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1. AEHE
1.1 FAEREOEX

JICA X, 20134F 11 HIC a2 Z U HBUMEB L WVICE & O CHER 12777 F 0 A7 1
BBy 4 —a— ] 1Th0% W)t E E(Cooperation  Agreement :C/A)IZFHEN L |
20144 8 HICIEM 7 2 —m— 2 RAID T A+ 3 T 2T HBABAFE S 21277 2 k2
#J(Loan Agreement :L/A)IZFHFI L 7=,

— 5T, EMEHEOR Y hARy hELTHMLRD 2 AZ Y BT, HET 3 LX
—ORF L, ENARZEOREXICHE LTIk Th b Z LnE <, HBEGIR A
HEHED T DT ERER DL F/NRICHED L Z ENEETH Y . EIA FIEORER
kRN TN,

RS RIS D D ER 7R EIA FREXIEE T LTV DA, EIADKEM 2 & L
T, BFMSHEFAESAPY) 2LV, BUTRAEOH TRAEFIEDOK R DT O EFERA,
FHIARGESF I DWW TR TR Z 1T o T2,

1.2 AEOHB

AFEIZ, 22 Z U OB IZEBIT 5 EIA & FOFEBEFIEICHOWT, EiFfd %
U CTHERRR~OMEIMOREE R LI X A2HEFEOKBAEEM 2T 22 %A
& L7z,

BB, £, KHEONERLTIEICOWTOY—V v a vy T2 FERMTHIET, aX
21 71 DGR E BRI O B sk O A &2 X - 7,

2. AEDOERKGIE
APETIE, AR 265 L L7 DNA N—a—F ¢ 7 FiEZRBRAICEA L
TG R A PERBIOFRA 715 & e U, A G IEOZ 4P T RENEIC D & HAf i M OV
B2 L W RRGE L. EIA FEOSEE R LT,
F72. BEIA FEOUEOKRFHICEAT o WiEa2 T 2% & LT, B & — 3 — MER
(ICE. ACG) ICk2Wi#EDY: (a3 v a v I—T47) ORLEZTEL, Afih
OFEFFELCER . FEFBRICOVWTIE, Al vy a I —T o 7 THREL,
A Z2H Y BTEBIT D EIA FIEOLRIZOWT Ogm & Rt L7z,

ARFAIE, 2015412 A ~2017 5 AOHIMICEm L., =2 I vy arI—7 4 /&
S5, U—2r gy Fet 2 A2 St TRIOBMIEEEZITo7-, EEMEIITLOLE
D Thd,



aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

1 EBHHME

. A NEY -V

aAREZ YL, FOMBEDOBHRRENOGHRO THEMZERMERY NARy b LT
HEREE L TULEST SN TN D,

KA Y 7 (PL12) 1%, BH Y - At SALEICH 240km OALED 7T F T A
7 (Guanacaste) N U XU 7 (Liberia) D7 1 35 ¢ (Curubandé) HiXDILH
WAE L, 22X U BEN 1L »FToREfIX o 9 6 77 27 Rtk (ACG)
WICIFAET B, F£7o, HFEE & LT 1999 45 UNESCO IZ 845k X 417z ACG it X ik (=
A 3 H RG> B K 50m OGFTIINALE T D, ACG R X T LAY X N 12
BWTEERREE EARRR, AR R, WA AR, EFHREAERER) BF
fEL, BNRAEMSHENELZE LI TH D,




aARZUN TT7FTHRATHERERRELI 2 —O0—VIZhh b EHEREXIERAE
Th =

(EEBRNDZEZHLELEBREE-2) V%) (SAP1) ZEBRTHRES

Hi#lt . JICA Preparatory Survey for Guanacaste Geothermal Project, Costa Rica

2 Las Pailas HIZVHUROAIE GRBREKIR : 77 bR Y T)

4. ey b Fav=7 PIBITHAEREE (DNA ST R OO EE)

R E AW DNARN—a—F ¢ 7 OREFIEDONRERFT 2720, PLI2 BAFT
U7 ERDICRE L~ L—X N7 v S TCRESNTZRREZY 7L E LT, DNAGHT 2%
Jitg U7z,

DNA T DO*RG & L% o 7 uid, PLIR2JEDD 75 7 v 728\, | PLI2 IZET
% THEBAMRER O 20134 11 A TA) (RE &) 20 THEMIFK T LZ 2014 11 A F
BAETOR LEMCERESN-EREEZY TV E L, TO0 T v 7 TRMEIZEIR S U
72 525y DY T v E DNAGHT LTz, S CTRE Sz 7V OfEIRE L, 144,994
EETHY, 2D HH DNADY—7 = AHIEES &5t & ENTEE LizY > 7Lt
134,828 AT - 7=, 134,828 KD 5 5 BIN 23T 5 S 7= Dl 131,184 HIATH - 7=,

M ) T OFMEOER BFEOAREICHK B L TV 5 EHZIC L 5 DNA SHTHE R o # 22
IZ& D e, RRIC KL 2 EERNREELRE, BFHIX LV 150m RARNEIZAIE LT D
) 7 CRAEMMEENEBIORBEEZ -2 L ARt X ) REIMTIA LN R o1,

72720, BHRIEIIFHEZEN 1F2B L TRENVI LD, FEHMNEEHZ2EHTI—2R
TA L EHERTDHEDICTD R EBLBMT2ESDT —X 200125 Z LR HERRES T,
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(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

5. XMuy bFudey MZBIT 58 EIA FHEFIERTHE R

EIAIZB T 5 AR M FEEE DM LIV T, DNANR—a—F ¢ V7 FEOH
IEERETTD70, Moy hTaY= FCTHONLEZREREDNAR—a—F ¢ 7
fE A U, PL12 O MIEABRFE Tt~ D FLHIA 70 SE 28 0 i & S L 7=,
BEHRFEDNAN—a—F ¢ VT OREREZTEH LT RBIIReHI e 25 L9, HL~Ld
IINTINDARS . 1R ORI 7o B ABCOREEL, AR O L b, RO AR
Hodbsra, B (<) ZHH L BT, itz B o CREA AIREREHZ DWW T,
S HIZFENZ B O ST 21T > T2,

SHTORER., M C A, BEESEOHEOEITIC O EELZ T WT 7 & R E O
No.7 IZHB W\ T, HMKFIENFm WA= B ¥~ N fl (Cecidomyiidae) (2, > b T v 7%
18 8 AT C I RERE C & 72 IR - OIS OB 72 B MR A S 720 2 & SRR S Tz,

6. HEEIATEICB I 2UERRIER

6.1 FER

AREOFER, DNAN—a—F ¢ 7 FiRICE 0, RBREORERMER (K OME )
DHBIZHOWTERT —Z NS, PLI2IZ & 2983 ACG X ITRIE L TV 7
WATREVENRIB Sutz, 7272 L, B O R L OREBEREZRGTT 21X, Z=ELH) &
OXBINMETH Y, BBEOFE, MAEEOZEMIZHOWTAEE LR T HIMNERDH S
LEZ LN,

6.2 4% D EHAH]

NA vy NRED G - FER OO ORI, HEBEREEE (CE) . /7
T AT ARAEHIR D (ACG) K NS 3% = U 7 OARERICKHEE L TV D BMAF SO I AT —
7 VA — B U CRE RS BERR I e S T O TR 0 . HIEABEJE O Rt nlRE 72 BH 3
EVOBIED DL, BIEEFRROERHIZHEEL TS ZENREE LN EB LD, —
J. ZIVETIL GDFCF 2 H EMIC R REE L L CE 720, BB EEETHD
ICE N EEP 2 CRBMEZ EM L. ACG KUNHMFE DY R— F 2GRN DD 2
ERLE LV, DNAN—a—F 4 7 FEEZHWZRBREZ kT 2580 EE Bb
DR & LL IR,

ICE

DNA
W i

ACG HFYZ

B3 ARRE & B E
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6.3 R

O 24 F TITHEBARE IR L T EIA O FEANES TERE ST N TV DN, HiZ
BRI FE Ml 2 42 0 IA T2 723D O AL FHE O BE S U THRISAVEREE 7 & A A > | (SEA) DIl
FALTELT, BRARNOHEBIRDOHED FIZOWTEILI TR,

Flo. 2 AZ VAL, EIAOPFEHFASCHIEZ RO HAa— 0 TEFEIZBWT, &
T RNE—DEREZRDDHHIES 2 <, BB AIIIERE 235 1) D BREAUE OED )7
NAEE 7> TN D,

HEBHRIZ T T v b7 4 — L0, T T4 U EEEEFTCTHEE L T LERHY | F
72, ACG PRFEXIREN TIL, AU i 7e &, BRI S DICHIBERAY 1 R 23EE 2 %
AIREMERN DV . BREEREE L W O BLED DITEBLOBLE O AILOD . AR JE O HIEER R
AR, BHIHEANORETL TV Z &k bins,

AEl A 1y A TTHEM L2 FiEE O CTHERAC B R O EZ 0L & 5T
52 LT, ACGIRERZEDE L T 4 7 ) TITH I 2 HIZABI R 2RI X 52 IZ >\
TRHETX 2 AREMER H 0 | FERMICITFFR SN 2 HIZBTE ) 1 b ORI OIS Z & Te
A RTA L OERIZ BRSO REMER B D, SHICATIETaAZ YV IORR LT, 2D
DO ECHIK T HEH T 5 Z E M ATREZRLAN A TH Y | EEMIZIAIEH SN S
AREEE A LTV D,

6.4 ‘S

AEIOFHAETIL DNA N—a—F ¢ 7 FIEOTEHAREMED /R S =2, K0 EED
BUWERZS L 7-0121%, A%, ICE. ACG 72 & ORISR S ) L CIRE 2 kw45 =
ENREFE LV,

DX ) IRHE DG S A, THEIROSERE ST, HEABE I 0 BRSBTS R RE
720 EACEEBERSIC 3T D HARBREE L RN U/ BB R & FEME T D 72 0 D BRES G FIE
DRI EATH T LWL 725,

BHANEEDOHZARFEDIRIE HAERRE IS SRS Dk &
S S (R I— RHAEPEDIRIR AL B D E
hEABAFE N1 RS540

. RIE
L N

-DNAN-O-F1 > FE=zRVBRRETHEF
EORR (BREVEZEFIR)

R BRANEORGROREIE (RIENFE
ST IS HEIERFE DIRIBACE DB ARET)
O AT IR =T 25 -2 A NOBD T DFRET

DNAN—-O—F 1) FF=RVEHEIF

SEOSER e DM (FREFR)

@

X4 SHBREBINDIERNREZ
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1.2
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1.5
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Rl
\V)
i

2.1
(1)
()
(3)
(4)

2.2
(1)
(@)
(3)
(4)

i
w
it

3.1
(1)

H &
T D . 1
T DI B L O A 1
i = A 1
T2 MO BB 1
Ia vy NEME, BREEES. 2
TuYe NERHIEL. 2
e = S 1 3
TRVl NOERTEE. 3
DNA N—2—F ¢ 7 FEIZ L% EIA FIEOWEORGT oo 3
BfiaI yar AUN—z2@ UBRE L OFWRILA. ... 4
S D B 4
B D A . e 6
Ay VI rYORERBIRNII v a VAV R—DEE. 6
TR A R T A U 7
o T T 14
TV RN 15
ALY D EIREREE R — AT A 16
TRZ Y T D AR . o o 16
B B 16
Z S 17
R R 19
B « R, o 20
TRV R U T ORI 20
Y T N T 20
R B 21
TaVey b TR OFRERIE. ..o 22
TaYxl N UTREOOEREY. ..o 24
aRZY A ROGEE D ETIARIE . oo 27
TAF U TDEIARI . 27
TRAZY I OBREIERIEEITEL .o 27
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(1) BT L e 31
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(1) B FHDNew Gold FLILPAILIT v 7T MZEIT HAEREREEITM O A 7 v b
A 42
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4.3 L R N T T 43
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RATE R
WARER L a3 vy arI—T 4 v 7ER
WAGE 2 a3 v a VT AABEXE
AR 3 FE2mas vy aryI—7 4070 MOU
IRATERE 4 - B RFF R OB RHEIC BT 2 BB CGE
WATER S U—2 va » T
WAEE6: UV—2r v a v 7EE
WATERET « 7V 7 REEFARIOBR D 2 &
WHRERS : a2 &2 U iz 5 EEMY A b
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(EBER~NDEEZHTILDE LEREE=-2)JXE) (SAPI1) XBETHREE
WK FEZR
Tuavxr BRI - FEES
TT T AT AR F
ACG Area de Conservation Guanacaste 721X 770 AT R
85
. —a—U—J RIS
AEE Assessment of Environmental Effect 7 BB BT
BIN Barcode Index Number -
BIO Biodiversity Institute of Ontario -
C/A Cooperation Agreement W EE
CDEW California Department of Fish & | BV 74 /L=T N DKEE
Wildlife A #) Jm)
CNDDB The California Natural Diversity | BV 7 /L =TNEMW%
Database BT — 2 _— 2
DNA Deoxyribonucleic Acid T A% ) AL
EIA Environmental Impact Assessment PREE AT
EIS Environmental Impact Statement K E O B i B BT
ICE Instituto Costarricense deElectricidad | =@ A% U &SN
JICA Japanese International Cooperation I ) e
Agency
JPY Japanese Yen H A
L/A Loan Agreement R
MINAE Ministry of Environmental and Energy BET X4
WS Work Shop U—rawr
SEA Strategic Environmental Assessment HEIS BRI 72 A X > b
- . . Py 5)‘27 N \/ ~
SEMARNAT Secretaria del Medio Ambiente v )ﬂﬂlf,\.\ BEIRG
Recursos Naturales (Axo)
SETENA Secretaria Técnica Nacional Ambiental EF B HITE
SINAC Sistema . Nacional de Areas de S 54 i P
Conservacion
USFWS U.S. Fish & Wildlife Service [EZ K PE B A B W) &)
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

