in Numata ed. (1983).
Hence, there are presence of natural stands of Sal in
Gomtu regions.

Similarly the aridity index (Al), an indicator of
dryness showed all three sites falls within the humid
wet forest zones.

2. Vegetation and their structural traits
1) Plot description and life-form distribution pattern

A total of twenty three (23) plots were selected
and established along the three study sites i.e.
Gomtu series (G), Pasakha series (P) and Dechiling
series (D) respectively in Table 2. The detail
analysis of vegetation revealed a total of 168 species
comprised of evergreen broad-leaved trees (70)
and shrubs (48), deciduous broad-leaved trees (26)
and shrubs (10), Palm (5) and climbers (9). Gomtu
series showed the highest number of species (107)
and families (39) while Pasakha series showed 46
species and 25 families. Dechiling series showed
the lowest number of species (35) and families (26).

There are 37 evergreen broad-leaved tree species
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Table 2 Plot details of the study area

. . . . . Stem
. . Species | Species | No of | Species |MaximujMaximu .
Plot ID Plot No Al(l::;de Pi?;f;)ze T(ZL[:/};;A Diversityi Richnessi Dominani Evenessi m DBH ! m Ht. (?:(;105:;};
(H) ™) ts an (cm) (m) 2)
Lower Limit G1 527 400 20086.2 1.7 25 5 0.4 75.5 34.8 131
Transition G2 563 400 21614.8 1.8 30 2 0.4 64.3 41.3 150
Below Ridge Top G3 589 400 15903.6 1.4 25 2 0.3 49.0 27.7 147
North Facing G4 593 400 13831.6 1.0 26 1 0.2 59.3 27.7 130
Ridge Top G5 604 400 25329.6 0.7 14 1 0.2 72.0 39.0 102
North East Facing Go6 616 400 22650.9 0.8 25 1 0.2 88.5 27.3 127
South West Facing G7 617 400 12574.0 1.6 29 3 0.3 48.8 22.4 140
South East Facing G8 617 400 15265.5 0.7 28 1 0.1 52.0 26.7 154
Above Uttarey Minning G9 650 400 16414.0 1.9 25 5 0.4 48.0 352 122
Lower Uttarey G10 700 400 22165.3 2.2 34 6 0.4 69.5 40.6 148
Mid Uttarey Gl1 750 400 14152.5 1.8 23 4 0.4 75.0 345 129
Upper Uttarey Gl12 800 400 15178.6 2.6 34 5 0.5 44.0 21.5 183
Uttarey Top G13 850 400 27538.2 1.9 17 5 0.5 99.3 31.8 94
Above Rinchending P1 469 400 49051.0 2.4 12 4 0.7 134.0 41.5 20
Terminallia P2 792 400 66242.2 2.2 12 2 0.6 160.0 41.0 28
Above Pasakha P3 896 400 23023.1 3.0 22 5 0.7 94.0 41.3 60
Below Kamji to pasakha P4 1020 400 33582.8 2.0 21 2 0.4 102.0 35.0 52
Peling Tsho Forest D1 966 100 18700.9 0.6 10 1 0.2 140.0 32.0 32
Peling Tsho (Core zone) D2 966 100 3895.0 1.4 11 3 0.4 28.0 15.2 29
Khailaborang (Altingia forest) D3 974 100 17980.3 0.7 9 1 0.2 110.0 45.0 17
Kailaboang (Lithocarp Forest) D4 1015 100 3999.2 1.1 7 2 0.4 27.0 16.8 23
Coppice forest (12-15 yrs Tseri) D5 1045 100 505.2 1.8 14 2 0.5 11.0 9.0 23
Khailaborang D6 1070 100 2788.5 1.0 7 2 0.4 24.0 18.8 23

and 11 deciduous broad-leaved trees along Gomtu
series, while Dechiling series showed 17 evergreen
broad-leaved trees, 13 evergreen shrubs and 5
deciduous trees. Similarly Pasakha series revealed
22 evergreen broad-leaved trees, 18 evergreen
shrubs, 7 deciduous trees, 6 deciduous shrubs and
1 palm and 3 climbers representing subtropical
elements.

Gomtu series was found mainly dominated
by Shorea robusta(deciduous tropical element)
while Dechiling series was dominated by Salix
tetrasperma (deciduous wetland elements). Pasakha
series showed mainly evergreen broad-leaved tree
species.

Floristic compositions of dominant tree species
were determined along the three series (Table 3). A
total of 32 dominant trees were enumerated from the
three study sites. All three series showed presence
of both evergreen and deciduous broad-leaved
dominants. Pasakha series showed 9 dominant tree
species (7 evergreen broad-leaved and 2 deciduous

broadleaved), Gomtu series revealed 18 dominants

(13 evergreen broad-leaved and 5 deciduous broad-
leaved) and Dechiling series showed the least
dominant species of 7 (5 evergreen broad-leaved
and 2 deciduous broad-leaved) respectively.

Schima wallichii, a sub-tropical element belonging
to evergreen broad-leaved tree was appeared
as the most common dominant in all the three
series. Gomtu series was mainly dominated by
Shorea robusta, a subtropical deciduous broad-
leaved species in a relatively shallow soil while
other sites were dominated by Talauma hodgsonii,
Cinnamomum camphora, Picrasmajavanica,
Pterospermum acerifolium, Castanopsis tribuloides
and Engelhardia spicata. The dominant evergreen
broad-leaved species along Pasakha series are
Aphanamixis polystacya, Duabanga grandiflora,
Terminalia myriocarpa, Cryptocarya bhutanica,
Castanopsis hystrix, C. indica, while Dechiling
series are mainly dominated by Syzygium cumini,
Perseaminutiflora, Altingia excelsa and Lithocarpus
fenestratus respectively (Table 3).

All three study sites of the sub-tropical forest
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Table 3 Dominant species composition of the three study sites

T PASAKHA SERIES ]

GOMTU SERIES

DECHILING SERIES

Plot Number

i Pl P2

P3 P4iGl G2 G3 G4 G5 G6 G7 G8 G9 GIO GI2 Gl3i DI

D2 D5 D3 D4 D6

EVERGREEN BROAD-LEAVED TREES (RELATIVE BASAL AREA %)

Aphanamixis polystachya
Duabanga grandiflora
Terminalia myriocarpa
Schima wallichii
Cryptocarya bhutanica
Castanopsis hystrix
Castanopsis indica
Sapium baccatum
Acronychia pedunculata
Persea glaucescens
Talauma hodgsonii
Acer oblongum
Cinnamomum camphora
Picrasma javanica
Toona ciliata
Pterospermum acerifolium
Castanopsis tribuloides
Engelhardia spicata
Syzygium cumini
Syzygium kurzii

Persea minutiflora
 Altingia excelsa
Lithocarpus fenestratus

28.8
27.1 27.0
447
30.1 36.9
19.3
16.8
88 475

53.2 32.5 31.8

238

45.6
10.5
18.4
17.4
85
83 17.5 11.9
9.3 349
11.1
52

10.8

20.4
16.1

47.0

80.8

42.2 46.8;

51.3 44.9

DECIDUOU SBROAD-LEAVED TREES (RELATIVE BASAL AREA %)

Tetrameles nudiflora
Acrocarpus fraxinifolius
Shorea robusta

Sterculia villosa
Holarrhena pubescens
Adenanthera microsperma
Garuga pinata

Salix tetrasperma

Rhus chinensis

20.1
10.5

10.7 37.8 51.1 76.2 74.7 82.2 56.8 86.0

10.8
9.1

10.2

849 522

20.5
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showed clear existence of deciduous broad-leaved
life-form (Fig. 4). The most dominant deciduous
broad-leaved at Gomtus series was Shorea

robusta, and Tetramelesnudifolora and Acrocarpus

Fig.4 Life-form and diversity structural traits of sub-tropical broad-leavbed forest

fraxinifolius along Pasakha series while Dechiling

series was mainly dominated by Salix tetrasperma

Rhus chinensis (Fig. 4, Tab. 3).

2) Dendrogram depicting different forest types of

146



SIMILARITY INDEX (%)

PLOTS
0 25 50 7|5 100 @)

DT T H

DOMINANTS
D)

Schima, Castanopsis indica, Lithocarpus :
Fenestratus,Schorea robusta, C. histrix, ,
Acronyechia, Persea, Cryptocarya bhutanica, .
Sapium baccatum :

Schima, Castanospis tribuloides, Talauma,
Cinnamomum, Pterospermum, Engelhardia,

Shorea robusta, Schima wallichii, .
Sterculia villosa, Holarrhena pubescens :

Salix tetrasperma, Syzygium, Persea :

Fig.5 Life-form and diversity structural traits of sub-tropical broad-leaved forest

the sub-tropical belts.

The preliminary study of the three subtropical
foothills of Bhutan Himalaya showed presence
of diverse forest types. Based on the quantitative
data analysis and using similarity index at c¢. 50 %
similarity index, seven forest types were depicted

(Fig. 5);

1. Riverrine forest type:

This forest type is dominated by evergreen
broad-leaved Duabanga grandiflora, Terminalia
myriocarpa, and deciduous broad-leaved Tetrameles
nudiflora and Acrocarpus faxinifolius respectively.
Thus, such forest appears as special relic type of

forest. This type is mainly shown by Pasakha series.

2. True Oak-Laurel forest:
This type of forest represents mainly true oak-
laurel forest as clearly represented by dominats

species of Schima wallichhii, Castanopsis indica,
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C. histrix, Lithocarpus fenestratus, Acronyechia
pedubculata, Persea glaucescens, Cryptocariya
bhutanica and Sapiumbaccatum. This forest type
serves as important resources both wildlife habitats

as well as resources for the people.

3. Schima-Castanopsis (Evergreen broad-leaved
forest):

Schima-castanopsis evergreen broad-leaved forest
represents the southern sub-tropical elements and
most common type along the foothills of the Bhutan
Himalaya. These forests are also under subtle use
and appeared mostly as secondary forest. However,
in some parts of Bhutan, such forest types appeared
as climax forest reaching more than 40 m tree height

and over 100 cm DBH.