1E REOHE
1.1 FAEDOERBIUVEH

(1) FAEOER

azz Y pdefnE (LLF, 222U %) i TEZEFFEEHE (2015-2018) ] (230 T 2021
FECIC B LRFEM R EWINEEZ T D (h—R » =a— IV ZERTDHZ
LEBITTVWD, ZThaZil Caxg ) IBICE D TEZE= R F—BUR (2012-2030)
BIOazxz pEHNA (Instituto Costarricense deElectricidad: ICE) (Z2Xk % T%E
FIHEAE ] (2014-2035) | TIL A ATRET /L F— DRI (Frl2Kk /136 L OB 2855
HEINTWVWD,

201072015 DA RZ U B DWEJGDP REFRIT 4.2% 725 Z R THRHISNTEY, Z
NEZT CENREEREIT STA% OB AT TN D, BREMPOLEN T, IREDE
7 A Y EI A~ O Bk S WFE S 2 IBVEIR OB L. RIEICE T 2 [EE R & Rt
AJRER =R NN X —Z R T AT DR O EERPFEDO—D L 72> TN D,

ZOXIREDOE & JICA X, FIEOHET 2L X —(Z K 58 ke & DR 2 38
TR, 2013411 AlZa A X U BBUFRS IOV ICE & oI el [ 77 1 27 HiEBE
gy Z—ua—2 | 1AW EZE (Cooperation Agreement :C/A)IZFHEIL . 2014
8 HICIEFE 7 Z#—a— WD T A« 254 T A N HEBAFE S 312 737 D fE k3K
(Loan Agreement :L/A)IZFRAFNIL 7=,

— 5T, EMEEEDR Yy ARy hELTHBND 3 AZ U HE, 51, 100km? FED[E +
HREIZ, HUER EOEMTEOK) AR ERT D & S, BNLHFEY 72 0 OEWZERED gk
THRLEWED 12 &N TW5S, I AZ Y DI3EMSEMREE EOE S L ALEST,
FEMRI 7B ) filA % FEfE L TS & ZATH DD, MRV X~ ZHET 2I12H
720 FRSAT-HEABR R (AR X ENTARS ORI Lok Th b 2 &
NN, Atk [RIEDS BB 2 HidE L O < F2dIaid, ERRICHT T 5B A% i/ R
IZEEHDHTENEETHY , BUTEREREME (EIA) FEOREM E2RD 5T
Zals

RIS 3 D ER 7R BIA B S IFEEICSE T LTV DA, FES OMIEBERIZ) D
BRIFERA~OEBR R IEGRO R E Y 25217 T, EIA OKEM L2 B E LT, RFEE
PR (SAPT) Ik, BUTEHFOF THETFIEOR RO DO, FHIREEIC
OWTHEEITH>LOTHD (KFLE) |

©)) ZuyxzZ FOBK

AEHIT, aAX ) HOHMBBIRICEIT S EIA & ZORETIEICOWT, EiFRA L@
U CTHARER DA ORE L EIZ X 2EFIEOWR ATREEZRFT 5 2 L 2 L
T2, 2B, WERETESREICHER EE 23 ATRE M DD T H I TRFEL 72,

EFo, KMHEDOANBERLFELCONWTOEI T =RV =7 v a vy 7FE2FEMT 52 LT,
a2 &Y 7 O BRI BRI R o0 BRARCHE D ik & X o 72



AREYAE TT7FTHATHERAEELI 4 —O—VIThIDERRREXIERAE
0 g

(EEBRNDZEZHLELEBREE-2) V%) (SAP1) ZEBRTHRES

1.2 Fuav=zs MEREMUE, RS

(1) Zuvx s bEMHK

ARAET Y 71X, mEY s - AN SAEEICK 240k OLED 7T F T AT
(Guanacaste) MMV ~XU 7 (Liberia) Efd 7 /L3> F ¢ (Curubandée) HiX OAbFE AL L.
ALY HENO 11 7 FFORERIXO 55, 77 F 0 AT Rtk (Area de
Conservacion Guanacaste @ ACG) PIZ&H B HIR{E#EIX (Area Silvestre Protegido: ASP)
KV 50m DIFFINLET 5T R« 4 T2 HBHIE TH D, 7235, ACC X, EHESESGHSE
Bl b8 (United Nations Educational, Scientific and Cultural Organization :
UNESCO) DR EARBEEICHERSNTND, (KT uV=7 b YA FEEFTR AT
ZIMHA R

B 1.1 AFAEFERHIR (L)



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

(2)  BIHBHRET - HEE
REGON T o Z == MEBITTRO LB TH D,

#F1.1 oo x—_— g

No. T J1H% B84 79757 £ FR
1 a A& U BN ICE Instituto Costarricense deElectricidad
2 TT I h AT R | ACG Area de Conservation Guanacaste

1.3 FuPxr boEKHE

(1)  DNAN—z—F ¢ V7 FIEIT X B EIA FEOHEORKE

BAEa A X U B OHBBIR OB I SN TWD EIA DS B, ARRR~DOREIZET 5
AL, EHEOREZ BN E LT, M, A (W, S, TCRE, mAE) |
KAEBY (FB¥E. FRE) ICRESNTWDHENRE N, 2k ik, RBEIIEENS
<. IEWMEZRYENREECRBIA DD 720, AR ~OREFEONRE LTHNWDL Z &
X TIE R o Te S, 7T H AT REMIBEO—ETDINA N—a—F ¢ > 7 FikEEH
WZRBHRORIERSY LV —A N7 v K DERERE=4 Y » ZFEDN NGO R° ACG |2 LV i
HDHNTND, 2 A% U AOERKR (ICE) X, BREZHWZDNANN—a—F 1 > 7D
TEFIEEZMNLT HZ ENTEIE, K0S RITEE L TIEROFEEZNRELREZD, 1
KOFEIEIM L CTEMLIZY §25Z & CHMMOBELM ETE D EERHDL & LT,
<~ L =R+ v T ORERSHICET D DNA N—a—F ¢ o T FEOFIMEOMRZITV -
WeLTWwa,

ETA (2351 2 dR g 7e e BARRER OFFMIL, MFLIAC S, B E DA RER O BT
REBEALFEAFMET S 2 & THBMICIER SN TV, BRI 2 2
EEFIA L CRBEOSENEZNT 2 TiEE W CTAERER~OPEL EEMIT 5 2 &
HEEE SN TWD, BEEITEMOF CTHEZEREDNIEF ICEmWVEME LTHLNTE
0. ZTOKEIL2,000 HFEAZB L., BERMOSEMEED 90%LL L& 5 b ESbhTnd,
RBEOFTEH, 2007 &b 0% ENRFAETH D Z LD, MRAMER R ZHa x5
OFE L UHE T L — DRI O £V ~DEL % EENNCIHET 25 2 L A% &5
Z. RBEFEE L TKRYIAALTR,

— iz, RBEEOREICBW L, Bt RRE2FRE TE 2 HMAFOEICIEFIZIRY
NV, Fio, EFWICHHONNDIEETHD Z b, BN KITTREZERED—
e LT, BRAOAMMHOZLZ ERIICHND Z L ITGmERTIIH 2 b DD, 2003 4F(C
DNA N——F ¢ 7 PIENATREIZ 72 5 & CHIRMICITBIEORWREZ E B 2 5T
W, RPFETIE, &HODNAAN—a—F ¢ 7EZEHT 5 2 & T, DNAfEHTIC K 0
HMCRKEORBRZML )V THET DI ENAHEL R, 2 TOMEICKHEL, B
B (AL I TED L D IR B ORER NI T 20 F EEICFED Z LN ATRE & 7
bo TD=, FAERO/NEBEE (B 212 ha) DX 5 AREENG & 2T EEO R



aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

FERMICTHET 2 Z &%, ZNETIERETH 5723, DNAN—a—F ¢ > 7 FiLa il
ML, 2O ELZEDEOLEE L L ICIEMICTHMT 2 2 &3, 5% OHEBIRT 1
DBE LY | GHEIZ L o TUIHRMEERITS T 2 /EORILE & 702 Z LIRS T,
AFHETIEZ, RAMER R 265G L L2 DNA N—a—F ¢ o 7 FiEAHRBRIIE A L 72k
B2 PERAI O S5 & e U, FE G5O 2 S PO FTBEME IS & HA RO K O RO 22 i
K ORGEEL, EIA FEOUGEL MG LT,

2 BHaI vy g AUA_A—2@EULERE L OBHRILEE

ETA FEOBEORFHIET oM a 1T 2% E LT, v ¥ — 38— MRS (ICE, ACG)
WX DWEDS (alyva v I—T 42 7) OFNEIE L, RESOREFECE
B, HERREICOWTIE, A v a I =T 4 U/ THRE L, I AZ Y BITBT
% EIA FIEOHRBIZHOWTOEREIRE LT,

1.4 FEBOBE

AREHIT, 2 AZ ) DB H2HEEIA FETFEOKELHNE LTEBTLH2HDOTH
D, UUTIORLENAECTEG L=,

ARXRR)AITETHME EIASREFEZOREEREERTE

Hhzh E1A 1548 4By bERE t
sk i a3y ay
R “DNAN—a—F s> == -~
i JEIZ & HERE E=F427 b
trpar || % s O mrzmcomn @ o=,
sommnEg | - O -asinmame MFREMCOLIA ZZ,
%) B RN RO L i
1 - ABS # A T O R = g
DNA N -3-F 4V y HOHER
b FEDER i - EINAEERAA~ D t
ES E ENET NS 1 -
i Ay aAVDRE
B1.2 ZEBHE



aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

D AREBEOHD U —— B (ICE RO ACG) & HUMJRE M P O¥B TR, ¥
Bt OBEIZOWTHERZHS T, EIA A FEOURICOWTH#EEITI % E L
T, Iy va OREEXETDH, AIvralr A=t rb, 250D,
HRONE, ATV a—VEERE LT,

2) T REZ Y HIZEBITHHEFIFICET S EIA OEORFIIX LT, UL TFOFEREZIL
EL, b - B L=,

> A RZ YN ROFEMEIC R T 2 MBUIBIT 5 EIA (JEf - JEUE, SEHiIRH,
AT 1ES)

> vy hx )T EIDICET D ARRICET D HROIE - B

> DNAN—a—F ¢ 7 FEE AT RANE R BHORAIZ BT 2 1F o
AR - B

3) EIA 2B DERER~DOZEFMORE DM L2V T, DNA N—a—F V7 F
EOFIMZFMT D2, TR« X4 TRANYA FlBW TSy NEE3HE
L7z, Aoy NHENBEITFRROEED,

> BHROMEIZONT, BRERFHLSEZITY L& blZ, RBEFED L SO
e U OMAMER R Z W DNA N—a—F ¢ 7 FiES T %, DNA A
—a—7 4 7 FEIC L OMEEFMT AR, BRERE AR L -
B OO O, W72 b7 » TEOBRESEIZ OW T O R 2T

7o
> JEREFRSHRIE L DNA N—a—F ¢ VT FRIC L DA T X RO
BRFT 21T 96

> ABS'OBLD B AT B O ESME B L & 7 — 2 BRI DNA S—a—
F AT REEOBOE E SIZOWTHERT 5,

> BRI 2 Ak N B 5 O EHE R ORER EAT

> BRFE LR O YRR L OB LT (KR, KE, HHE)
EDWBRREERAT O, (RBAHEIMZ 720 52 R 2 et & et
T 5.,

> Aoy FRERERAEIC, BEREABNERT S 2 L OXEER IO
WS N D PR, LERE ORILETT ).,

¥DNA NXN—a—F ¢ VT FIEORIR N 7L
DNA N—a—F ¢ U PS5 Oxt4i3 7 ey = 7 S LIETO 1 4E[ (2013, 10

!'Access and Benefit-Sharing :

BARTFEIRA~DT 72 2 &2 DRI G4 L DFREDARIE - BBl 5y,



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

~2014.10) (Z8E - RESHT-RBE, BEHSIET X - XA T AN YA b
DOHETZ »~ b7 4 —2A5 (L&, PL12) LD 6 »ff, ~V—AX KT v T H
B L 1B 1 [EoMEE CRIN S D,

5) LEEEhZEENE X, 2 AX VIO EIA FEOKBICHTREEZ LD E LD, a3
ya A UNRN—ITRE L, WhiET D,

6) BUTO EIA FIEOLRIZOMRMN B 7= 70 Tk, AR TH L - iR ORI
LT, 22% ) HAIBREE OB A2 ED 72D IF—, U—r v a v 7%
7T v N7 4 — LRERFEBEILIZN O BIA (CBIE DB 2 xS FE IS5 (20730
NFRFE A R 2 [FIFR D)

7)) HEBRFEIZARD BIA AT DA M & 7 5 BETAIER S E o LB & FIE,
il B8 S E 1 D FEREARS], OSERITRE T 5 BIRHERI O AR IC B 2 A 21TV, il
FEUGEIZIA T T2 AR ORIERICOVTHREI L, 2 v g v AU A—IT LTRE
2179,

8) LRLOBAPFEMBEZIMY £ LOLPFEREERELIMFERLL, 2Ivira A R—|T
FEHLTa A bERD D,

1.5 ¥EBOEBNE
(1) alIyvaryOREBLITZIva A URR—DEE
AREBEZEDDIZHTZD, Wy H—s3—ThD ICE LTACG & 201641 H 18 H
W2 a Y ENARNOFEHEICB WO T aTo72, 22 Tlid, AEBOBME LR
L7 —=20 7O - MERZITV., REBOHTH 2 EIN FEOUWELRFTT D
WEBEOLEORBIZOWTHERL, UToaIvia r 2ERTHZLITEE LS,

£1.2 oo x—— NEE

HH BEANR

Wk D% D4 FR 23 w3 g (Commission)
ICE
ACG
JICA F#&EF—2 (ERM HA)

BINA 78—
(23 vvg A=)




AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

N N T e

AEHEZBL T, LTOWYaIvyvarArA"—iibalivvaryi—T47
BIEMI LT, 23 vyar =T 4 U P BERITIMTE RN, RAER L 33
EEER e i

#F1.3 aIzyvarI—T4 7 OERBR

No. BAfE A il

%1 (| 2016 4£ 1 A 18 H & o Y ENLA RN T
0 A 2016 423 H 4 H A« %A F A1 ICE HEFT
% 3 [ 2016 4= 8 H 29 H F A« XA F A ICE FHHAT
W5 4 [\ 2016 4F 10 H 27 H B K v Y ENL AR N ST
%5 [a] 201742 H 22 H URY T ACG BT

BiE=aIvyyarI—F 127
FlE=aIyvaryI—=7 4722016417 18H (£) iaiyvarAr -
THEM L. AR - R - BRY. ARAOEMFHE « 27 Y 2 — /IO W TH A
L7,
Flo, a3y v arI=T 4 Y TIBVTRETONAEROA T Y a— 12U T LB
DAE L, AECEIIIRERHORT, (RER 2 a3 vy a VICHET 2 A ECE

(ZIvvarI—TFg4 7 THRIATINE]

> AFEOHT TEMEHNERHG O 72 D O HEER O & Ehi T 5
HIEAEIA IZDWT, AR, TAV A, =a—Y—F RELaxZ ) 0Lk
L, 7 A 8, T AT KROEBIZET D EMSEEEICOW T, REERED HikE
GO THRFT 5,

> AREOF T Moy MREEZERT S
WHE O EIA TiX, FEOFETMO - OIIHILESCRESOT 7 LI, AN
RGLINDZN, KFav=z7 hofay VETIE, X - XA ZAMDTZ
v MR—LEL OB B ARG LT 5, FHlixtg & 72 bR BEIE, 2015 45 A
18 H® ICE, ACG, JICAMITHRVW D HNI-H T ed 5,

(A7 =2—v])
> a3y alrI—T 4V I DAY a— VI TRHOEBY E LIz, ZOARFY
2—/VTEEL LT, #EFOEBICIVEERET LI L TERE LT,



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

£1.4 aIvvalI—TH4VTDRFVa—)b
No PRfE T EA H H &
1= 2016 - 1 /1 ARREIZOWTOEBRO A 17y FREIZ OV TORE
2nd 2016 4£ 3 H NRA vy NREORER., BEt

3 201647 |H1ET 0/ LALFE— FORR, Hat

4 20164 11 1 [fom~7 o/ LALAE— FORER, Mt

5" 201743 4 |37 n s LA LR~ FOMR, B
[Z o]

> U—2ria vy TORME

aAI g rI—T 4 TDIEN, ATl METETIZ2BOU—T 2 gy
TR L. MOBIfRFE (SETENA, SINAC, BHHINGO 72 &) & ORT, #Hi/-72 EIA G
BEIECOWTERZWAEITH 2 L 2R LT,

T B UHIRIC L AR BT T ITON

Eo| aIvarI—T 47Dk S
%1 A >3 T4 T DR OB

BomalviarIi—7 47

Homla vy aryI—FT 47201643 H4H (&) 12T 545 AT D ICE
HEFTIC CHEME L7z,
FolalviaryI—T 47T, BIMEZRERNTCE_RT S5/ 2y MHED
TEERF I, AER TR H S FROMBRE R OFEFEESEICOOTH@®EL, S1 a2y k
FEHEONE., RECREZO/BROAR T n A, H3EaIvraryI—T 407
DB OWT, 0 (OU : JRAEEE3 . 2=y g I—F 4 7O NoU)
\ZC, ICE, ACG, JICAFAETFT — LD 3IFEAREEHT,




AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
ARRANQEEZRLELEREE=-2Y 2V JXE) (SAP1) EBTTHRES

[~A 7> ME]
> My FNIREOEBNE
cBEBAHORBY TV 9 O~ L —X N7y 70D LB EICREL, T
TR AL, DNAN—a—F ¢ U 7 RFECIVEE LSRR BY T
|2 Barcode Index Number (BIN)2Z %[V 4T 5,
< MRS BRI, GDFCF 28 P12 [0 L ONPLI2 ~D T 7 & AJERKEL (3 7 A
VA3 D IZBWT, 201349 ADD 1 ERFE L~ —X 7 v 7 THT
\CERAE Lf:*f‘/7°/1/kfa“é
FRORER D PLI2 IZHU 2 FENFMERRRICG X B2 0T 5
FRUAERN S, EIAY kiéé Rl O ERICHOWTELRT S
« EIA FEOSGEDIRE
caAI v arI—T ARV v ayICBIFL LB TV a

> ABS fifiR

YU TMTY ¥ B o EER IS KONV GDFCE IZ AT S L Tcid /e =2 2 2 ) 7 [ERNOWFE
FRRIRE, A X U BN (ACG) 23%84T L7-#MHFF rRE, BREE4 (CONAGEBIO ;
Comision Nacional para la Gestion de la Biodiversidad, MINAE.) OFHAFFAIFE
ERALHmSNAS b0 L L, ERUIZZASFFAGEDE LT ABS O A2 iRl 9%,

> OTERBE~ D AT

6 7y IOV L—AFT v FIZBWTERE L2 7R, 2016 423 AR -4
@ Guelph K BIO (Biodiversity Institute of Ontario) @ 47/ I 7 ALk
v % — (Centre for Biodiversity Genomics) IZiEff L. DNASHr 2D 5,

>  DNA 5#r
BIO T® DNA H5#ri%, FRICTRENT-7Tav 2 TCEET 5, 552D 6 » D+
VD DNA ATIZ 6 7+ HZ B4,

2 BIN DY A7 A2 DWW T A DNA-Based Registry for All Animal Species: The Barcode Index
Number (BIN) System Sujeevan Ratnasingham ,Paul D. N. Hebert] &M,



aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

DNA N—a—F ¢ U i et A

[ IR R L OV 1ERE]
K7V =7 FORRFICHE S D MERFFE L OFEEHEIC OV TIL, Confidentiality
and copy right agreement |ZC ICE. ACG, GDFCF, JICA, ERM @ 5 EZH R TEE L7, |
R O EMEIC BT 2 AT SCE IR R 4
> DNA N— o — ROEEHE
ARFAE T O DNA N—a— ROIFERIZ, B4ER. BESTT. BREH, 7. &
HEr b, BIODH ) I 7 ALkEM R #Z —12381F % BOLD ¥ 27 A FCAHDF]
Azt sb0 L35,
>  LR— b OEIEHE
AFHEICB T HETOLR— FOFEEMHEIT BRI ST 5, 72720, NRIZOWT
IEREIREANC a2 v v a VICTARBEBILNERD 5,
¥, ZOFEFHEZ, GDFCF OBV FFSGE~DFREZY T 2 b D Tidlewn, 7272 L,
GDFCF (X T A + A Z AN T m Y =7 MIBET IR M2 AR T D855, ICE
MHOEMIZL AR EGELZTNIE RGN ED LT 5,
F7o. ERUND JICA ~EHENTZ 7 7 A4 F /L LA — N OFEEHE JICA AT 5,
> DNA N—a— N5 J O BHEEHR O TR HS

10



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

A7ayxr MDD DNA N—a— KB X OBIEER (BER. RESIT. B
H£H, D, BE) ~ORAKT 7 vRE, T2 ATIR SN DIRK LAFERO
/AT — RTHIREN DD LT 5,

> LR — hOSFFEDS
GDFCF 7% ERM (Z#H9 2 LR — Mi&, ICE ANEE AR T 5 £ THEMENMEZN D
bOLTD, £, JICAIZRHEND 7 7 A T IVT 7 =J )L LAR— MZOWTIEL,
ICE B LTACC DRIEZ G- BRIC—RA SN Db D ET 5,

EoRaIyviaryI—T 40 DOT BHRIEELH~DEL ORET

B3sEaIvvarvI—T 47
Wi3maIyyaryI—T 4 70F, 201648 A29H (H) 127 A« "4 F 21D
ICE FEATIC T HHME LT,
B3MaIvaryI—T407TlE, LTFORNFICOWTHELZIT- =,
> A uy NEEOHER
>  EIA FEOUCEICRT =T Ve —F
v AENCI T 2 HIZEBRFIZBI T 5 ETA il B o L oAt
v EBERIICEHBENTVWERA N T T I T 4 A
v OBRSH, DNA R—a— ROF — & _X—Z FHli Tk
> FARaIvvarI—T 4 ITBLONY—7 Vg v 7O

[~A vy FNEEOER]

» GDFCFIZL W Ay NAEDOHEMICE L TN H D . DNA o AMEIE5E T L7z
ZENHEESNZ, 9 AR ETITIE, BINa— FOE Y B CTEENRET L, D
B AT A D D 2 LI ST,

> TI9RNT7A—LIHELLE N v 3BV THREINTRBROEN, s L
RESERoTW, ZHuk, BBOREICNA, vV —X 87 v 7ORET LW
X TCHROFEBOZ T HNEL D ENBEBETHS EHESNT, ZHIFEESNORE
RTHoTTD, OWTOREEZ EIFBRBIC X 2B E W 572012, JUNIoHT
ZIHE LW W LRSS O N T T D 9B R T v No. 2 TERE I 1