4. Shorea robusta (sub-tropical deciduous forest):
The existence and distribution of the natural Sal

forest of the Bhutan Himalaya is least studied.
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Fig.6 Life-form and diversity structural traits of sub-tropical broad-leaved forest

S.robusta is considered as one of the most valuable
species in the country and are probably the only
remnant forest regionally. Elsewhere, human
activities have become a major challenge posing
a bigger threat to the sustainability of the Sal
forest particularly, the mining activities which
are conspicuous in the area (Gyaltshen 2013).
Therefore, Sal forest is very important for the

conservation of biodiversity and fauna habitat.

5. Salix tetrasperma (deciduous wetland forest):
Deciduous wetland forest represented by the
presence of Salix tetrasperma popularly known by
the common name Pelingshingis strictly restricted to
Dechiling series (PelingTso or Pelinglake) in eastern
Bhutan. Salix in other locations were appeared
as shrubs or used for pollarding. However, in the
wetland of Dechiling, salix appeared as big tree
reaching up to 38 m high and over 100 cm DBH.
Thus, this particular ecosystem is found to be very
important for conservation of wetland and thus

habitat for other fauna including aquatic lives.

6. Altingiaexcelsa (refuge relic evergreen broad-

leaved forest types):

This forest type appeared as sporadic and in
Dechiling it appeared as dominant in many sites.
Timber from Altingiaexcelsa is durable and people
do extract Altingia timber for construction purposes.
This particular species are also found in south East
Asia like Malaysia, Indonesia and considered an
important timber species. Thus, importance needs to
be given to such forest for conservation.

The nomenclature of forest types in the present
study were purely based on the dominant species
and its environmental requirement. Therefore, the
information generated by the present study serves
as important baseline information for the good

management plan of the subtropical forest.

CONCLUSION
Bhutan still has pristine sub-tropical forest
ecosystem compared to its neighboring countries.
The present study is one of the first of its kind to
be undertaken in the foothill areas of the Bhutan
Himalaya particularly focusing on the sub-tropical
broad-leaved forest. Therefore, the present study

generated important ecological and climatological
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information.

The study clarified that Gomtu series revealed high
diversity represented by both species and families
(Fig. 6). However, this trend may be influenced by
the different sizes of the study plots. Therefore, it is
recommended to take up standard plot size in future
and the present study serves as a baseline study.

The present study suggests that such important
pristine forest ecosystem deserves to be well
protected, conserved and managed properly for
the future generation. This forest ecosystem also
harbors diverse fauna such as Royal Bengal Tiger,
Asian Elephant, among many important species.
Hence deserves to be managed sustainably, and
also should be widely known to academic society

through scientific study of this kind.
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Conservation ecology of wild leopards in the urban landscape in and
around Nairobi National park, Kenya

YAMANE Yumi

Relationship between Wild Leopards (Panthera pardus) and people in Nairobi has started when
the Nairobi became developing as a capital city of Kenya in 1907 (K’Akuma 2007). In the 1950s
and later, livestock and the guardian dog predation were addressed serious problem around this
area (Royal National Parks 1956). The population of Nairobi has reached over 3 million in 2009
(Ministry of Planning and National Development 2009). The habitat loss of wildlife caused by
rapid urbanization. We had been conducted research in and around Nairobi National Park (NNP)
which is located 7 km south of the centre of Nairobi, Kenya's capital city. The national park has
unique features that contains over 100 species of mammals such as leopards, lions, buffalos and
rhinoceroses (Kenya Wildlife Service 2014). It is difficult to believe that the leopards inhabit in
human-modified habitats. Patches of indigenous forest, river runs like leaf veins with valleys and
riverine forest provide suitable and important habitat for leopards.

The leopard known as a widespread throughout Africa to Asia because of that they are identified as
high adaptable to the various environment but endangered large felid (Nowell and Jackson 1996).
How leopards are adapted and utilize this urban landscape.

We conducted GPS collared studies on three females and one male in and around Nairobi National
Park to investigate Home range size, behaviour and habitat use. And Scat analysis to know their
food habit under urbanize landscape and conducted semi-structured interview people around
NNP to identify relationship between wildlife and people and their feeling against wildlife. The
home range of four leopards are both in and around NNP. They are possible to move residential
area. Livestock predation is the serious problem in this area, however leopards prefer to capture
Hyraxes and Impala. Feeling against wildlife of people is diverse. Depend on background of
people, they have different idea. Especially urbanized people fear large mammals.

We discussed how people in Nairobi and wildlife coexist and share this area. Moreover, we

identified the role of NNP for wildlife conservation in Nairobi through this studies.

Kenya Wildlife Service
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Responses of non-human primate community to forest loss,

degradation and fragmentation based on habitat quality analysis

in Sabah, Malaysia

BERNARD Henry

During the reporting period between January to September 2013, logging activities has only just begun at

some sites in May 2013 in Kalabakan Forest Reserve in central Sabah. Field data collections were made at

these sites to gather information on primate species presence-absence data. The main problem encountered

during the fieldwork was the rather low encounter rates of primates. Therefore, most information gathered

was based on indirect signs of animals’ presence, such as through vocalization (Bornean gibbon) and nest

(orang utan).

PROJECT BACKGROUND
One of the fundamental matters in conservation
biology is determining animal abundance.
Knowledge on animal abundance has direct
conservation management implications. Such
information is vital as a gauge to determine
the health or conservation status of an animal
population. When assessed repeatedly over the
long run, population abundance data can provide
information on long term population trends. This
is very useful for evaluating the effectiveness of
conservation management regimes adopted to
manage an animal population. Traditional methods
of assessing population abundance in primates
have almost always involved repeated field census
surveys, counting animals directly or indirectly via
their signs, that are typically labour intensive or

require large financial resources in addition to time

consuming (Ancrenaz et al. 2005, Sha et al. 2008).
They can also be difficult to carry out in dense
forest in remote areas due to logistical reasons and
especially when large areas need to be covered in
difficult terrain such as swampy or mountainous
habitats. Yet, it is in these forest types where most
primates are commonly found in the tropical
rainforests.

Davies (1994) found that, if easily digestible
mature leaves are plentiful in an area during periods
of drought or during a long dry spell event when
other more preferred foods are lacking (such as
young leaves, fruits, seeds or flowers), the site can
support a relatively large population of leaf eating
primates. This indicates that in the absence of
preferred food items, mature leaves can be a vital
food source for primates. By measuring the overall

mature leaves quality, measured in the form of

Recieved 2013.11.26 Published 2016.1.29
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protein-to-fiber ratio, several studies have shown
positive correlations between primate biomass and
this index of leaf quality (Davies 1994, Oates et al.,
1990, Waterman et al. 1988). These results suggest
that primate biomass, and therefore their abundance,
at a site may be predicted based on the analysis
of protein-to-fiber ratios of mature leaves. This
analysis has several advantages over the traditional
field census surveys in that it can be done relatively
rapidly and hence more cost effective.

The present project is a continuation of an earlier
research project with the title “The distribution and
persistence of primate species in fragmented and
converted forest landscape in Sabah, Malaysia” (see
Appendix 1). A new component on habitat quality
analysis based on protein-to-fiber ratio of leave
samples is included. It is a collaborative research
project between the Institute for Tropical Biology
and Conservation’s Unit for Primate Studies Borneo,
Universiti Malaysia Sabah and Primate Research

Institute of Kyoto University, Japan.

STUDY OBJECTIVES
The objective of the extended research project is to
quantify the habitat quality at the different sampling
sites based on the leaf quality index measured as
protein-to-fiber ratios of mature leaves to clarify the
relationship of folivores primate abundance and leaf
quality index. In doing so, this study will provide a
new dimension to assess the effect of logging on the

abundance and persistence primate community.

PROJECT PLAN AND ACHIEVEMENTS
In Phase 1 of the earlier project (2011/2012) - based
on direct and indirect sightings of primates across
a gradient of habitat disturbance, which captured

the “before” treatment effects (i.e., prior to logging

and fragmentation of habitat), we have confirmed
the presence of nine out of the total of 10 species
of non-human primates found in Sabah in all of
the surveyed sites within the SAFE (Stability of
Altered Forest Ecosystem) project area (see http:/
www. safeproject.net). In our initial analysis
using occupancy probability of primates presence/
absence data collected over a period of 12 months
(Nov. 2011-Oct. 2012), we found no evidence
of differential habitat disturbance effects on the
primate community. We also found no evidence
supporting differential habitat disturbance effects on
the primate community based on animal body size
or feeding habit. The lack of such evidence is rather
surprising and it is likely due to the artifact of small
data set of our study. Further analyses will be carried
out with more data collected. Interestingly, however,
the presence of eight species of primates within
the heavily logged forest sampling sites, which
included Bornean endemic species and species of
high conservation concern such as the orangutan,
proboscis monkey and Bornean gibbon, showed that
even highly disturbed forests are still valuable for
primate conservation. The project is ongoing and is
now in its early stage of Phase 2 where the “during”
treatment effects (i.e. the initial stage of logging
and clear felling activities) will be investigated. In
this phase, data collection will take place following
exactly the same procedure and research protocol as
those in Phase 1. Phase 2 will run for a period of 12
months from May 2013 to April 2014.

For the new component of the project, collections
of leaf samples and chemical analyses will be
conducted following procedure described by Hanya
and Bernard (2013). The principal investigator has
collected mature leaves samples of 16-20 dominant

tree species from 10 sampling sites, namely
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Kalabakan FR (8 sites), Maliau Basin Conservation
Area (1 site) and Klias (1 site), respectively.
Samples were collected in the months of June to
August 2013. A total of 196 mature leave samples
were successfully collected, dried and are now
being kept at the Institute for Tropical Biology and
Conservation, Universiti Malaysia Sabah (UMS).
Analyses are being carried out on the nutritional
contents of the plants namely, crude protein, crude
lipid, fiber and ash. Chemical analysis for all plant
samples are carried out at the lab of the Institute
for Tropical Biology and Conservation in UMS as
permission to take large number of leave samples
out form Sabah is difficult and time consuming.
Crude lipid analyses have been completed for leave
samples from Klias. All samples are now analysed
for crude protein and fiber.