11



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

FRDORBRY TV EBINTON Tl tE2aivia  AUN—DEEDL &
PE LTz,

> YU TEIE, WEKOEORELZITTVDEEZ LI, WENHBT 55 A
BT SN DFEOED NI T DA RTD N T v I THhLNT,

[EIA FikodE i 27 7 r—F]

WSO BIA HIEE O FF], FEEEMICEER SN WD 7T 7T 4 A (IFC /X7 —~< U AR
B — R DNAN—a—F ¢ 7 FiEA BIAHERAT DBE0OME (FHAONT. FEfb
FIES) 1ZOWT JICA FAAR L VAT, ERWENRIILLTOMEY) Th 5,

1.5 HEAR

BREEaAs R HEES

HESL > EIA il B 0 A5

= D ETA HEE ISk, #RERI, R, fthE D EIA HlEE2ZDOEFaAX Y B
EWFHIE RN RR Y | BEEOFREFZ L | BATLZ LB TWARY, #l2IE,
THZEFERNRL, vy b2V T | SRIOMEOFEFIBN T, BASLKE
AR, AESORBICIE U T, ST A | TiE. EIA SRR O FIEEZRHT 5B <,
ENREETHD, (VryrEUK) ACG X ICE 23MT- T\ 5 K 9 IZHist D P
ReGie AT — 7RV —DERLZIY
ANLHEL TS, ZDO KD hE
BNEBBIZhb B2 TWD, (JICA A
)

ACG =2 GDFCF (% 2004 FEN =& U 7 %92 | T (JICA FHAER)
LTV, ZNETIHFAa—Y L VB
T. ACG X2 GDFCF LIS DD 27— 7 R4
—DEREZBL Z LT hotz, LD XWnEHE
LT AT DOITIE, Aa—E L ZOWEITL
BThHEEZD, ZHUTLY, LVFAEIC
B -5 2 L8 C& %, (ICE)

Eo7ay=7 MUY TUTE S L5 72 | T4 (JICA HER)
KXW EB X T D, AIEIO SAPT T,
EIN A RTAOERDO L H 722 Li1xE %
TELT, SAPI OFERE ED X H 1A% D
EIZISHTEZ 90, KV BIEMRRERE
L T b, (ICE)

ICE 1% EIA ORBRITEFETHY, ZHETIZ | T4 (JICAFRAEM)
IS AR EZFER L TCE WD, — .,
Zoning &\ o 7= HERMEH 70 A I X LB S M BT
% LML TS, SEA D7 L2 3B
W3d 5,  (ACG)

DNA N—a— RDT —H _X— 2R

AFHAET Y 7 TIE, LA S DNA N—a—F | £ B fik, BINa— R23E 0 BCTonbdiz
U VT FEICEVERBRODNADOF —FR_XR—2 |, T—F_X—ADOHEEOHEITIZS

PRI TEY, 2003 4L VIEHAFEENRD | 97, FEOSHTIEEETH Y, BIN 2— K
5o TD=H, HEIOFAETINA DN STz | 2OEEL 72 BB » T2 B R O[EE N ]

12




AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

AL E e E = I ]
BHIZZDT —F R—RA LT 25 Z 10 | fE
BEThD, ZHETINANR—a—F ¢ 7|
KR AENREfmINT-Z LN/ U 7T,
ZOTY TIZERTHEBRO DN OF —H X
— APEEIN TV RWEGEE THRIERO ST
DA[RETd H 7y, (JICA FA)

A |9

b, (TrxrEUrR)

FEAH

SAMEE T 2 AT N E TICE BB | SAPT Tik, DNA N—a— RDOF — X &{f
SHEH SN TE 7, BlZ21X, Shannon ®. | I L T EIA FEOSEEEZRFTT 52 L2
2T BHERINSH L, BUEITFEMLY | B THY, FFEaIvaror s
~ULTLAMEDIL TRV, BlZiE, 2ok | A= IR S TV B MO
IR BHEH L= EidxH D0, BETIEE | Ml FIEC O WTHEMN L, ZudEm
BlThrLEEZD, (UxrEBUR) DAZ— R R THD, 5%, aI v
g yESAE kN — gy P TCERER
HTWEW,  (JICA AR

EaE=IyarI—F 17
FaARaIvrarI—T470F, 2016410 H27H OK) (V¥ o ENTA
RINFBEATIZT, LFORAFIZOWTH#EEIT> 7,
> Aoy MNREOHEY
> EBIA FEOSEIZT -7 e —TF
v DNAR—a—F ¢ TR AR TRl T O R
v O EBEMICEEB SN TWAERA N T T 7T 4 A
> FHREIAIvvarI—T 4T BLIOY—7 v a v SO

[1 ey FEOHER]

» GDFCF k0 /A vy MNHEOEB O GV | BT o2 5 L7z No. 2 1%
BUE N2 FRM L CE Y 12 AEHETIZRE TT5 2 ERFH Sz,

> ST —H OREAE T, 150m #HRICERE L THDH F T v 7 (No. 1, 6, 9) (2B
LCiE, FRICFEICI A ZEBITIRON T RN EngE SN, 1EHDOAH
OF =& TIEfEmiTtEenizd, 2FEE LR3I FHLUEOY T LOT—4 %
SIHTT B BT X T,

[EIA FEoSEICHT -7 7 e —F]

Hi3EayaryI—T7 475 EkeE ., EIA Ml FEO SIS 5 ks
Tbiiz,

13




AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

BsmEalviarIi—7 47
HBoHEaIyaryI—T4 7 201742 H 22 H (OK) 12U _U 7D ACC FHH
AT, LFORFICOWTHi#EE T 72,
> Aoy FEORERIZE-S < GDFCF DR 3
> Ay FREOREFIZHE-S < JICA A O &
> REHERICE S BIA FEOSEICHT -

A 7y AR RICEES X GDRCF LY JICA AR & 0 Mgt Ra3GH s vz,
GDFCF 2> D3 4%— U 7 OERERICKHE L TV A HEMFOMAIC L 555, —J5, JICA
FAAER D BT — A7 EIAFRE DB X FICE S RFTZ21T o7, 235 5 O % 1
F2 T, aIviar AUA—TEIA FEOUEICHET IEREIT T

FHEAI v a I —T 4 T BIMLTA N —

3 U—rvav?

AIv v arI—T A UTIERBITLIARICESE, Ny MBI L TE AT —
TN —XOVERERDDZEEZHNE LT, LTFTORT Y a— VW EKOSINETT —
svay T EBER L, (REEE S v—r v a v TEmER. WRTEE e . v—7

= TEH)

#£1.6 U—ravlOEEREERE

U—rJvav/

%51 [l

H 2016 4E 11 4 1 H

il Yyoay -7 « Ex 7 ENARNOEG T

SINE ACG , EARTH, ERM HA%, GDFCF, ICE , JICA, Museum, National
SETENA, SINAC

14



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

TR NAay NEOTa Y= M A K (PL12) ~OBLHIEEA
ICE. ACG M UF GDFCF IZ & 2 HUEBRITHEB) O, Ymy =7 bz
U7 OERER, ~L—X N7 v P &HH LR BRREFEOFY
AN my NRAEOHI, HENA, ERICEHL T LRy T -V e
T X BRI
BRI

]

ELGS 2017 42 H 23 A

25l Best Western Elsitio "7/ (XU 7T)

SINE ACG ,BioFin, CONAGEBIo, CORAC, EARTH, ERM HZ, GDFCF, ICE ,
JICA, Museum, National SETENA, SINAC, Universirt of Costa
Rica

FERNZE A 1y MHAE DR O
BRI

B1RY—7 g v BT 5 BB
(VxR YL =R T T F2T =73y TOKT
BT 5 RH)

(4) TN T REFE~DFHHE

I ZRRE 28 U T, DNA T & 566 L T\ 5 B+ & @ Guelph K% (Biodiversity
Institute of Ontario (BIO)) D%/ I 7 ALk ¥ —%36H L, OWi&es. 7
Briki, OATEREE, 7 — 2 X— A B 2R LT, RiRIRFOMGRNE L, UsHf
@kt (RITEELT - FA 7 KRFEVRIOED AE) @b Th s,

15



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

H2E aRX Y IOHRBEN—RFTA v

2.1 axXFVIOBERRE
1 # =

ALY %, AR 5 7 1, 000km® DET, BFILT A U A KR A ik S HE A [ 27
T 5, EEOK 3T HER 500m UL EO@ET, ks 7T AT KUK, T4 T T
VRIIAR, HSeKILAR, Z T~ o LARDNEZR D | FEEIZ A D IO TR A LT
W5, dbEO 7T F AT HITEREEO I T 0 — FHF 2RV T, RSEERNX LR
WEE THOTEY, [KHINEE A ERWA, B U 7T 400m F TOKHIANA
NoTUWD,

I RAH Y I OKEL, R BT ERUE CHEE RO 26 BE, Hr e L s 23 A
& 1, 200m Riif% T 16~20 FE, 15 3, 000m At T 6-10 FE L KIRZENE LUy,
FHINIRELSWZE (B 12 A~5 A) &WZFE (4 :5 A~I12 A) i, FFBIREK
BIIREE D 77 F H AT il Tl 1, 000~1, 500mm, ¥/ HH Tl 4, 000mm Fifg (4 Y
TYHRITIX 7, 46Tmm (ST ARG H D) HY . SEERREZEAHLTWS, HMAD
HARREEN D, a2 &2 U DI Ro HEWEZEkMEAR >y ARy b & LTEERELE L
THEDSIT BN TEY, HiEREEROEMERED 0.03%2H7- 5 E iz, BIfEHR TR
SNTWDEMRED 4%\ 2875 50 J7~60 TFENFIEL TV 57,

K21 =22& Y HOHFE

3 Republica de Costa Rica, Primera Comunicacion Nacional(2000)
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

@2 F K&

a2 X Y%, EEoR 54%6K 276 75 ha (GlobalFRA2015) MSERIK & W AR 2 5
DETHDL, 22XV I OHRKREFEE(LOEE T 2 ORI bid, £ 1960~
1985 T T T, RELK LG BIGENEF ORFIHIEIC L0 sk (H LmfEC S50 58%
WREAEOEIE) 138 T7% 068 320~ Ll Lzt £D% 1976~1996 FFD XK 1 )
E A OFM 7 L2y FRAEAF— A 1997 Db ORE N — A7 1 7 AZxtd 5
T FY (Programa de Pago de Servicios Ambientales : PSA) OBRZIZ LY. 2015
FEIZIIH 54% (276 75 ha) F THRMENEE LT,

a2 &) HEE, 2000 F£~2005 00 5 FEMIZK 21 H~29 F ha OBEAPEFLET D
— 5T, 14 J7~22 JJ ha OB NBEL TWDZ Enb, “TAX U I OBMKITH
EL220HDbOD, HHBDBEITMEARE LTHROTWD” LHEfLE (2011 4F) °,
RO BHAT HER & LT, RSO EHIFIH OO RE I HZEFT LT
BY, TEEPHERICEVIEEN EF ST enZ ER—K Lo TnND,

X 2.2 FRE, BE, ENFRKEEEL (Bl 22% Y ZAEREL LR— )

FARD OB KT (K 65.8%) 2358, ZIRAKIZHY 33. 5%, HEARAK 0.6%T
&% (GlobalFRA2015), ARAKIX yi%. fFEm. HIE, KR, MAKEEDOERICL > TEL
OMBIRF i, BIAE 12 WA (BRI HEZ AR, B KRR AR, B H 2 R A
BURE LRI AR, BV EIL R AR, BV TR L R BT, BV L AR, BRI
IR AR, BAVEHRILEEZER, B LEZ Ak, B LREFER, BUlig L 7 E4)
WA ST B,

1 Republic of Costa Rica (2010) Readiness Preparation Proposal (R-PP) for Costa Rica
> Costa Rica (2011) Readiness Preparation Proposal (R-PP) Costa Rica R-PP.

17



aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

£2.1 aAXY HEOIHF XS

M R 4 WKy Area
(ha)
ST JFAEM (Primary Forest) 2, 215, 543
(FORESTLAND) | —-IKA#K 918, 483
R A EH 277, 263
(CROPLAND) 1 AEAHHEH (annual) 251, 874
& (Grassland) 1, 190, 835
JE{EHL (Settlements) 46, 999
T b EEZSLTY:E: 24, 485
(Wetlands) N U 382. 32
Z i (OTHER LAND) 188, 076
TOTAL 5, 113, 940
Land Use Map 1985/86 Land Use Map 2013/14

H# = 2% 1) 7 REL, 2016
X 2.3 A&V HEHFHXS

5 MINAE Costa Rica(2016), Forest reference emission level/forest reference level
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AREYAE TT7FTHATHERAEELI 4 —O—VIThIDERRREXIERAE
0 g

(EEBRNDZEZHLELEBREE-2) V%) (SAP1) ZEBRTHRES

@) REXE

I AZ Y Tk, 1970 FFRICE N ARG E AL, - Z - v (Santa Rosa) [EAr
AR FACC Y& - X)) F, RANSKESNIZESLRAFED 9 HO—>ThD, H
SR OB TERRIIT, REE T L X—E (MINAE) OBEE O b &126H 2 [EF R
(SINAC) T&H %, SINAC I, MEDEAEZAT LM TH Y 28 OENARELUS T,
AWMRFEX (Reservas Biologicas) . fR##[X (Zonas Protectoras) . AR H#X
(Refugios de Vida Silvestre) . ZMRffi#[X (Reservas Forestales). {mih
(Humedales) K OEEXILM (Mounmento Nacional) Z&de, = AX U HAE+0DK
25%% W HEFH 160 OIFERIEZEE L T D (K2.4)

BJ 2.4 SINAC BREET HHREX K HRERSE

F 72, SINAC I%, FEFREMLL AT L TaAARZ Y W ETEEESTH L AT AEEA
LTkh, £F% 11 © [Mraiilk LI 5 BARERE LD 72O DITBIXIZ /31 T
BY (X2.5) | BRI D IRGE XA ELC ARG IR O BRI XA R B HUs R S P
MDERBNIATO ZLIZR>TWD, BT, PRAEHIOEE 21, £ Ol o BE
k. 7T7A_— b7 X —ROWEEEEORENOHR SN D TR #HS ) 206
LTITH ZEBEDLN TN D,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

2.5 2AKZUBIZEBITE 11 ORI

(4) BEE-KReHE

ALY BTN TIE, AR ATE (MINAE No. 26435) (28N CTHRGE - fRETFE,
HARREXDEE SN TWD, £o, HEREDRERofE] & THEERICEE L T 5 )
DY A RPMEREN TN D,

MEAEESRERZeFE ] Tk, B (83 FE) | Wizl (14 F0) | miEE 81FH) Kk
OEHtE (28 ffl) 2MEE S, THEREICHAL W AFE) 12k, B8 (16 f) | "iflE
(13FF) . M4 Cf) KONEHRE BF) NfEEINTW5D, BFEEmRaIkIcE
JAH YA MO, BREIEEERLTOZRN,

IONO Ly RURANMIBEESNTWAREE LT, MildE 2f) . 5% G7TH) .
TEm$H (10 ff) | Wi (1F) | BhE (108 BNax& ) BIAERTHHEE LTE
EINTWD, BREONREL UL, FavlE (1) KOrAE OfE) Thd
(EEMEDOY A MI, [SIHEES: a2 X U DIZB T2 &EEMEY A MNa2sH) |

2.2 Tuvxl bz YT OBEREREE
(1) yauyxzl b7

" The Worid Conservation Monitoring Centre
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

AWEZY 71k, GEY > - s 5 ILTEICK 240kn DELED 77 FH AT
(Guanacaste) JN U XA Z (Liberia) AR 27 /L35 ¢ (Curubandée) HuX DILEITAL L,
2 ALY HEND 11 7 FORBHIKD D B 77 FH AT REHE (A6) PITAFET
%, £, AFWAET U 7L, UNESCO (2 HFSEPE & LT 1999 4F |2 B4k S - A X Ik )
5% 50m DBFFTITALE LTV D,

HHE
JICA Preparatory Survey for Guanacaste Geothermal Project
Costa Rica

2.6 Las Pailas HZEHIKDOAIE (R#RIK: ey bRV 7)

2 = B

AREZY T OK[EGIIRFLEO 2N H Y . WFEIL6~12 A, #FIT12~5 H, K
B, BNEZITRIORT LB THD,

YRR 23. 7 BT, EEMRERIRIL 28.6 B, RIESKEIZ 20 ETHY . Kk
DEMZBAIT/NEV, A BN EIL 50~575.5 mm OFFHICHY . %EFD 3 Hidkbd R
<. MEDI~10 AldRb2 <, FRIFEREIT 2782 mm T D, AFEHREIXREN
90% & = < RZZEDS TORFREE TIK< 72 . MZITHZEL D b 20%5 0,

A EH AT 1. 7~5.5 m/s, FEHEGHIL 3.1 m/s TH Y, SBR[ RVEFEM D
O AREERNZR  AEREM OE S B TH 5,
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ARBYHE TT7HHATHBRFELY 2 —O—2IChD S ERHKRRIIERE
HEZANOEEFDOELEBEE-—4YIXE) (SAPI1) X(BRTHES

2.2 Las Pailas HIZUHURIZISIT 5 RBBIRIKER (ICE, 2002~2010 4F)

)  Fevxzs bz U TREEOHREXE

1) ACG PREXIRD B RIREX

iR osi@ v . ARFIAES A N IE UNESCO 288k STV D IRTEXIER (ACG fREXIR) KO
ENLARICHE LT D, ACG PREERIKIT, 22X U ZIbEE, =47 7 7 EEEIZEW
TR HIIE A2 5 T 168,000 ha O T N O S 2 Il CchH D, Voa -

T e T B ENAR, Y Z - o PENCAREOEBOEN AR - RERNE E
TEY, KK EIZEFHINL TS (K2.7 KUK 2.8)

ACG PREEXIEI, PEMIOWELEMEARER D B BUZ M D ME E 72 & SRR K72 HiZ A
ERHHTEEZ RARERTHER SN TVD Z ENRBMTHY . B EMSRIEE2E 5 M
BELTHONTEYY | TRO4OORENRERERIZK Y SND,

mm%%EWiw&m&mzﬁw IZBWTEERRBRENFEL, 2 AX U I Tiigks
NWCWDRED 353D 2 BFELTND &SN TS, ACG XN IZIZ, 900 FELLE
OFMEBMDRHER SN TEY . ZOHFICITMEBAEREOWILIE, BE, vITAZ2E0
RN EEND, T, WHEHEEMYIIH BEH 20,000 fE, 7 UL UONTHH 13,000 FE,
Fa VL OHHE 16,000 FEENHERINTEY , WMEWLISCTHEE 375,000 FiL 725,

2.3 ACGIR#EXIRDAERRRR 5y

AERER X Sy [ f5 (ha)
1 e AERE R (Marine Ecosystem) 43, 000
2 | WA RESR (Dry Forrest Ecosystem) 80, 000
3 MMEAHER (Rain Forest Ecosystem) 32, 000
4 | EENREERESR (Cloud Forest Ecosystem) 13, 000

8 UNESCO  http://whe. unesco. org/en/1ist/928
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aARXRBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

FEMERER

WS A

2.7 ACG fREEXKIKD B ARER DERRRKSN

2.8 ACGREXIED B ARREX

2) Vvayry -5+ tx N (Rincén de la Vieja) [EMAE

KFES A FoILEICIiZ, Voray <7 « 7« ExNEVAREIH Y, /A T AKX, W
VHEUTX, TITTHELARPLE LTS,

Vray 5«7« CmENARIEL, E55398%5 (1974 1 A) ([2HKSx, BRE
RGELZ HE L TRESNTZARTH D, ARAIICIF2 2D XL (E1 Rincon de la
Vieja & Santa Maria%) | 30 DLEDOWJIIROVE, 77— KIWOERFET D, £
7o, BEM OZEEMEDRE < | RS OBEWRRER, KIIEKDOEE L 20— OFEEIC LY
SRR EME A ET . ART D, 15B6398%5 3 KIZKV, Yrary -7 F - BT
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

ENZAEPNTIZLL T OIT 2 25T, ARERNOHREESCEFICEEZ METH 5P 51T
AL EIEShTWD,

> BIAROUERIT R OB & & 2 FEEH O A DR B oW H

> BABORIM, I E 7 IE, BRSSHNIROBED, )i

> HWETFRRMENRH D HFTOA A, SMFEICE T 56 50 5HEBEOREGZ L] i
ZITAKROINS DS OE ., S OBEH

> R, B EME D & 2 IR OUEE K O B0k H

> AROBAREKOERERICHE CHLIEE, B¥E. T¥ BUFNFERT 2808,
AKIFEBAFEITERLS) K OZEOMDH b P HFHOHG OB EE R Na 'y &
3 v DFEE

3) BEEEABRRFEALX (AICA) : Tilaran Highlands AICA

7T FH AT KIUAROAE E500mEL o> 1, 766km* D#iPHAS, Tilaran Highlands55%H
BARERRERX (AICA) & LTHEESNTEY (Birdlife International) | K7'm ¥
=7 bV A MIZDAICAIZEEN TV D, T DAICAICHETR ST D Me— Dl R
IE. KPEEEORS NIk E 7 ) 7HIER T2 TH LYY B U RO
(Cephalopterus glabricollis) T& 5,

Hil - Birdlife International
X|3.9 Tilaran Highlands AICA

4) DX N—DITTFHATHREL=y b

X H— e ITFTHATHRE =y N (UCJG) 1E, V¥ T —%RET 5 BRIIZ19994F
CRESNEAT v Y =27 ) T %515, 323km*DT ) 7 Th %, the Wildlife
Conservation Society (WCS)IZ X B &, UCIGIX., Yv¥ W —AERICHEY L7-REICEW
T, D2 b0 EOBIHREN Do 2V % T—D0ER L TV D,

4) Fulx7 b T RZEOEEY
1) HE¥HH
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

ATRET Y TIE, EEENKE ORI B W) CTREER O U 7 HE O O &M%
ORI LT HIAT 72 AR BREE FAE T D 2 & BRFEIN 2 HINIC B D . KA
640m~860m > FAH; /i ZAH R - SE AR 2 R DI HI— VK T8 S S AR I L L3 5
ARFET Y 7 ORAL, AR, BR, FRTHER S TWD, Kt ) 7280 T
X, WA ORERE IR STV R0,

> R EFUSIEEIRASE L TR Y . Chan (Hyptis suaveolens), flower (Baltimore
line), fox’s tail (Stachytarpheta jamaisensis), garlic (Mansoa hymenaea),
Jaragua (Hyparrheniarufa) star grass africana (Cynodon nlemfuensis), pig’ s
broom (Sida acuta) %D FANMIZ B I TV 5D,

> B O TZAT RO - BRI, KR, R KR OV E S8R0 B 7 D R D
FMPFEL TS, RRDIEAIZ, 731 7 AXOBRKRITELL L TEBY | jorco
(Garcinia intermedia) . pochote (Pochota fendleri) . matapulgas (Thounidium
decandrum) . canelo (Ocotea veraguensis), caregre (Lippia oxyphillaria), manteco
(Trichilia martiana) , guarumo (Cecropia peltata), cucaracho (Billia rosea) % 100 F&
U EREEND,

2) Bt

AKREZ Y TN TINETICEmMSN TOSHAE (ICE, 2004) 2k 5 &, gL
(39 ff) . SS¥H (182 f) €A JH (40 fH) . wiAdH (7 f) | AJH (T H) ROETO
BREEPHRINTWND, N T ARITET HHRMICBN T, WO S <
NRAZATTZIEWEIE L 725 TV D (3 T A T TIESERMEIFRRIC D 720
B A A R (DecreeNo. 26 435-MINAE) |Z361F H1R#ER KL O IUCN oL v R
A MIBFEINTWHEEMEE LT, LFBAERINTWD,
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE

(ERBRR~NDEEZHDLELEBEE=4) VX)) (SAPI1) EBTTHREE
F2.4 BAEEDMRERBKOIICN Ly FY X hOfE
Class . Common Name Decree
P Family (&}) =7 e No. 26 TUCN
(#8) (Bt co—i4) A35MINAE
HoOR | k= Herpailurus yaguaround | Jaguarundi @) LC
¥ Leopardus pardalis Manigordo Ocelote O LC
Panthera onca Jaguar O NT
Leopardus weidii Caucel O -
Puma concolor Puma O LC
N7 Tapirus bairdii Baird’ s Tapir O EN
e ~tF Boa constrictor Boa, bécquer O -
%ﬁ "t TyE R Bolitoglossa subpalmata. éZlaman der Palma EN
£l 7~ 77V | Duellmanohyla Costa Rica Brook v
uranochroa Frog
Vs % Craugastor andi Atlantic Robber R
Frog
7~ 7 =)L | Craugastor angelicus Angel Robber Frog CR
7~ Jj =/ | Craugastor ranoides - CR
B¥E |V 42| Eurypyga helias Sunbittern O LC
A%V RV | Cephalopterus Bare-necked oy
glabricollis Umbrellabird
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aRZ1)AHE 7\\) Tﬁxfiﬂ?{ts'ﬁ%‘baQ_D—‘/(:b\ﬁ\é%{#%ﬁ@i?%:ﬂx