In connection with leaf samples analysis, the
principal investigator is spending a three month
period, from 2nd September to 30th November 2013
at the Primate Research Institute in Kyoto Uiversity,
Japan. In Japan, the main activities to be carried
out are discussion on pooling results of chemical
analyses from different sampling sites in Sabah
and Kalimantan, preparing a draft concept research
manuscript and finalizing the draft of other research
papers. Due to the unforeseen delay in getting
chemicals for running the analyses, much of the data
needed are yet to be obtained. Though discussion
on pooling the results from the chemical analyses is
ongoing, the actual data pooling will only take place
after November 2013.

While the principal investigator is in Japan, three
draft manuscripts entitled “The distribution and
persistence of primate species in a disturbed forest
landscape in Sabah, Malaysia” , “The feeding

ecology of the proboscis monkey in Klias Peninsula,

Sabah, Malaysia”, “Terrestrial mammal species
richness and composition in small forest patches
within an oil palm landscape in Sabah, North
Borneo” have been produced. These papers are

going to be finalized and submitted for publications.

FUTURE PLAN
While phase 2 of this project will continue,
further collection of leaf samples from the field,
if necessary, will be conducted from December
2013 to November 2014. Chemical analysis will be
conducted at ITBC in UMS during the same period.
The drafts of the main papers produced in Japan
will be finalized during this period, and submitted
for possible publication. During this period also,
the principal investigator will make field visits to
assist research assistants and students to do field
census surveys for Phase 2 of the ongoing project
and to prepare for data collection of Phase 3
which will take place beyond the current proposed
research project. All future plan and activities of this
project will have no new financial obligation from
ProNatura Foundation, as the balance of the grant
awarded by ProNatura are sufficient to sustain the

research activities of the project.
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Reproductive Ecology of the world’s biggest flower

—Towards in situ and ex situ conservation

DIWAY Bibian M.

This study was conducted at Naha Jaley where Rafflesia population was newly discovered in Sarawak,

Malaysia in 2012. The life cycle of the flower was investigated aiming at to determine the growth

development of the buds to the blooming period and mortality rate of buds. We found that the Rafflesia

buds of 2 cm diameter took 15 months to grow before blooming. During blooming, the flower produced

awful smell and it has attracted flies visiting the flower. We have identified three species of flies visiting the

blooming flower that could be pollinator agent. Mortality among buds was observed at two sites, Sungai
Bukau and Sungai Koboho. We found that from a total of 12 buds recorded at Sungai Bukau 83 % died
whereas nine buds recorded from Sungai Koboho in March 2013 all are still alive until the last assessment

in October 2013. The two sites are different in soil condition. The soils in Sungai Bukau are more sandy,

shallow top soils and humus and constantly affected by periodic flood especially during raining season.

At Sungai Keboho, the top soils are deeper and rich in humus. It is possible that soils nutrient and

environmental disturbance affect the mortality of buds.

INTRODUCTION

Rafflesia, the biggest flower in the world is a
parasitic plants without leaves, stem and roots and
is therefore completely dependent on its host plants,
the Tetrastigma veins, for water and nutrients. It is
patchily distributed in the South East Asia region
from Kra Isthmus in Thailand to Peninsular Malaysia,
Sumatra, Java, Borneo and the Philippines Island
(Mat-Salleh 1991, Nais 2001). The unique biological
features and its mysterious reproductive biology plus
threat to its population put many Rafflesia species in
the TUCN Red list as a critically endangered species
(http://www.iucnredlist.org). In Sarawak, Malaysia
Rafflesia is a totally protected plant under the Wild
Life Protection Ordinance 1998.

There are 3 species of Rafflesia found in Sarawak:
Rafflesia haseltii, Rafflesia tuanmudae and Rafflesia
precei. The population distribution of Rafflesia
hasseltii in Sarawak is only confined at the south-
western most of Sarawak at Tanjung Datu in the
Lundu district (it is also found at Peninsular Malaysia
and Sumatera island). Rafflesia tuanmudae in the
early days was only confined to the south-western
region, at Gunung Gading National Park in Lundu
district and later also found at Padawan in Kuching
district and Gedong at Serian district and at Lanjak
Entimau Wildlife Sanctuary in Lubok Antu district
(Fig 1). Rafflesia precei is only recorded at Murud
Mountain in Lawas district the north-eastern region

of Sarawak. There is no record of Rafflesia found in

1: Botanical Research Centre, Sarawak Forestry Corporation
Recieved 2013.11.29 Published 2016.1.29
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Fig. 1 Distribution of Rafflesia species in districts of Sarawak (Map source: Forest Department Sarawak 2015)

the central region of Sarawak despite the possibility of
its occurrence near Hose Mountain at Belaga district
at the central part of Sarawak (Nais 2001).

The discovery of Rafflesia within the Belaga district
in 2012 at the central region is a new record for
Sarawak. Preliminary investigation of morphological
characteristic based on matured bud taken from the
catchment area and open flower from Sungai Bukau
shows that most of the morphological characteristic
are similar with Rafflesia keithii and some other
are similar with Rafflesia tuan-mudae. Because of
its unique biological features and new record to
Sarawak plus that its location at Naha Jaley is part of
Bakun Dam reservoir area, it is very important and
interesting that further study to be carried out to gather
detail information on the reproductive ecology of
Rafflesia at Naha Jaley for future conservation plan

as Rafflesia is becoming a prominent symbol for

conservation efforts.

Unlike other plants of same group that has
consistent flowering development, the life cycle of
Rafflesia that begins from seeds development to
budding then flowering is varies from one species to
other species depending on size of the flower (Nais
2001). It is also very interesting for scientist to discover
what phenomenon trigger Rafflesia buds developed
from its host plants and what factors influenced
its survival. Not all Tetrastigma vein will produce
Rafflesia flower. The mortality rate among buds
particularly in the early development stage reported
as very high, 50 % to more than 90 % and sometimes
100 % especially in species with very large flower
(Masni 1984, Hidayati 2000, Nais 2001).

Therefore, the purpose of this study is to monitor
the buds development mainly at two locations near

the village at Naha Jaley. By monitoring the monthly
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buds development we are hoping to understand the
pattern of growth and mortality rate. Though the
project is only for one year we are also hoping to
observe some factors that may influence the success
of buds development at Naha Jaley. In addition, we
are trying to propagate the host plant of Rafflesia
hoping that the host will grow and produce some

buds for future studies.

MATERIALS & METHODS

Study Site

Naha Jaley is located in the remote area of the Belaga
District (Fig. 1) at upper Balui River the main river
that flowing into Bakun Dam. The main access point
to Naha Jaley is from Bintulu town using 4WD to
Bakun Dam which takes about 3 to 4 hours and by
boat from the dam to a small village called Uma

Balui, Naha Jaley for another 3 hours (Fig. 2). The

village is occupied by the Kayan community, one of
the ethnic groups in Sarawak. Before impoundment of
Bakun dam in 2010 there were more than 200 families
stayed in the longhouse. In 2009 half of the families at
Uma Balui have move to resettlement area at Sungai
Asap leaving behind less than 100 families. The
communities here are farmers that planting hill paddy
and vegetable crops in a shifting cultivation way. They
are also forest dwellers and hunters.

Topographically, before the impoundment of the
Bakun Dam, Naha Jaley was surrounded by steep
hills and valley on both side of the river. The forests
including a range of mountains called Hose Range that
can be seen from the village was a home for hundreds
species of flora and fauna. In fact the area was one
of diversity hotspot in Sarawak. During the Wildlife
Monitoring and Rescue Operation at Bakun Dam area

before the dam impoundment a total of 86 animal
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and 349 plant species were recorded (Dagang et. al.
2012). After the impoundment a total of ~ 695 km® of
the forest area became submerged. The present forests
especially at Naha Jaley are the remaining biodiversity
hotspot in this area.

Field survey and data collection

Several field visits to Rafflesia site at Naha Jaley was
carried out from November 2012 to October 2013
following a visit in March 2012 to Bakun Logging
Camp where the Rafflesia occurrence in the area was
officially reported. Apart from Rafflesia population
at Bakun Logging, two other populations were found
first by the local communities at Sungai Bukau and
Sungai Keboho. Both of these new populations are
just few kilo meters away, less than 10 km, from
longhouse Uma Balui (Fig. 3).

Buds presence in each sites were counted, labelled
and diameter across each buds were measured
and re-measured during each visit. Open flower of
Rafflesia were observed. The species identification
of Rafflesia Naha Jaley in this study is based on

single collection of mature bud, open flower and

rotten flowers. We refrained from collecting more
samples mainly due to protective, conservation and
rarity of the plant. Species morphological character
were described and compared with other species
based on the flower size, pattern of perigone lobs,
patterns of diagfram, patterns of windows, ramenta,
number of anthers, size of aperture and number of
process. Surrounding sites condition was described

though soils tests were not covered in this study.

RESULTS

The discovery of Rafflesia population at Naha
Jaley

The existence of Rafflesia at Naha Jaley has long been
known by the local communities but never reported to
the Sarawak Forestry Corporation (SFC) or Sarawak
Forest Department or other relevant government
agencies. It was officially reported and recorded after
a visit in March 2012 by a group of Sarawak Forestry
Corporation staff with Dr. Yayoi Takeuchi. Buds of
Rafflesia were found at GPS position N 02 ° 23* 22~
and E 113° 58507, the Bakun Logging Camp.

Fig. 3 Landsat map taken in July 2013 showing Rafflesia site at Naha Jaley
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The site is within water catchment in an active timber
harvesting area. A total of eight buds were found
measuring 3.5 cm to 28 cm across the buds. Under
the Sarawak Wild life Ordinance 1998, Rafflesia is
totally protected plant thus collection of plant’s part
is strictly prohibited except for permitted research
activity with limited collection. The 28 cm bud were
taken for species identification driven by statement of
Jamili Nais 2001 that Rafflesia keithii which currently
endemic to Sabah is also possible found at Hose
Mountains within the Naha Jaley area.

In November 2012, a research grant was received
from Pro Natura Foundation to study the reproductive
ecology of the flower for one year and it was very
challenging as it is often takes more than 9 months
for Rafflesia buds to bloom plus very high mortality
during early stage of the development. As the local
communities of Uma Balui are mostly hunters and
farmers and spend most of their time roaming in the
forest thus, making them the best informant on the
existence of the flower in this area. Two new Rafflesia
site were discovered by them at Sungai Bukau N 02°
16’34.6” and E 113° 47°37.9” in November 2012 and
Sungai Keboho N 02° 21°03.9” and E 113° 54’ 13.1”

Table 1 Rafflesia buds recorded and measured at Sg. Kebuho (Mar

in March 2013 (Fig 3).

The population site at Sungai Bukau is located on
the river bank and often affected by periodic flash
flood. The soils are thin, sandy and skeletal. Whereas,
the population site at Sungai Keboho is located
on rich soils and humus, on the valley of a small
steam and unaffected by flood. It is believed that the
environmental factors in particular the soil nutrients
play role in determining the development and
survival of Rafflesia development.

During field visit in November 2012 to Sungai
Bukau four Rafflesia buds and one rotten flower
were discovered. The size of buds ranged from 18
to 20 cm across the bud. On 20 to 24 November
2012 one blooming Rafflesia were observed. The
morphological characteristic description of the flower
was mainly based on this open flower. In March 2013
new Rafflesia site was discovered at Sungai Keboho
and a total of 9 buds were recorded (Table 1).
Host plant at Sungai Bukau also produces 12 new
buds buds (Table 2). No new bud developed until
July 2013. This phenomena shows that development
of new buds is most active in early of the year during

raining season though buds development actually

Table 2. Rafflesia buds present and recorded at Sg. Bukoh (Mar

2013 2013
Buzjs No Diameter (cm) Developmental Stage Bu()is No Diameter across bud Developmental Stage
ROP 01 6.5 Stage 2 RNJO1 <2cm Stage 2
ROP 02 4 Stage 2 RNJ 02 Scm Stage 2
ROP 03 55 Stage | RNJ 03 <2cm Stage 1
ROP 04 143 Stage 2 RNT04 > em Stage 2
ROP 03 25 Stage 2 RNJ 05 2cm Stage 2
ROP 06 2 Stage 2 RNJ06 3 om Stage 2
ROP 07 25 Stage 3 (mature) RNI07 2em Stage 2
ROP 08 45 Stage 2 RNJ 03 <2cm Stage |
ROP 09 55 Stage 2 RNJ09 <2em Stage 1
RNJ 10 <2cm Stage 1
RNJ 11 <2cm Stage 1
RNJ 12 <2cm Stage 1
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Table 3 Morphological characteristic of Rafflesia cf. Keith.

Plant Part

Morphological description

Ramenta

Different species has different ramenta pattern. Important
key for species identification. Rafflesia of Naha Jaley
has unbranched apices and some with swollen head (Fig
4b). This pattern is very much similar with Rafflesia
keithii. Rafflesia tuan-mudae always with branched apices
(Fig 4a).

Perigone
lobes

The description of perigone lobes of Rafflesia Naha Jale
is not very clear or has slight different with either Rafflesid
keithii or Rafflesia tuan-mudae. The difference could bej
a variation of either species. Perigone lobes of Rafflesid
Naha Jaley has similar shape with Rafflesia tuan-mudae
but white warts present on the lobes are of more or less the|
same size but does not interspaced with numerous smaller]
white warts such as in Rafflesia keithii. The white warts|
on perigone lobes of Rafflesia tuan-mudae are not uniformy
in sizes.

The numbers of white warts across the base of lobe
in Rafflesia of Naha Jaley are more than 8, but less in|

Rafflesia tuan-mudae.

Diaphragm

The present of concentric rings of white warts each|
surrounded by red brown margin on the diaphragm of
Rafflesia Naha Jaley is similar with Rafflesia keithii (Fig 5).

Anthers

The number of anthers countered from 1 blooming and
3 decomposed flowers from Naha Jaley were 40 (2) and

41 (2). In Rafflesia keithii the numbers of anthers were|

always 40. No information available on number of

anther in Rafflesia tuanmudae.

happened throughout the year.

Morphological characteristic of Rafflesia Naha
Jaley

The description of morphological characteristic of
Rafflesia Naha Jaley was based on blooming flower
taken in November 2012 from Sungai Bukau. The
characteristic of perigone lobe, diaphragm, window,
processes, anther and ramenta of the flower were
described and compared with two closes species:
Rafflesia keithii and Rafflesia tuanmudae. The size of
the open flower was 54 c¢cm across and the diaphragm
aperture was 12.5 cm across. In Rafflesia keithii, the
size of open flower ranged from 80 to 90 cm diameter
and in Rafflesia tuan-mudae was (44-) 56 (-92)
cm diameter. The summary of the morphological
characteristic of Naha Jaley’s rafflesia is as in Table
3. The comparison of morphological character
of Rafflesia Naja Jaley with Rafflesia keithii and
Rafflesia tuan-mudae was based on description of
Nais 2001. However many information on Rafflesia
tuan-mudae by Nais 2001 was incomplete thus
comparison was based on my personal investigation

of four blooming and decomposed flower from

Fig. 4 (a) Ramenta of Rafflesia tuan-mudae. (b) Ramenta of Rafflesia Naha Jaley
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Fig 5. White warts on the diaphragm.

Gunung Gading and Timurang.

The description of Rafflesia of Naha Jaley that based
on only a single blooming is not sufficient for species
confirmation. The morphological characteristics of
Rafflesia Naha Jaley described during this project are
overlap between both species: Rafflesia keithii and
Rafflesia tuan-mudae. 1t could be a variation of either
one or probably Rafflesia tuan-mudae is a variation
of Rafflesia keithii and vice versa. Frequent and detail
observation of blooming is required however the
distant of study site and travelling cost are restriction
to this study. Alternatively, species identification and
confirmation can be done through molecular analysis
but not cover under this project.

Reproductive development: Life cycle of Rafflesia
Life cycle of Rafflesia started from the development
of buds inside the host (Tetrastigma vines) bark.
However, little is known how long it takes before
the buds emerge from the bark, as the presence of
Rafflesia buds on host vines only be noticed when
there are swollen on the vines (Fig 6a). Once the bark
cracked, the young buds whitish pink in colour were
exposed but still attached to the vine (Fig 6b). The
exposed buds were covered with dark brown bracts

until the buds reached maturity stage(Fig 6¢ and Fig

6d).

Buds development was actively monitored starting
March 2013. Based on the growth data it shows
that the growth increments was very slow in the
early budding stages of less than 5 — 6 cm across.
The growth increment of the buds increased rapidly
thereafter until it reached maturity at the size of more
than 30 cm across. One bud was measuring 35 cm
across just before blooming (Fig 6d and Fig 6e). From
our monitoring data we found out that from a size of
2 cm diameter the bud takes 15 months to bloom (Fig
7).

Mortality of buds

The mortality among Rafflesia buds was observed
and it was found out that mortality rate at Sungai
Bukau was very high compared to at Sungai Keboho.
From a total of 12 buds observed since March 2013
only 2 still alive until November 2013 which mean
83 % died. At Sungai Keboho however all nine buds
recorded and labelled in March 2013 were alive and
up to last monitoring in early November 2013 four
already bloom and another two will bloom together.
Cause of bud mortality is unknown and not covered in
this study. Based on other reports it was assumed that

mortality probably due to lack of nutrient, predation
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Fig. 6 (a) Rafflesia bud still inside the host’s bark. (b) Rafflesia bud emerging from the host’s bark revelling pinkish white cabbage. (c) The
bud is protected by dark brown bracts during most of development period. (d) Mature bud that ready to bloom exposing brownish orange
lobs. (¢) Blooming Rafflesia on the third day opening. (f) Central disk that will be hardened to form the fruit
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Fig. 7 The monthly growth rate of Rafflesia bud (cm)
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by animals, infection by wasp larvae. It was always
reported also that buds development is sensitive to
disturbance. Site at Sungai Bukau is also a picnic
area for local communities from Uma Balui thus, the
Rafflesia site was often visited by public. However it
is not proven if constant visit by human contributed to
high mortality of buds at this site.

A camera trap, Bushnell, was installed at the study
site to record animals visited the site. It was mentioned
in previous reports that some animals: the long-tailed
mountain rat Niviventer rapit has been seen eating
buds of Rafflesia precei (Nais 2001). Among animals
visited the area are including sun bear (Helarctos
malayanus), bearded pig (Sus barbatus), mouse dear
(Tragulus javanicus), greater mouse-dear (7ragulus
napu) long-tailed macaque (Macaca fascicularis),
porcupine (Hystrix sp.), and civet. No record showing
those animals disturbed the buds.

Pollinator

Pollination process is another important stage in the
life cycle of Rafflesia. Rafflesia flower produced foul
odour when opened and lasted for few days. Insects
especially flies were attracted by the odour that came
from inside of the flowers. Specimens of flies were
collected from the site and handed over to Mr. Het
Kaliang (Sarawak’s entomologist) for identification.
All specimens were identified as under order of
Diptera and represented by three species of different
families. One specimen has been identified as
Calliphora sp. and another two are not identified (Fig
8). However detail observation of flies’ activities to
confirm if those flies are pollinators were not covered.

In situ and Ex situ conservation of Rafflesia

In situ conservation of Rafflesia means propagation
of the Tetrastigma vein at its native origin the Naha
Jaley area (Fig 9). Suitable sites for planting were

surveyed taking into consideration of accessibility,

free land that does owned by individual, dense
canopy cover and rich soils. The Tetrastigma veins
are common found on moist soils and soils rich with
humus, often near stream, under close canopy cover
and moderate cold forest floor.