FB3E aRXRF ) W RUENED EIA FIE

3.1 = AZ Y H®EIAHIE

)] I RE Y B ORBEIESIE & T8
I AKX Y BT HERERIEEIX, 1995 4F 10 A IZHifT S v7=8:8557% (Ley Organica del
Ambiente) ZEEARIEL L TRV ., oM, EWEsEEE (Ley de Biodiversidad) 2623%
%, BREEHIE ZFTE LTV DOIBRET XL —%4 (MINAE) Th b, BREEIL, BREIX
EREBOLEFGMETHY | BHE - ERIZEEFREICSN L, BT 22iE 417 5 3
DD ENIHRITEADNTHIE SN TWD, ZOft, LLUTF OBREEREENE ) T
%P

L (Ley Forestal) (199617, 20104E21E)

M tEtElE (Ley de Biodiversidad) — (19984FkifT)

E ST AEYE (Ley de Parques Nacionales, 19774FJE1T)

B A= AR #7E (Ley de Conservacion de la Vida Silvestre, 19984-jifT)

YV V VY

I AKX Y F L CTW S BREBEDEESNIE. LTO®BY Th o,
Z LY — LK

AR NVE S5

EW S ARMESRKY

KU B A 5K

Y VvV

>
>

aAZF Y AT, ERRORRIECESWT, BEICEEZ 5 2 B FEIT L TR

st 2 S 9% Z & ABUE ST Y . BIARIEE O FAJF I Decreto No. 31849 -
MINAE —S— MOPT - MAG - MEIC, KO DOiBNMEIEATNo. 34688-MINAE-S-MOPT-MAG-MEIC
(EIAES) TED BTV S, Decreto No. 3184912k ¥ . SETENA (Secretaria
Tecnica Nacional Ambiental) MEIABIEEDEHERERI L 72D Z ENHESNTND, T A
Z U J Tk, PUTFIOR T8 Y B EFEIFEINDO G FHIE L o T D,

2 IRAZ Y HDEIA FrkR

aAX Y B TIE, EINEFICEVEIADOKGEED Y A MREDLNTEY, MHRFEED
AR, FEEHIRL, BEMBREEECLY e e FRANEEN TS, i C
BIL Cid, BERKEICZVUTOL ) ITHEINTWD,

27



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE

ARRANQEEZRLELEREE=-2Y 2V JXE) (SAP1) EBTTHRES

#3.1 22 & U WEINESITRIT B B EESIE

Bar| STFENE HEA FE N
A EER 72 BRBE R BN K Z W 2000kWLAL I
B1 R/ BB B R (H\W)Y) 1000kWLA 22000 k WA
B2 BER R BRERENPRE (KW) 100kWLL 1000 k WRTH
C EREE R DR 1KV 1OOKWA i

EHTF Y —|ZBITFAEIAN e R T, LTO®Y Th b,

F Y

YV V V V V V V

va=0)]

YV V V V V V VY

yibak=4)]
>
>
>

>

U EADEZEDFr X

FEEFT X D 0BRSS B ED L DAL

SETENSAIZ L B ErEE T & A A v MEE (EsIA) DTORVERL
FEFITLHEIAESE

FHEZ T L DREETE S (DICA)

SETENAIZ & B EsTAD Fat

SETANAIZ L D BREE 7 A & o A DFT
RET=4 1 7 OTEHWmE

U S EBLOEED T X

FHER I L D WIWIBREE R B ED L OER
SETENAIZ & % BRIRE ERE M (P-PGA) DTOR{ERK
FhE 1 L D P-PGATE S

FHEZ L DREETES (DJCA)
SETENAIZ & % P-PGAD 5t

SETANAIZ K D BREE T A & A DFEAT
REEE=4 1 7 OERE

DEEB2DEZED T X *

FERT XD 0B R BRI EDL O R
FHEFIZ L DREESTES (DJCA)
SETANAIC K D BRIE T A & ADFEAT
BET=41 7 OFEN

*FEH OBRBEFLSSETENAIZ X 0 AR S-S Ehs L CW AT & S =3

EAEN

BT AV GEECE RO T L 72 D,

AT AV FFECOEEDFHr X

>
>

FEZ T X AV HIBREE AR M ED2 D AERK
SETANAIZ K B EBREE 7 A & ADIAT

BIAOFESE J71EIL. L FDEIATA RTA4 XV HESNTWA
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

EIATA R A 343 — MIah TR Y | EICEREREFM (B 7 2V —A~C) DfE
RGEICET 2008, 7TV —BIZHEIN D FEITRD DL EREEHGHE (P-PGA)
DVERR T iEERE Lz b i b s,

HEHEEICRHL LI 7 X —Z DA RIA VFHFELTELT, £, A7a) —
ADFEETEMT 5 Z LDRD ONDESIADFEN G T 1EEZEDTZHA BT A4 NIER ST
WU, JEH . EsTAlE. SETENAZMERET A TORICIEWVVEMET 5 = L1272 DA, TORVER B
IZBWTZEDMAT — 7 R — X0 HEFIEEICS L CEREZITT 2 FREiden,
K2 7 REIADEERETIX, SETENAI, S EIZ)E U Tioo BB RSB FICEIA S EON
KOONWTERERDDGERH D,

F 7o, SETENAIZHIBVEBICEH L LTc® 7 X — A RTA » OBEAEBHERTFT L T\ 5,

> EIAHA RZA4Yv X—PHR1 (34 No .32079, 20044F)
A7 TV —CRUB2FE71ID2 23K b5 FHEITKT 5 A B AT D FEIC
B+ o04 N74

> EIAHA RZA4Y N—12 (EANo 32712, 20054F)
AT Y —A, Bl RUB2EIIDIARD 5D FHEITKT DA 5L AT O
FEICETLH2HA R4

> EIAHA RZA4Y N— 13 (EANo . 32967, 20064F)
R & OBRICET A A KT A~

> EBIATA RFA4» ,X— b4 (S No . 32966, 20064F)
BRBEE PR (P-PGA) DOEFGIZEAT A2 HA KT A4, ZOHA KT 4 28BN T,
WL T DAERERICE L TiE, BEE T DR E L OB OFE O R E
RS T OBAROEOEN, BERORE, BEIFEERESFOTHEES LTS
PR - (REFEORE., MEIEREWAERRRORE, 2Eiid 22 EnRkdDENT
W5,

F7-. SEA(Strategic Environmental Impact Assessment: HRNEHIBREREZZESSEAM) 13X,
AR ZEDOFHE « ERil A2 5 2 5 FEOFHE BRI 1T 2 _LALFHE O B 2 x5
ELTERETEAA LR THY, BibT5LB0, KERL=2—Y—F 2 R TIE, HiEE
FEITKT D SEADN GBI BEPE 1T I T I S 41, BREE e OV i 2 75 8 L HIENBH 58 oD FE it m]
FERT U 7 RREINTND, T AKX Y DITENTIE, HEAEED BALFHEIC RT3 5 SEA
FIEIIFEL TR 6T, BRHIIARTLE COFEMOFLRMORE, HFHRE~DEE &
W o T AR A TR S ATV R,

(3)  ABRHAEFE (FR AT RX 1)
EIMC BT DAREARMRAEIL, EIATA RT 42 /X— R4 (35S No .32966, 20064F) (2
PWEWESILD, BEIZT A - "4 T A TOEFIZ L FICEH#T 5,
T A e XA T A 1T OEIAT20024E~20044 120> F T IHE S 7= A RERIHAE CTid, MisL
¥, B, e, mAEME, AELORBEZNSE LT, LTFTOFAETETEmRL T
Do
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

#3.2 Las Pailas IDEIAIZBIT AARBRFAEFE

EiESSSE A FIE
W FLE H®E, 74— R A5 BEfRE., b7 v 7k (XX
B4 HEYE (B R O )
T€ 2 %A HEE (B & OMKH)
it A= %H HEE (B & OMKIH)
FH T U TRE
B HIE AT — b7 (E3benDM & T A EET S i)
= XA RNNToTE (=Y EANTay TR EEMERICONEL &
IS, EIWZHE T T HRBEERET D HE)
» A NI oTNE RMICHEBAZIT L, BEEoT- R E2BEET
5 I51E)

EhfEGAE I, BE#E (Hymenoptera) . MM E (Diptera) . fii#iEH (Lepidopterous)
KOV %8 (Coleopterous) Zxf4id LT\ 5, b axtg e Lzl e LCid, B#ED
KEITET TR, AERICBWTEHERESZH - TNDH—FHT, N—a— FRERR
WERIEDEE LW e, LRSS TV 5,

B HBEFHAETIX, Air216MEARE S e, SHTORER, IR TEEERE<EZ <D
FEAFER S, BHZOW T RARDIINICER TH SR EWRER L o T, 72
2L, RSB REICBE L X, BLFD LD RatrihlmEEchanTtind,

U S NTC215fE, 2 A X Y BAEE TR STV D431 D4, 92%, FoiE, 2R
) et TRHREINTWDRE (19984 % TIZINBiolZ X D RFE STV A HE) D0, 34%i2
b= 7oV, Fo, AR, BEAE, WAE, @HHAE LK OHBEOAICIRE S, £
RIERA LZFEE, BRENERT 22 70O LNAN—TERN D, K
Tzl b U T RERORBROEMSZENEE R L TNDH DO TR

REEEHEIEIZHBWNT, TE= U U RIEE L LT, BARREEE Tl HE, MW
LOEWAE (EFLE, . TCHE, WAL OUKAEEYE) PREINTWD, BRE
FE=Z U U 7ORBIZITEENLTWRY, T=F U V7T FEONEEZ RS JITERT L,
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

3.3 E=HF VY UTFE

T=s UL EA | T U T NE S s UL TBE

" SN e N R T i
NS TR e 06E % T,
FROBIOEE. BADER. Mk
O e

et AR B D5% 2R L, 7 = of | EoH R OB
DR (B 55) OE=41) 7

Bk

AL B L DR (REOR)

[ HAIC L DR (R OR) BT 5,

Teh BT £ DR (RO S Y
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— R VEREZRDDHIE L 72oTHRY, REFEIEZAT —7 ANV E —ORERBKBES
LN, A AZ Y A TR T EROE R 2RO DHIEN 72 < . BEIAOFRE ik
IXSETENADMERL T D TORICEE S ERE SN TS, £7o, TORIE, FHECHBE L LD
ThHY ., MNRFEOWELK G HEMD BARERER R E 2B/ L TERSTWD b
DTIERVN,

AERER DA FIER OFHEICEE LTk, M, w4, Wi, B, mAeEFEED
TEHFAHED LR fi e L CGREIN TR, 2 XX Y I KOHARD A TE BEN
AR EZEN TV, BARTIE, ABRRHEDTA FT7 A4 2B\ T, BEEOM
BEFEICOVWTHHRIN TN D, dHliGEE LT, BEERECER TR E AR
DEBEIEEE LTS Z ER—RNTH O | EMRSEM SO E L% E &1
V2RI 2 7 IED HIBABAFE DEIATERH STV 5 7 — A ITHER S AL T ey,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

FHATE DNAN—aT ¢ VT FRIZE L EBRRAE

4.1 DNAN—a—F 47

DNAN—T—F ¢ 7%, AMFEOREOBIEICEH LT, ARSI E 0T 5 2
ETCAMREERET D TFETHY . INE TIFICHIESBFICBW TR S TETwn
5o EMREOINCIL, SMBIEEEE b L ICEESIASEN VST E 20, 7T
TRU A IV AT E OB N B TN R ATRE TH 5 72, DNAD K KL S|
Rt A I R FIENE K L CE 2, TR TIE, EMOSZEME L0 EfEICHEE T
XD OEEDICK L THINANN—a—F ¢ U 7 AT 28 E BNIAN > T DH, DNAN
—a— REMH LR AEIIE. FREDOT ) 7 OEMZERIEORTE, FrE OfEICE
REY TR (HRODIAYF LY, VU LAVE) | JHERONER Ekx b OR
bD, Fio, KERARERICET 2 AERERTAICE L CiE, AKFIZEREL TV 2DNAKT
O T ABREDNATFIEIC L DRESCE=4 U 7R EICHDNAN—a—F ¢ 7 03 A
EnTn5,