Planting materials consisting of seedlings, stem
cuttings and root cuttings were collected from
Bakun Logging Camp in July 2013. Immediately
after collecting the planting materials were brought
back and planted at selected area close to Uma
Balui. Some of the cuttings were brought back to
our centre at Kuching to be planted in our garden.
After four months of planting, two cuttings at Naha
Jaley produced young shoots and only one alive at
our centre. It is well known that propagation from
climbers is not easy and even though the planting
materials grow it does not guarantee that the Rafflesia
will develop from the vein. However conservation and
propagation of Rafflesia have to start with propagation
of it host plant.

CONCLUSION AND RECOMMENDATION
Rafflesia is a holoparasitic plant that depends entirely
on its host plant the Tetrastigma vine for survival. The
discovery of the buds in March 2013 at Naha Jaley,
Belaga is a new record to Sarawak as this is the first
known population in the central part of the state. Upon
discovery of the bud, a follow up research has been
carried out since November 2012 until October 2013.
During this period comprehensive study has been
conducted to examine the reproductive ecology of the
flower covering the species identification, life cycle,
mortality among buds, pollination and application of
ex situ and in situ conservation of the host plant.

The flower has been pre-identified as Rafflesia cf.
keithii as its morphological characteristic overlapping

with R. keithii and R.tuan-mudae. The life cycle of
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Fig. 9 Propagation of host plant for ex situ conservation of Rafflesia

the buds from the size of 2 cm across to blooming  which maybe the potential pollinator agents of the
stage takes about 13 months. The flower that produces  flower. In this study we have found out that at two

rotting odour has attracted flies visiting the flower = monitored study sites, mortality rates among buds was
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very high at one population at very low (almost 0 %)
at another population. Causes of mortality rate among
buds are unknown and not covered in this study,
though camera trap was installed at one of the sites to
monitor the animal activities that we assume could be
one of the predators to the buds.

However, in this one year study the findings are
not comprehensive enough. Further monitoring
and investigation need to be continued. This
baseline information is very important for the future
conservation management plant for the flower and its
habitat. As there are local communities living nearby
the Rafflesia sites and they were the first person
discovered the flower it is very important that the

conservation planning to incorporate and benefit them.
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Population structure, regeneration characteristics and conservation
strategies of relic Cathaya argyrophylla in Southwest China

YANG Yongchuan '

Cathaya argyrophylla Chun et Kuang (Cathay Silver Fir) is a mono-species: Cathaya of Pinaceae. It is a
rare and one of the most endangered relict gymnosperm species endemic to China thus has been named as
the ‘giant panda’ of the plantkingdom. C. argyrophylla is very valuable in the research of plant evolution
and phytogeography. The understanding of habitat and population status of this species has up to now been
limited because of insufficient investigations and researches, especially in recent 30 years. We investigated
the habitat characteristics and population structure of this Tertiary relict species in the Dalou Mountains,
located on the boundary of Chongging Municipality and Guizhou Province, Southwest China, On the basis
of quantitative data on floristic composition as sampled in 22 plots, four plant communities containing
C. argyrophylla were identified: (1) Cathaya argyrophylla-Pinus massoniana-Cunninghamia lanceolata
community, (2) Cathaya argyrophylla-Cyclobalanopsis gracilis-Cunninghamia lanceolata community,
(3) Cathaya argyrophylla-Fagus hayatae community, (4) Cathaya argyrophylla-Cyclobalanopsis gracilis
community. C. argyrophylla mainly occurred in narrow ridges and seldom gathered in hat-shaped crest
flats at the altitude from 1250-1750 m close to the highest peaks of the mountains. 522 living individuals
and 25 dead (above 1.3 m in height) and 44 seedlings (under 1.3 m in height) were found in the 22 plots
with the area of 7340 m? covering most of the distribution sites of this species in Dalou Mountains. The C.
argyrophylla trees studied had a maximum DBH (diameter at breast height, 1.3 m above ground level) of
59.5 cm (c. 270 years old) and an average of 11.9 cm (c. 85 years old), with a maximum height of 24 m,
averaging 7.7 m. The population showed an inverse-J type of regeneration pattern in the study area, while
the recruitment limitation of seedlings was very obvious in recent years. C. argyrophylla is a long-lived
pioneer and mainly dominates in the canopy layer. Our study on the ecology of C. argyrophylla yields a
scientific basis for recommendations for the conservation of its natural populations.

INTRODUCTION

The mountain regions of Southwest China harbor
high plant diversity and rich Tertiary relicts and
endemism, and are glacial refugia for many plants
(Lopez-Pujol et al, 2011, Tang et al. 2013a, 2013b).
Most of this region was never covered by ice-

sheets during the Last Glacial Maximum (LGM)

and thus becomes one of the most important global
Pleistocene refugia for lineages that evolved prior to
the late Tertiary and Quaternary glaciations (Wang
and Ge 2006). China has experienced a major loss of
natural habitats, particularly from the 1930s onward,
mainly due to the overlogging of forests for timber,

fuelwood, and paper, as well as from the conversion

I: Faculty of Urban Construction and Environmental Engineering, Chongging University, China
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Fig.1 The distribution of C. argyrophylla ( O ) in China and investigation sites ( A ) of this research

of natural forests into mono-specific plantations and
croplands (Tang et al. 2013a). In the subtropical
region, vegetation grows in a multidimensional
pattern, the dominant vegetation being the evergreen
broad-leaved forest. Topographic features are
very important for creating diverse patches for the
survival of many relic species (Tang et al. 2012).
Cathaya argyrophylla Chun et Kuang (Cathay
Silver Fir, Pinaceae) has been categorized as a
palacoendemic, with a fossil history dating at least
to the Cretaceous and ever widely distributed in
Eurasia from Pliocene to Miocene (Xie and Chen,
1999). It is a rare and one of the most endangered
relict gymnosperm species endemic to China, and

has been named as the ‘giant panda’ of the plant

kingdom (Wang and Ge 2006). It’s now only found
in limestone karst area in Southwest China and
Central-south China. The total individuals of the
species is about 4,006 and can be divided into four
relatively large populations distributing on Dalou
Mountains (1,888 individuals), Mt. Yuechengling
(1,096 individuals, Huaping and Luohandong),
Mt. Dayao (143 individuals) and Mt. Bamian (879
individuals) (the locations see Fig.1). However,
each large population still consists of several small
patches. Mt. Jinfo and Dashahe of Dalou Mountains
contain largest number of big trees (400 individuals,
H =5 m) and total individuals (1,056), respectively
(Feng 2006).

Because of its unique systematic positionin
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Table, 1 Climate characteristics of the Dalou Mountains

Meteorological observation station Mt. Jinfo Dashahe

Altitude (m) 1905.9 1435
Mean annual temperature (°C) 8.3 11.2
Monthly mean temperature for July (°C) 17.9 21.1
Monthly mean temperature for January (°C) -2.3 0.5
Extreme maximum temperature(°C) 29.1 33.1
Extreme minimum temperature(°C) -14.4 -11.4
Mean annual precipitation (mm) 1382.1 1255.2
Mean annual relative humidity (%) 89 86

the family Pinaceae and importance in the
studies of palaeoclimate and palacogeology, C.
argyrophyllahas attracted many investigations on
different aspects of its biology and ecology just
after it was named in 1958 (Chun and Kuang 1958,
Wang 1990). Most of the research on the ecology
aspect of C. argyrophylla was intensively conducted
in late 1970s and 1980s, including its comtempory
natural distribution, community classification,
population biomass, population regeneration and
growth characteristics (Wang et al. 1964, Ying et
al. 1983, Xu and Liu 1983, Guan and Chen 1986,
Qi and Xiao 1988, Xie and Chen, 1999). However,
the forest management policy and biodiversity
conservation efforts have been largely changed in
the recent 30 years, such as the establishment of
Mt. Jinfo National Natural Reserve and Dashahe
Provincial Nature Reserve, resulting in the C.
argyrophylla patches and their matric vegetation
changed consequentially. Basic information on the
current population size, structure and regeneration
of this species is still scanty. Such information
is essential to the development of effective
conservation strategies.

The aim of the present study was to (1) investigate

the distribution pattern, population structure and

Climate data from Feng (2006).

regeneration of C. argyrophylla trees, as well as
the floristic composition in their habitats, and (2)

recommend methods of conservation.

METHODS

Study site

The Dalou Mountains are a range of limestone
mountains running 300 km north east to south
west across the Yunnan-Guizhou Plateau spanning
Guizhou Province and Chongqing Municipality,
SW China (Fig.1). At 2,251 m, Mount Jinfo in
Nanchuan District, Chongqing Municipality is
the highest peak. Dalou Mountains are refugia
of many Tertiary relicts, such as Ginkgo biloba,
Cathaya argyrophylla, Davidia involucrate,
Liriodendron chinensis, Cercidiphyllum
Japonicum, Tetracentron sinense, Emmenopterys
henryi, Tapiscia sinensis, Euptelea pleiosperma,
Taxus chinensis, Torreya fargesii, Keteleeria
davidiana, Amentotaxus argotaenia, Pseudotsuga
sinensis etc. (Yang et al. 2011, Tang et al. 2012).
The altitudinal distribution range of C. argyrophylla
was found to be 1250-1750 m. The two meteor-
ological observation stations are just covered the
range. According to the records (Table. 1), climate

of Dalou Mountains is subtropical monsoon, with
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a mean annual precipitation of 1255.2-1382.1 mm,
of which 80 % occurs in the summer months June-
September. Mean annual temperature is 8.3-11.2
°C, with a monthly mean maximum temperature of
17.9-21.2 °C in July and a minimum of -2.3-0.5 °C
in January. The mean annual relative humidity is 86-
89 %.

(a)

The mountain forests are structurally and
floristically heterogeneous responding to factors
such as climatic conditions, topographic situation,
and human activities. The remnant small patches
containing C. argyrophylla are scattered in Mt.
Jinfo National Natural Reserve in Chongging

Municipality and Dashahe Provincial Nature
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Fig. 2 The spatial distribution of C. argyrophylla along a narrow ridge: (a) in actual stand; (b) in micro-topography eLiving individuals,

o Dead individuals
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Reservein Guizhou Province. According to the
size and accessibility of the fragmented forests, we
established 22 plots to abundantly represent various
plant community types containing C. argyrophylla.
12 plots were established in Mt. Jinfo National
Natural Reserve and the other 10 in Dashahe
Provincial Nature Reserve. The plot sizes range

from 45 m? to 800 m?,

Field data

We recorded all the species and measured their
diameters at a height of 1.3 m (DBH) and the height
of woody species > 1.3 m tall in the 22 plots. The
coverage and maximum height of each species in
the herb layer were recorded. Each tree seedling
was identified, measured by height, and counted. In
this study, young individuals lower than 1.3 m were
counted as seedlings. We measured contours and
drew micro-topographic maps. The location of each
individual was mapped for each plot. Thirty trees

of the C. argyrophylia were sampled at a height of

*Crnninghamia lanceolata
Rhododendron mariesii

1.3 m using increment borers. The dominant species
were determined according to the relative basal
area (RBA) of each species (Ohsawa 1984). Plant
communities were classified using TWINSPAN. The
PCORD program was used to perform the analysis
(McCune and Mefford 1999). The field work was
carried out from October of 2012 to August of 2013.

RESULTS AND DISCUSSION

C. argyrophylla mainly thrive in narrow ridges
(2-3 m wide, see Fig. 2), occasionally gathering in
hat-shaped crest flat. Their habitats are relatively
stable but with dry and thin soil. A typical micro-
topography map in a ridge habitat is shown in Fig.
2b.

Stands characteristics

In total, 110 woody species of 65 genera in 30
families were recorded in the 22 plots containing
C. argyrophylla (Table 2). TWINSPAN clearly
distinguished four forest groups at the division

level two: (1) Cathaya argyrophylla-Pinus

*Fagus hayatae
*Enkianthus quinqueflorus
Gamblea ciliata var. evodiaefolia

Castanopsis carlesii var. spinulosa

Forest group
1 2
Cathaya argyrophylla Cathaya argyrophylla
Pinus massoniana
Cunninghamia lanceolata

Dominants

Lithocarpus henryi
Fagus longipetiolata
Quercus aliena
Carpinus fangiana

Cyclobalanopsis gracilis
Cunninghamia lanceolata

Daplmiphyllum macropodum

3
Cathaya argyrophylia
Fagus hayatae

4
Cathaya argyrophylla
Cyclobalanopsis gracilis

Cyclobalanopsis stewardiana

Lyonia ovalifolia

Fig. 3 TWINSPAN classification of 22 plots, and dominants in each forest group. Indicator species for each division are shown.*=Species

occurred as dominant species
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Table 2 Floristic composition of woody species(height=1.3 m) for the four forest groups

Forest group Groupl Group2 Group3 Group4
Altitude (m) 1250  1425-1580  1485-1700 1750
No. of Plots 2 10 8 2
Plot size (m”) 250-450 100-600 45-640 800
Species Life foom RBA(%) RBA(%) RBA(%) RBA(%)
Cathaya argyrophylla ECT 44.42 37.55 40.06 52.54
Cunninghamia lanceolata ECT 16.20 6.36

Pinus massoniana ECT 20.32

Pinus kwangtungensis ECT 0.10

Taxuswallichiana var, chinensis ECT 0.37

Pinus tahwanensis ECT 235

Juniperus formosana ECT 1.06

Cephalotaxus fortunei ECT <0.01

Torreya fargesii ECT 0.27
Schima sinensis EBT 1.84 1.12 0.51 0.07
Polyspora speciosa EBT 1.23 0.07
Elaeocarpus japonicus EBT 3.99 0.46

Castanopsis carlesii var. spinulosa EBT 3.10

Quercus phillyrecides EBT 0.21

Cyclobalanopsis gracilis EBT 12.46 4.92 13.48
Daphniphyllum macropodum EBT 0.28 5.27
Hex corallina EBT 0.05 0.91
Cyclobalanopsis multinervis EBT 2.44 0.35
Rhododendron coeloneurum EBT 1.43 0.33
Cyclobalanopsissessilifolia EBT 0.11 0.06
Ternstroemia gymnanthera EBT 0.01 0.01
Rhododendron longipes var. chienianum EBT <0.01 0.19
Lithocarpus henryi EBT 4.65

Cyclobalanopsis stewardiana EBT 3.15

Cyclobalanopsis oxyodon EBT 1.04

Castanopsis platyacantha EBT 0.75

Vaccinium laetum EBT 0.12

Symplocos stellaris EBT 0.08

Daphniphyllum oldhami EBT 0.08

Lithocarpus hancei EBT 0.05

Metapanax davidii EBT 0.03

Neolitsea confertifolia EBT 0.02

Symplocos stellaris var. aenea EBT 0.02

Neolitsea aurata EBT 0.01

Lithocarpus rosthornii EBT 0.07

Lithoearpus cleistocarpus EBT 0.03

Quercus engleriana EBT 7.71
Litsea wilsonii EBT 0.02
Stranvaesia davidiana EBST 0.23 0.04 0.13 0.04
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Lyonia ovalifolia

Pieris japonica

Microtropis triflora

Eurya brevistyla

Camellia pitardii

Gamblea ciliata var. evodiaefolia
Enkianthus quinqueflorus
Hex hylonoma
Rhododendron stamineum
Quercus spinosa

Symplocos discolor

Pieris formosa

Hlicium micranthum
Osmanthus armatus
Macropanax rosthornii
Symplocos anomala
Lindera fragrans

Ilex suaveolens

Symplocos lancifolia
Lyoniaovalifolia var. elliptica
Euonymus alatus
Dendropanax dentiger
Symplocos multipes
Viburnum atrocyaneum
Eurya alata

Pittosporum podocarpum var., angustatum
Rhododendron adenopodum
Vaccinium wrceolatum
Cotoneaster salicifolius
Berchemia floribunda
Liquidambar acalycina

llex micrococca

Quercus aliena

Sorbus folgneri
Zanthoxylum ovalifolium
Acer davidii

Fagus longipetiolata
Carpinus fangiana
Toxicodendron succedaneun
Acer sinense

Clethra cavaleriei
Sassafras tzumu
Emmenopterys henryi
Carpinus fargesiana

EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBST
EBS
EBS
EBS
EBS
EBS
EBS
EBS
EBS
EBS
DBT
DBT
DBT
DBT
DBT
DBT
DBT
DBT
DBT
DBT
DBT
DBT
DBT
DBT

0.53
1.34

0.92
0.20

2.59
1.65
0.24
0.02
0.01

0.63
0.26
0.22
0.15
0.01
0.01
0.01
0.01
0.01

0.03

0.03

0.01
<0.01
<0.01

1.94

3.50
0.32
<0.01
0.04
4.05
3.36
1.00
0.71
0.56
0.48
0.33
0.26

2.26
1.84
0.01
0.06
0.02
5.25
0.91

0.02
0.01
0.01

0.05

3.21
<0.01

0.08
<0.01
1.47

3.17
443

2.62
0.05

0.15
0.02

0.21
0.26
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Betula utilis DBT
Rhuspunjabensis var. sinica DBT
Fagus hayatae DBT
Cladyrastis delavayi DBT
Cornus oblonga DBST
Litsea populifolia DBST
Sorbus glomerulata DBST
Abelia parvifolia DBST
Viburman sympodiale DBST
Cerasus dielsiana DBST
Styrax roseis DBST
Platycarya strobilacea DBST
Sorbus megalocarpa DBST
Ficus heteronorpha DBST
Mallotus tenuifolius DBST
Schoepfia jasminodora DBST
Rhododendron mariesii DBS
Rhododendron simsii DBS
Vaccinium henryi DBS
Viburnum erosuni DBS
Rhododendron changii DBS
Photinia parvifolia DBS
Corylopsis sinensis DBS
Euonymus sanguineus DBS
Viburnum setigerum DBS
Rhododendron platypodum DBS
Dipelta yunnanensis DBS

0.05
0.02
38.06
2.80
422
0.51
0.06
0.01
0.01 0.01
0.42
0.27
0.27
0.07
0.06
0.01
<0.01
4,16 0.12 0.11
1.21 0.08 0.06
0.05 0.08 0.54
0.01 <0.01
0.04 0.10
0.08
0.01
<0.01
<0.01
0.11
0.07

Dominant species are indicated by bold face.

ECT: evergreen coniferous tree, EBT: evergreen broad-leaved tree, EBST: evergreen broad-leaved small tree, EBS: evergreen broad-
leaved shrub, DBT: deciduous broad-leaved tree, DBST: deciduous broad-leaved small tree, DBS: deciduous broad-leaved shrub, RBA :

relative basal area.

massoniana-Cunninghamia lanceolata community,
(2) Cathaya argyrophylla-Cyclobalanopsis
gracilis-Cunninghamia lanceolata community, (3)
Cathaya argyrophylla-Fagus hayatae community,
(4) Cathaya argyrophylla-Cyclobalanopsis
gracilis community (Fig. 3). The first two groups
were distributed in relatively lower altitude and
characterized by Cunninghamia lanceolata and
Rhododendron mariesii, typical indicators of
anthropogenic disturbances, while the latter two

were relatively natural. The co-dominant species

of type 3, Fagus hayatae is a typical relic species
endemic to Mainland China and Taiwan.
Population structure and regeneration

The relationships (y = 3.88 x + 39.16, r’*= 0.77,
n = 30) between age and DBH show a positive
correlation (Fig. 4).