4.2 EIA DARBRFAEIZBITADNANN—a—F ¢ 7

EIAIC BT 2 — 22 B RESR A TURIE, ARER R R T 2 JE FIE O3 A
HTHDHZ LY, WIS E R EOERERD MFECH /DR L FREORICER
UGl « RHliNFEME SN T\ 5, 2072, BRICAERRICET 2 &EISOMEEN R X
NTWHHERY X Mesnu T o fE (EORER Y 2 FRIUCND Ly R 7y 7 [ZREH S
NTWDHE) BRETHY, MOREIEHFMRICEVITOIL TS, DNAS—a—F ¢
YU, BEBETESNT LI L CERICHEAFRET 2 ZENARRTFIETHLHDOD,
DNANN— a2 —F ¢ v 7 FiEZ R T 5 AR RHEITEIANFIE & L CITEERER Lo B
THY ., EIAICK T DiREFIEL U TRHA ST D FHIEMHERE S TR,

—F. AREROENEE=F ) 7T HHNT, DNAN—a—TF ¢ 7 FiEE W
ARBRIAE A ER L T2 F4] (EIAOFAES) B TFTDO LB IEINTND,

() HFZDNew Gold FEINEAIL T 1 27T BT H1) B ERRREETEH DS v v MR
=
HFEDOT VT 4 vaaa BT EH HNew GolddkILDOEAILITZOEIH
(Restoration) MENEAEMRFET HZ & ZHIE LT, DNAN—a—F ¢ > 7 FiEEHN
THRRREZ TR L0285 5, ZOFEFITIE, BLBEOY A M\ T, JLLE
FEATOIMRITHEIA LoV A R2fEFT & R—R T A L e DRBAFY A 2T O AFH
FERTICBWT, v L =X 7 v 2L RRARE L, BE LB R ZDNASHT & i

2 Expediting Impact Assessments with DNA Barcoding: Pilot Study at New Gold s New Afton Site,
Biodiversity Institute of Ontario
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
ARRANQEEZRLELEREE=-2Y 2V JXE) (SAP1) EBTTHRES

U el 217 - 72,

&7 w7 T3F6A~IA BN TV L —X N7 v S TRE LY 7 L2 JE 1R
OMEETEI L=, 2055, BEOY IV EREE L, Aits2yr 7 87/
7o 7 x4RTv7) BINAGHT LTZ, BT v 7/ THRESNIZGEEL, 264 (KD
86. 9% (23> 7= 544, 528[EIKDDNAD o — 27 = R L, £ D H H42, 063[E A% L
TBINAFH SN TWD, ZODNADGHT T —H 22, M7 v 7 MICEBT 2O EEE
“ W (Species overlap) . N7 v BT HFEDENS (Species richness) ZHfElb
T5Z & T, MAROHEBRE N ThNT, BT, BB RICER LY A R
R—=2AF A DY A FOFEOENINE LU > T2 L X0 BIHARI D)
LD EFHMEL TWA, B, 22 CTHOE )X (Species Richness) & iXffi%od =
LEEWT D,

(2) A FFOENARO<V—XTu s T A

B LAERE R OBERME AT T 5 Z L 2 By L LICDNAN—a—F ¢ U 7V FELfEH
LiefFEW77a v/ b LT, THFXOENIARO~L—X7 075 5] B3k
b, ZO7uYxr NOBRWNL, BT X OENARICAERT 2 EROAMSIEEE~ >
v 7L, REIOBICERIT 2B BA~DREEGNTT 2 DICUBEIRR—AT A T —X
EREETDHZETHY, 2012~20155 2T T, B FHHBUFOHAIT XV Guelph KEEIC
KV FEfESNTZ, AFvy=r7 FTHE, BT X OENARSETICBN T L —X N7
v T2 L CARET25, 000fEARLL EA2 Y 7 UTERE L, 619, 00048 {4 LL_EDDNA
DM EFEMLTD, ZOF Tz FOFERE LT, W FXORXELARICKEITHE
HOEMEZERED R—RA T 4 VPRSI, SHROENARNOAREROER T 0 7
LOWEICEMTE LD THL LI TWD, B, A7m Y= MMIGlobal
Malaise Program'[dlfk. Guelph KRFTEED o=l NO—BRTH D,

3 UL —X Ty THE

~ L —X N7 v 7R, KA. UWRTT > M 28R ERe 508, — etk
BlIRL 1O LBV THDY, TREEICEVEEDEPRREEELZ T D) R
BEFEL LTUIT AU v MER, SR, BZER E0R FﬁM®%%®ﬁﬂ
HWLTWDEWRD, b, BREAEPRENRICEEZKIEFTZLIT ZEALED
Ty FICHEOME TH L8, TRESFEELZTD] AN~V —X T v T ORET
REHRTHD,

3 http://biodiversitygenomics. net/projects/cnp/
Y http://biodiversitygenomics. net/projects/gmp/
5 Tnventory and monitoring toolbox: invertebrates, Department of Conservation, Te Papa

Actawhai, New Zealand
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

Fio, vL—X R T 7T, Ty T OFRy MNRSICEZE U R BEERS, B
FEHOIOOHICE F L TEZTT A a— LV EESNERESND L WO EEDT-D, K
BICBREINTSGEIE, BAEL - RARRLREME S5 72 ETEANEE LT 0
Hbdhbd, ZOZEIFE, NMCKDIFAEEREZTHRTT AU v MIET LD,
DNAN—2—F ¢ U T FREEZRWEFEE CTIERICT A U v b e b,

~ L —X N7 v L, HENFEEICEDE CRESTZRET2HERD D, BEIL
%< ODRADBENT DGR 0Zex i, (HEDO e SICRET 5, BRROHER
G0 BN RS CIIBRERN RN T D & ENd,

O~B0%IH ) —Il
~_ ADREE Y B ZOEGHIZ
\ \\\“x $x-T
-. ~_ ER BFEFEADS 7D
e (BBRY ) -
~Gez As < A TF
T EERuR G L -
MATERRSE b
e P TN
EALAERSTRE | | -
e = L
1 e eyl R R S
e - EvL- .
5 FSwT o,
4.1 <=L —X T o P DR

F4.1 wL—XFSv7OHERAY) v F+FAU Y R)

AU bk TAY b
C BRBIZAEIC K RESR AR E R E

2T %,
© BTN~/ RO TR L R A SRR

cRENESTHY ., MRERIHEN T 5 Z CREICRET DM AD N7 v T D7

EMWTE D,
- BRROFHi R b E ERNICEH D Z &
NTED,
c B CREORAER R 2RETE 2,

O, FFEOFERCRET NEF 825
T AT (e B I
WeE B4 LW TE LT, ReET
NI TN DT EERED A 5
2o TNRNEDNEY)

T v MO, BT 72T TR O

HREEZTROTV (HEOfR)

L= (2006) . L HERAE LATACEC R

http://www-agr. meijo—u. ac. jp/labs/nn006/entomol/manufacture-specimen. pdf




aARXRBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

B FEROERAENR

RV—AbT v T, @GP ONBINEHE TREORMEE B ZRIETE, Zh
O OFEAERRL, EEBOEBOEAE EREINCH L FIEL LTHEZI EEZ bND, 2721,

RELGITORBEMEICED  MEFRIIRE ARLOTREORIIEERLETH D,
BIROWBEIBS 72OIZIX, N7 vy IMEIXEE SN LERH VR Y TR L
TBEIESNDZEDVnWE ), bOENUOBREZHERTILERD D, |

B, =X N7y S TREINIERBEIL. M v TEAERAT LRI, T
Y T DOFy MICHEZE L, EO% EEOBICHHE SN D NN TR & /N o
METHY, FENATEOF ) a ], FENATHRE, ARV I TE LT
HHONTWRNWRHD I V—TIZBT 5L, A ry AR TH, T X
O AN OFENREMED L & HdTz, BBEOMIEIT RO ALY A TRINOE
BB OIR, v =X NT v T TRESND L) /O AT, TR I, R
MRBEDHEVBLT, BN THNDIZS WEDOBZNT &b FrICHFZEITE LB
Thy, HEEECRAEMFEICREIND KO RENRESND Z LI3bhnEBEIz N5,
IWND a2 FZ Y HIZHETLH Ly FU R MEERE"TIX, BRETIE, FavEKD
VIRHENREINTWDN, AT HROANTF BITRE SN THRL,

17

TUCN:  http://www. iucnredlist. org/search
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

EHE %"4 Oy b 7uYx MMZEBIT 5 DNA DT OV is Bk

5.1 SHEEK

ETA IZ8BT B ERER~OEBFMOREE O EiconT, BREHWZDNA R—a—F
AT ORMEFIEEMWHLT D ENTENL, K0S RFEL L TIEROFELZREL
720, BEROMBICEM L CE/MLIZY 52 & CrHMliOREZ M ETE 50 END D,
IO, DNANN—a—F ¢ VT FRIEOFIMEOHZR Z1TH)> L2 AL LT, 7 - X
ATAIL YA MBI M ey hray=y MaFEf LT,

F. ZOMREIL, ODFCFICEFT DI LICLVEBLZHLDOTH D, GDFCF MERL L
FooSA oy MEHAHRAE R, [RAEE9 S oy FEAICET A7 7 A F A LAE— o
WY ThHD,

5.2 WAL
(1)  FRExSRH

NRAay NFadxel Mi, TR« 25452 11 HEBRMXOPLI2 7T > N7 4+—
A (LR, PL12) x4t L L CEEHE L, ACG L TN GDFCF 23 2013 4£ 9 H X 0 PL12 J&34 9 Mt
RIS b= 8T v F2RRE L CHRE LIRE ST R BEAE DNA N—a—F 1 U 755
DOXGH TN E Lz, 7B, DNANN—a—F ¢ I, 209 7»Fid 95, Nob
FONo8 A FR< 7 4 AT CERAE ST B A RG220 L 7=,

PL12 &30, JEI0 % R Be b O BV AR C B E N BRI ChHh D, v L —X T
v TERERFIEL PL12 O THRTO 2013 49 A BAERGIE THEMGEZ O 2013 4 11 A
TH (FZE &%) %5, PLI2 IZBIT 5 THEMNMEFKT Lz 2014 4 11 H A ETo
W1IHFERTHD (LEYEF R .

P112 OALE, PL12 AL DR %X 5. 1~[X 5. 3 (Z/RT,

B EZEIIE T v T ORERIIZIZ DR Y —EHO NI v TIL20134FE 10 ALV VU TV EEEL L
TWAMN, BETO T v B TEREMREL 72> 7-DIL 20134 11 A 21 HOBWTH 5,
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aARXRBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

Hif - Minae
5.1 TFANA TR HBBERMROMER (FRik)

Parque Nacional Rincén de la Vieja

Sector Pail
ector Pailas Sector Santa Maria

PG PAILAS Il

Image © 2014 CNES / Astrium

Image © 2014 DigitalGlobe \ (:()‘)qlc es rth

5.2 PL12 A NEEE

47



aAXEZIN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

‘BH : Luciano Capelli
5.3 AL F R 11, PL12 B DT
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

(2)  DNAN—=Z—TF 4 VI HHRBET TV DBRE
~YL—ANT v T ORENE

PL12 JERDIZERE L7~ L— X N7 » 7%, PLI2 (BT ZBAFIEE) (HRHI%) 7~
T AEKOFERICL DEBLHET 5720, ESNDT Y T OumEHEMES (m) &L
T, AN 50m, 150mIZ A-72HISIC 2 ERE L, 203 8E 1y hELT,
A3ty bDTA L LT,

VL= b7y T ERE LI, X5.4 KRS 1 O@Y Th D,

Hi#lt: Google earth (Z/N%E

AR B BREE
Nol, 6, 9:PL12 2> 150m B 7= MRS (N—A T4 T —Z L LTHND)
No2. 5. 7 :PL12 2> 50m BfEd 7= A bhER B
No3 : PL12 IZBEBET 2 Ak (PL12 X 0 0@ W GHT, Tk i)
No4 : PL12 IZBE#EET 2 hkf% (PL12 X 0 @m\W5EHT)
No7 : 77 & ATEEE DS 10mFLE O ARAREREE
<L —X Ty TREMNMEDET
PL12 YA FHLIRIZEEVY, Nod DATEDBE) LT-,
ALIPSE S
DNA N—a—F ¢ U 74HE, 9 »FfdD 9 B, Nob K UNoS k< 7 » FF CERE I
BHEZ X RICEN LT,