In total, 589 individuals of C. argyrophylla
were found in the 22 plots, of which 522 living
individuals and 23 dead (above 1.3 m in height)
and 44 seedlings. The populations above 1.3 m

tallas a whole had an inverse-J type DBH and age
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distribution, with the peak in the size-class 0-10 cm,
including 45 to 78 year-old trees (Fig. 5), highly
coinciding with the anthropogenic disturbances
history. Forest group | and group 2 experienced
relatively strong anthropogenic disturbances from
1930s to 1970s, mainly due to the overlogging of
forests for timber, fuelwood, as well as from the
conversion of natural forests into mono-specific
plantations (such as Cunninghamia lanceolata
plantation) and croplands as those in whole China.
And the forests containing C. argyrophylla have
been strictly protected from early 1980s. The
regeneration peak of Group 1 and Group 2 occurred
just during 1930s to 1970s. On the contrary,

Group 3 and Group 4 are far from the human

220

assie] y = 3.88x + 39.16

=0.77
n=30
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settlements and difficult accessibility avoiding the
direct anthropogenic disturbances, and showed
multimodal-shaped DBH distribution (Fig. 6).

C. argyrophylla included a maximum DBH 59.5
cm (c. 270 years old) and an average of 11.9 cm
(c. 85 years old), with a maximum height of 24 m,
averaging 7.7 m. The regeneration was weak in the
recent 40 years, especially in the past 20-40 years
(Fig. 5b). Almost all the healthy seedlings were
found in sun-exposed sites including canopy gaps
and forest edges with thick moss (at least 5 cm) and
no surviving seedlings were found in any understory
having bamboo, Fargesia spathacea with coverage
greater than 40 % in any plot. The poor seedling

bank in the study forests is apparently due to the

I
0 10 20

30 40 50

DBH (cm)

Fig. 4 The relationship between diameters at a height of 1.3 m (DBH) and ages for C.argyrophylia.
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Fig. 6 DBH-class frequency distribution of C. argyrophylla in the four forest groups
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presence of the shade of other trees and understory
dwarf bamboo.

C. argyrophyllais a pioneer tree characterized
by unusually low fertility and very low seed
germination, seedling survival and growth rates.
On average, there are only 4.3 seeds per cone, with
as many as 12.2 % of cones producing no seed;
in addition, cone production is very low in nature
and the percent of seed germination in the field is
only 21 % (Xie and Chen 1999). In extreme cases,
not a single tree produces viable seeds in some
populations. The 10-years population demographic
comparison at the same sites in Dashahe showed
most of the seedlings (H < | m) disappeared (Table
3). That also means the documented number of C.
argyrophylla population (in total 4006, including
seedlings) of whole China is largely overestimated.
Furthermore, some small trees with the size class
less than 10 cm were depressed to die under
the canopy of other big C. argyrophylla trees or
evergreen trees (Fig. 2 and Fig. 4a). So, the existing
populations of C. argyrophylla are declining and
are at risk of being replaced by fast-growing, broad-
leaved trees (Xie and Chen 1999, Xie et al.1999).

Conservation

Many Tertiary relict tree species are now
represented by only a few living specimens in
China. Their conservation is of great concern for
China and for the world, because of their rarity and
their phylogenetic traits (Tang et al. 2013a, Wang
and Ge 2006). Our research on C. argyrophylla in
Dalou Mountains containing 566 living individuals
(including 44 seedlings) coved most distribution
sites of the area. Most populations of this species
were small in sizes, and the ability to compete with
other species and recolonize new habitats is very
low for it has been restricted to the cool, moist
forests, predominantly on the open slopes and the
highest peaks of the mountains. It seems unlikely
for the C. argyrophylla populations to expand their
range without human intervention.

Efforts to conserve C. argyrophylla still will focus
on in situ strategy for there are no successful ex
situ conservation cases because of special effects
of co-existence ectomycorrhizal fungi. Reasonable
thinning of companion trees or selected-cutting
big branches, especially of those evergreen trees

to improve the light conditions for the depressed

Table 3 The C. argyrophylla population demographic comparison at some sites between 2003 and 2013

. Height (m)
Location Year Total No. =03 0705 0.5-1 15 510 =10
2003 59 1 3 14 1 23 6
Shuijingwan 5,3 34 - 5 - 6 13 10
Il 2003 100 56 5 7 18 12 2
Shiziling 2013 48 I : { 23 19 4
iy 2003 148 14 1 10 68 38 7
Shixianglu 5474 107 2 3 2 54 40 6
2003 278 141 18 24 71 21 3
Shadang 2013 73 2 ; . 36 29 6
e 2003 28 10 ] - 2 5 1
engziyan 2013 26 10 - - 1 4 11

Data of 2003 from Feng (2006) and data of 2013 from this research
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small C. argyrophylla trees is very emergent, Also
it is critical to increase the population of seedling
bank of C. argyrophylla by protecting moss and
controlling invasion of dwarf bamboo to enhance
recruitment or even transplanting the seedlings of C.

argyrophylia in gaps to ensure their survival.
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FAPEHRENC B B EFYF Y > (8R4, Cathaya
argyrophylla) OEARENGE, FAERHE X CAREHNIE

A

Cathaya argyrophylla Chun et Kuang (Cathay Silver Fir) ( #84%%, F>/Y /)% Pinaceae( <
W) Cathaya( hZ ¥ B)D 1 @ | FOETHB. HFLETHS L LEICPEHEEDRD
MR L TV AETFESTHEIOU EDTHD, WYROY vy A7 v by A e
N T &J=. Cathaya argyrophylla I3FEYDH#E(L 35 & ORI OZRIC BOWCIFEICEE
TH 5. FHCTO 30 FMICBNTEHDEHREPTHRD RSN TWRW eI, FED
LB HIP AT ORVUCBI T 2 FHIRE L TREN DL E> TV 5. RAIEHE
PR E O EER T B & T EMNEDOEENICHIE 9 % Daloushan [LHHIC BT, TODH
SAGETFEOE B ORI AAREIEIC BT 5%t 21T 2. 22 0y FTHRLHN
FeAE YA RS AR FRIC B 3 B MM T — 2 IS E D ¥ Cathaya argyrophylla %2 A CWABLLTFD
4 BENRY & Nz L (1) Cathaya argyrophylla-Pinus massoniana-Cunninghamia lanceolata
community, (2) Cathaya argyrophylla-Cyclobalanopsis gracilis-Cunninghamia lanceolata
community, (3) Cathaya argyrophylla-Fagus hayatae community, (4) Cathaya argyrophylla-
Cyclobalanopsis gracilis community. Cathaya argyrophylla 3 1L#hOE S @O LTEIC LW S
1250 ~ 1750 m a.s.l. D FITIOEIRICHBIL, U RO EEICER LTz,
Daloushan [LiHHIC 351} 2 RO AR ZIZ E AL AS—F 3 1340 m* D 22 o b
BWT, 522 DEFEAL 25 ORFEMEE EE 1.3 m DLE) LT 44 D%4: (1.3 m Kifil)
DR E Nz, 8 Uz Cathaya argyrophylla BRI 351) 2 & E RO R AAHEIE 59.5 em (33
&7 270 S, AR 1.9 em (B&Z 85 £4) T, Ml ORAMMIZ 24 m, FIHEIS 7.7
m THoizc. AFBHICH B EERHIY ) FERIOFE S X —VERLED, EEICE
WTEEOBEMBLNTWS C LIFmHTHLMNTH 7. Cathaya argyrophylla i3 E
FmOLEREY CHICHEE TIEB 5T 5. B4 D Cathaya argyrophylla DHHEIC BT 5 B
id, BARARHR R ZHESE T SRP20RILE AT EDTH 5. (FEIFIERR 7R

l

I BRI - BUR TS0, thiE
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2012 FEfE BB

IKH THUR SN B RBAIDFEHAD R 32— X,

Krict A 30 Y NFITRIFT

A=Y

=i

DfFEH]

R — X DREIEPHEWR T IV —T
A 5

B TR S N A RBFINERY) 2—%, LA TY IYNFICMIT T BRI, AATH
HEINTWVD I UNFOREFMWHIIKEATOHALVYBRENE > &2V, ZT T, KHTOH ALY
BiBRM A T I VNFICRIF T ERZNSMCT B L2 HIC, EilH, duigmEhiific Buvwokm
3 OIS LRI, JECEE, Ju—KEREIEANR. BT R, KENE L OB
T3 1544 £ 24088/ H « 58, mEL BN T 091 £ 0328/ H - BTHO, /KAEBEL DS THE
IZZ o7z (p<0.0001). J0=—pEZRIE, /KHMNSEOIESTIE 1.48 +0.31, 7KHEE < O TIE 0.76
£0.10 THH, IKHD SOV OIE 5 WEEMTA K @ o7z (p < 0.01). REFEClEIAEE an=—
BREFRIGEUTHHBI L Tz (p < 0.01). TS OR5HIE, Y ANFREIEDHFINIZKHTA A LR E

LT ENARAFNERNTH S T L&, HBEFNIIYNFOI0Z—RERIC

RLTWVS.

WBEH5AB R

F—U—F 1 xF=aF /A K, JufEE, OKH, AALY

. EC&IT

KU =R IITHNERER (Aguilar et al. 2006)
BV TE, BARER (Ricketts et al. 2008) I
BOTENAIRGERERY —EAZIRHL T
5. TNDZA, EFEORY x—2DRA, T
SAREYIMEARRE DR, FRAEVIOEPEIC & > TR
A TH O, RN RTEENET > TV 5.
KBiE, ZOEREER, BRXURFKERICE
WC, oL FERRY A —XD—DTH
% (Pottsetal. 2010). & D blF, LAITIVY
INF (Apis mellifera) F a0 =—H A4 ZDKE
ERHIRV DR SHFEOH A TRAERERICBWL
T, RUR—ZHEMELTE - K flib
NTWs. I5IC, TAL - HhlEk, BXU
HEHOLRMICHd 2 ERME X B 1CDN,
{ERMREA Y 72 2 NFATHRAT L T B 1EE A

AL TV (Aizen et al. 2008).

DRV 2 —ZFEME A IV IV NF DO
0= —Had DA RIS E TN TS (Pettis
and Delaplane 2010, vanEngelsdolp and Meixner
2010). EFHHETHUM S N B RED, DI
YNFRADERDO—-DE LT, BbNTEk
(Allen-Wardell et al. 1998, Oldroyd 2007, Orantes-
Bermejo et al. 2010). & <IZ, TAFEZUHIC A
ENMEAKLTWE A =aF /1 FREEANE
VINFICRAN 508 e 5 A % L EESRIT TR
LTC&Ek. 2A=aF /A FRESAIZIRER
itz &5, fEEOEEJ 2 & SEHI AV
TENCBITS 5708, AMEsERT TiR%E<,
BUEMDER- LTV 2E, {thzEalriey)
MR EZ RITT T ENEREINTEE
(Tasei et al. 2001, Abbott et al. 2008). HATE,

~
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HAZEIRIE B ADAD 2008 4005 2010 41T
To7e7vr—FHETE, s, sz
USRI T D A LT BABROD Fz DI B E
a4 =aF /A FREBANCKZREREIY
NFHHE (KD DEERDORESN TS
(Taniguchi et al. 2012).
FAZAF A FRBDAID IV NFIC KE
EICDWTIE, ThETHE K OMSENE
INTER. LML, INXTOMHEHIDIZE
AEREN, FREPEHENARLETITDbNIZED
Thb, BHTHRA=ZOF /A FREDAINI
WIONFT KA T 58 2 I U 7Bl IER IS 7%
W (7272 L, Marzaro et al. 2011, Girolami et al.
2012, Krupke et al. 2012). Z T T, FEFHHTH
I ND BN I VNFICRITTHER TN T
HoMCT 2 EZHNE LT, HRATIYN
FOREFEHEMER L TS, BfdmEhR
EBICBNT, KT < Ol &K 5 s < Bt
NTIEGRT, BRSO OFECHRE, BX
Uan=—pERZ LTz

. A&

JedgsER) T, & RE T, Ay, FRlic
BOT, KL (&2 & &LVIKED S DR
BEZN 1 km DAN) D% 8 Do, /KD 5
EENTz (8- &8I < OKHEN S DFEED 2
km D |) W72 4 T v X LISEATZ. R
A EIOKHATEX, 7ML S 8 H Al
KT T, 2~4RHALVHRDIZDITHETR
RIS TN TS (JA 70T E 2011).
BN s ano—9 DI YA LICHER OO
Z—EO, 0R2FETHILENMS8H26H
£T, W2, 3m, BEZFHEL, Koo
Z—DHMET ORI ZE A T2, B RGO
JEC AR S EO T 51, BXZ 2 HM
ZlicEgEoMEBEEAY ML, an=—
REHRZRE Ul i) E @ik o > M,
HHIND TR TOHM 2K DINTHI LTl
KU, ERICERGBEEIDOVTVESEE
FHMR—HT=D 2000 G5 & A5 LTz, &5
MO, IKH TRBFIDEAR TN TV 255,

X1 BHOAL CGR AiCARRIEL TV ALY IVNT
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X1 PHLHELOKIT A A LS BBRICHUE & e BRI O FERA & 5t H

A fF AT H A 4 A AT PR
7TH20H BN TH29H F T r—
TH21H BN 4= TH30H  AFIaTIR
7TH21H Th7 Ty IR 7TH30H yaFy =
7TH22H BN ENTAVZS 7TH31H TFTa—b
7TH24H raFr=vr 8H3H R
7TH24H EANVE N a=300/ 8H3H =F T
7THZ24H BN =0 8H6H AIF a7 IR
TH25H ERNE T A=07/5 8H6H AF /a7 YR
7H26H ESN e 4= 8HTH B
7TH2 H TFTu—)L 8H9H NG|
7H27TH BN ENTA=DZFS 8H9H TFTe—
7THZ28H B 8 H 10 H R
TH29H DAV 8H 14 H =FTr—)
TH29H AF a7 YR 8717 H A
7TH29H TFTa—)L 8 H 17T H !
TH29H AF a7 YR 8J1 23 H N

HERNOFFHIC DWW T E IO T Z T - 72 . #E%R

fRHTICIE T XTI EGET IV
(GLMM) % F \» 7z (Wolfinger and O’Connell
1993). JECAAAE DL O TIE, HI
ZRUT MR OSEC AR E U, JECEREUE R
T YARCHED EARGE LTz, BIHARE LT
&, JKHEDS DR GivEyy) ZEER
L, HFanu——zI A LRE L. an
Z—EREOkRE, HWERIZao=—iE
KL, IEHRSMICHES ER0E LTz, G
&, JKHDS DR GhLmEy) ZEERNR
L, B2 I X LMRE LTETIVIC
HAAATZ, T Z— R ER & BRI Tk
BOBGROMITICE L TIE, HHNAREGOn=
—EREL, ERMICHS E L. @
BHZ RS, SERECHRBZEEIRE L, &
WS v A LR E Uiz, 3 XTOfENTIE
R2.11.1 %2 W\ T 47 > 7z (R Development Core
Team 2010).

AT I E A O /K CHEHEBIZE UTe 71 X LN Bh
FroFEHI%, BHHEELR1DEBD ST,
13 & AL DIKINTEWWIESS T, FAA IR,
KEFEMN 1 FE2mAS N (K2). K
HI»Hia < fiENn 7z 835 Tk, KESEER SN
Molz. B - HX472 0 OFECMEARUE, K
I DG TITEWVES LD EHRICEN ST
(p <0.001, GLMM; [¥ 3). an=—KERICH
LT, /KEDSEWIES T, LWigEEOE
KZ2fEE G o7z (p<0.01, GLMM; X 4).
an——RERITan = —0BEIE A L
HERAOHBEND -7 (p<0.01, GLMM; K
5).

V., E8
FFAZaF /A FREBAIN AT T IY

INFITRIFTHBICONWTIE, ThETHEEL

DWENZRENTE . TORE, HHTIY

193



400 -+

a 1.2
350 - Ll
G 300 - u
H + 0.8
i 250 H
®
%200* 50.6
ﬁ‘lSO* %(0.4
100
B 5 K 0.2
0 T T T 0 T T - - - T
A D A O N X 1O DS RIAQARI[LSa IS
NN W % o N AR D T B B B A I B e
NSO RS SR 22222233225 ¢
\e I I <
200 - -
b 1.4 d
) 1.2
w150 - ui
(%] w 1,
H +H 08
i [ O
ithOf it
£t & 06 -
1 50 - “0.4*
R R 02 -
0 T U T T T T T T O UL L L L L L L e L L e Uil
A A S N X 9 0 A O 2RSS IESRIRA
\ Ny W Vv > & & % = = = = O b 6h bh 6D bbb
R R\ MRNEIRN & 8 N & & & S5 S5 S S S S S S S bbb bh bd bbb bo b
PP YWY W 2333333 $<z2322223223

X2 HPIRTIECAAE CFY +s.e.) ORFRIZSEN S 2 — > abiKHE < OB, ood: IKHA S0 KABE S (1 km BLA)
DG, KD Sy Qkm D) OBEZENEN 2 DT ODOMIGOIE BRI DL S 2 — > Z R LT

NFDRHTBE, fthho2licxt=aF/
A4 FRBEBHNER- L T0BE ehbhoT
(Schmuck et al. 2001, Bernal et al. 2010, Mullin et
al. 2010, Pohorecka et al. 2012). LA L, 44T
AENBZIF T /A FREDAREREZ
RO LN T & (Schmuck et
al. 2001, Bailey et al. 2005, Bernal et al. 2010), 5
K UBHTIE, FAZaF A RRBEEFIE
i IYNFOanZ—KEICHGRNADN
7z > 7z (Schmuck et al. 2003, Cutler and Scot-
Dupree 2007, Chauzat et al. 2009, Nguyen et al.
2009, Pohorecka et al. 2012).
INETHRAZaT /A FREBAINI YN
FIKIFTRIRE LT, BOBRNRICOAERE
NTED, WEBROE N2 T & LTIEEK
FENRMCNETOTHIDE T > L REL,
FAZOF A R IVNFICKIZT B2
5T BT DITIFIFBEEAIR L EEIC VNS

WEND D T L h o T &7z (Desneux et al.
2007, Cresswell 2011).  SZEIC EFHL SRl M
DAK R %2 FE5E U 7 W22 & T T & 7z (Henry et
al. 2012, Matsumoto 2012). X 5, A =dF
JA ROPIEX KL LT, xA=ZaF /AR
RBEEORHF VWS T T, xAZaF/
A FIVERE UTCE, 1Emz2EEd 2080 FIC
NS NTEID, ERERBEDOZENMRLICK
TV i o TE (Marzaro et al. 2011,
Girolami et al. 2012, Krupke et al. 2012).
AWFEAERIE, HERTOIYNFDORKEIED
HEBIDER L T 5 ItigEH RERIC BN T,
SYNFORKEIED FRDKHTD A X LB
RThzaT L, BRUNALUBREKEEZ
FIFEITRITIRARL, au—REICEE
BB W TIGEL Tz, SETAERDIZ &
AERIKRTH S T &, BROKEIEIIWHIH
IR 2T EeNE, RBFIDEERENKRIE
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Effects of insecticides applied in rice fields on neighbor pollinators,
especially honeybee colonies

MATSUMOTO Takashi

We examined the effects of insecticides on pollinators especially honeybee, Apis mellifera.
According to a report by Japan Beekeeping Association, honeybees most frequently suffer from
applications to control stink bug in rice field. Therefore, our aim is to reveal possible side effects
of control of stink bug in rice field on honeybee. Mean dead bees per a hive day at bee fields with
adjacent to rice field is significantly more than that at bee field with far from rice field. Colony
growth rate with far from rice filed is about twice than that with adjacent to rice field. Growth rate
of colony negatively related with the number in accumulated dead bee of the hive. These results
show that thr control of stink bug is responsible for the observed greater mortality in honeybee,

and application of insecticide effects on colony growth rate of honeybee.

Wet-grassland Birds Researching Group
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