X 5.4 wL—XbT7y7OBE (Nol~No9)
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

#5.1 wLV—X N7y TRE

VA b Ty TOEE
74 Om
(e ) 50m 150m
No.1—3 PL12 |2 BHE 3 B ARkz 0> & ARk
VTS T A o No. 3 No. 2 No. 1
No.4—6 PL12 |2 B2 3 2 ARk 0> & AR iR
VEE TN 5 A No. 4 No. 5 No. 6
No. 7—9 PL12 ~fe< 7 7 & A BRIk
B9 2 Mk B BRI~ No. 7 No. 8 No. 9
L5774

PLI2 BOICEREBE SN IMMED~ L —X T v 7D 5 H, 5.2 DEEN Y FESY
(No.5 B O'No. 8 ZFR< 7 »FT) THEINTZEBIEEZ DNA N—a—F ¢ > 75kt
L L7,

KARPFHELYNL, £T7A4 0D 0mE 150mDE 6 HUSEZ /oM kg & U TERE L TV,
wmH, FREMSORBELIERETAIVNERNDD EINT2), No. 2 ZiBINLT-,

PL12-4
PL12-3

Hidl - GDFCF
5.5 201444 BITBIFT B PLI2 DR|E N~ L —X 8T v 7No3, Nod BRENME
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

Hidl - GDFCF
20134-9 H 26 HIZBITH b7 v TREDEET

WANRIGSE S ARG

DNA R——F ¢ 7 DG L 725 BHIT, 20134 11 A 21 H~2014 411 H 21 HOD
IZPLI2 DT 5D 7 v 7 CHZ EIZEIR S 52 5y 0% 7L (Tx 52 =364) &
L7z, FEBRIS T v 7 OREREIIZ DR | —HO M7 > 7 TIL 2013 4 10 A &
DY TNVERELZLTWDLEN, BTORT v FIZBWTEREAREE 2572 D1 2013
F11 A2l BOBTH o7, D=8, 2013411 A 21 HOBELRNIEHRE IV 7
JAZONTIX, BEE L TINAGHTEFE L TWD b DD, T —X 5T OB TIEEE
IHTUV7Ze0Y,

YT DTSR
By, T XD Guelph KZF® BI0(Biodiversity Institute of Ontario)
25T L. DNA 4347 2 520 L 7=,

5.3 BARX T TV a—E%
~ L —RX N7 v TRERIIX. & N7 YT TR L, PLI2 O THEFTO 2013 4
9Hi@1Lﬁ’#ﬁT$%LtoN4DVF7DV:7F’EPTAﬁﬁ%&Lk%V
TVITLHEBMER O 2013 4 11 H TR (RF &) 726, PLI2 IZB1T 2 THENIE
T L7z 2014 4 11 AR E TOR LAFEMICRES NI IV Th D, PLI2 IZEBIT S
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ARAYHE FT7FHRATHEREELI Z—O—VIhh S EHERTIERAE
HEERADEELZDNDE LEFBEE-41USXIE) (SAP 1) %BETiHREsS

HEBHIE X, 2014 A FREFIETHRAIFF T (#72) 1 2ZHIL2b O TH D, BFED
RIS 217 T B ThH S,

—2014 42 H 3 H~25 H : PL12 ICB T AIEEEBIT X D HRHEE R B IS E O &% E
—2014 42 H 256 H~6 H 31 A : PGPII-72 DZE4L

—20144E8 H 1 H~14 H : PL12 (28T DFAIEREE L OV PLI3S ~D 3 E OB )

5.2 2014-2016 FITI 1T D BERTEE R OFHERN

NAay vy MBI
i A £ ERIR Y BRI (RE)
20134F |9 A N7 7E%E (1 5R)
10 H 10/23  PL12 Ofx+%/%& 1
- 11/21 : & COFZ v
11 A PL12 DfIcER/HHh 5 - B q
12 A |
20144 1) /21 PL12 Ot
2/3~25 N
2 A PL12 IZEBT BIEEEBIC
?E%J**%%ﬁﬁb&%OD % |
2/25~17/31
2A~TH | pepri-72 mzeaL
8/1~14 B
8 H PL12 (235 1) D i AfESE TS X
U\PL13 D EERE DR |
0 11 PGP-72 DAEFET A | 1 9/19
(21 HFRHE#fE)
10 A PGP-72 DT A |k : 10/28 N
(D7 11 H R
11 A 11/13 K SAPI BREEM T

‘X‘Liff‘ﬁ?b B, BRI iﬁ?b?hfb\é# K SAPI IZHEH ij—ézﬁ'/;‘—ﬂ/@%‘naﬁ L7,

2013 4F 10 A 7 H @ PL12 7/¥AHE B ER 2013 4F 11 A 13 H® PL12 DR
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

2013 4F 11 H 26 H® PL12 ORI 20134 12 A 12 A ® PL12 ORI
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AREYAE TT7FTHATHERAEELI 4 —O—VIThIDERRREXIERAE
(ERR~NDEZEZPLELERBEE-SVIXE) (SAPI1) EHBETHREE

5.4 HERE
(1)  DNAN—zZ—F 4 VT HtikER

DNANR— = —F ¢ 7 O%tG L /e B R m & LT, 20134E11 21 H ~20144E11 A 21 H D
MIZPLI12DT-2D k7 » 7 CHIZ B S V72628 53 DY 7 ) o 7R MVICERE S U
FERBOY T (Tx 52 =364) DDNAS— 2 — RSB OfEH 4 35. 31T 77,

S TR ST U T L OEIR ST 144, 994BIATH Y . D D BINAD L —7 =
A (BEREA & wite & )T LT BB O 713134, 828K TH ~ 7=, 134, 828
fEfAR D 9 HBIN (Barcode Index Number) “23F5 X7zt D131, 1SHEKTH - 7=,
DNAZHTClE, By o 7 O EES AT S 40 C 2 O IERLS D /3 2 — I ZBINAS
SN D720, BINIZDNAZGHT L~ B W THIERCSIC R S & S D A2 BT
HHDELTWD (BAZEERSIZELTNDZ EITEIBE LV TRAEDREE LT
EZNDHTE0) . FOD, BINODE=FEOH, AT LET5,

DNAZIHT DFE R, 92 7 ABITB W TBING (Fisk) O&RFIZ1L, 385 THh 7=, DNA
INTOBWETH T ANR LD ELTar X I 2R LT, £ TI581h 7T
o,

B, BEERE LT, DW= —F 4 VT DOFT —H_R—=ZEEHL TN D
BOLD (Barcode of Life Data System)?|ZBWTEGFEIN TR WHTT-72BINE (2 =—
ZBIN) 146,244 TH -7z, ZTHUE, AHAE CINAGHTZ N L= 7 rvodizix, o
IWETINAN—T—F ¢ T DT —Z_X—= R TBEFES VTR 72 72 Fl 236, 244FE 0 V-
ZEEEHRLTND,

9 BIN |34 E1EBNC N —a— FEERSNORE SN T AZ I —BRE5EO0., BENRSHE
FHE LTHWLR TV, £< OFORSIEL SO BIN 4T3 Enbo, a2 LEboixs
7).

2 http://www. barcodinglife. org/
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aARXRBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

5.3 DNAS—a—F ¢ TS5 OfE R
—27x BINWTE 2

MBS AR VAR ShfEfk! BING) P Pell SSTUHN EUUR
PL12-1 9,829 9,172 8, 898 90.5 1,836 225 108
PL12-2 8§, 488 7,724 7,535 88. 8 1,556 145 42
PL12-3 80,124 74,520 72,394 90. 4 8, 650 3, 286 900
PL12-4 7, 868 7,251 7,112 90. 4 1, 856 253 78
PL12-6 13,145 12,314 12,044 91.6 2,186 282 106
PL12-7 9,825 9,291 9,110 92.7 1, 698 181 113
PL12-9 15,715 14,556 14, 091 89.7 2,523 466 234

AEF 144,994 134,828 131,184 90.5 11, 385 6, 244 1,581

YYD DNA S HTSER BN U, HEEEECHIS AT X v, F OIS A © &2 BIN 23 5 S - fEfE

DNA AT OFE SR, R ARSI 265 5% > 7 VIEIE U BIN 35 &b, BIN Ofkix, IR D/
—COBERUT LY, FElo, DNA G L~V TR Z BEWR T 2,

DNANR—a—F 4 T DT — X _X— 2L LT3 BOLD IZB W TEE STV RWHET7272 BIN (Zh
FTDINA DF —Z _N— XV HT T 72 L 7] UE )

PO DNA YT ABNRALEY  BROY U TIVAKRICHORBED DNA SR> TV Lizb o

& N T v FITBIT ABINOE DR DO ZEAL % [X5. 61277,

BINs by Week

1200 35

1000 %

Max Monthly Temp
Min Monthly Temp

Weekly Precipitation

PL12-1

PL12-2

Barcodes
Y
3
8

(wo) [jejurey pue (7) aimesadway

3
=
o

Hi# : GDFCF Report
5.6 X FT7 v IZBIiFH BINOEL(HTOEFERON—IX, PLI2 TR 2HEEEID
EhHAE 2R LTV 3)
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

(2) MR DO : ZRARPERD No. 1, 6 K TUNo9

PLI2 DT T v N7 4 —L R ONT 7 & ZEEE S ARRNES 150mIZ7%E L= No. 1, 6 &
VID3 OO T v 7ICB LT, A TOREBEZEE -, 20 150mHSE, 77
v N7 — LK OT 72 AERIZ L DB EZ T =R T A el L
THREENTZLOTH D,

BHRIZH T 5 Z & D BIN OFOE A 5. 7127, IRHITEE)A Efi S 7z 2
HA~8 HIZBWTHRAEOE(LIIRINTE LT, 77 v N7+ —AKOT 7 & REHK
WEDEBEIHLFVZ T CWnweHh bbb, £z, FMEZEL T, #F (1 H~5 H)
@ BIN OFUZIZIER U L~ LT, MENIEE D 5 HIZEMLTEB Y, @5 O R BOFHE
BRI N TS ZENERTE T, £, 5L LT, BRI REWEEbs
REERIX, 11 APAE CIITIEERE T LoD ICRE SN T LT —
ZNET T ZITIEAS THORWA, No. 1 & TONo. 6 DAL ERIFIA L B2 5 10 A 13 HOHE
MOV TARREINTND, EOT —H TR No. 1 LT No, 6 N84 %
TTNDZ & ZRd K0 REEBITR LTV,

W U T O OR B OARRICRE R LTV % GDFCF @ Dr. Janzen KD &ELZ|Z &

He, Ay MHBICBIT AN ENDIL. FHEHOLEZ R LEZ G, R
HX 725 150m B - FREEIC B W CIEBIRIC K DB Z2Z 1T TW R W Z ERRIB I LT,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

Hi#ft : GDFCF Report
X5.7 Nol, 6 X9 IZBIF 5 BINDEN (RTOFERD/I—iX, PLI2 IZBIT 51
HIFEB O EBHIM 2 R L TV 3B)

F7-. FAEHASKICAELRT 2B REEO EORENERETE TV DONRT 57
b, SHUEFICEIT S BIN () OBREEES VAR L, K58 NHEAEAWE R LK
ToD, No.1, 6 KON ML CRE S 7= Fi%k, 1816(No, 1), 2155 (No. 6) L TN 2492
(No.9) Do 5, 588 FlE (13%) 234 3 HuSIZBW Tl 2/ CTH D Z &R I,

Hi#ft . GDFCF Report
X 5.8 No.1, 6 B9 IZ81T 3 BIN DEHES
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

(3)  HuSRIDEE : No. No.3 , 4 KUNT

WIZ, PLI2 DT T v b7 3 — L KOT 7 & ZEBOMERS GEUES : 0m, 10

m IZEEL7=No. 3, 4 KON T D3 25D hT7 v LT, HSH TorEkaHEeE L
77

FHRIZIT 51 Z & @ BIN DBOZEA A 5.9 1TR-T, ZORIELY ., No3 DN
I 238 LT O R & e U CEEE S B OEEEDIEF 1L < e o T
DT ENHERS NIz, FBIZT Ty M7 — AORBEFICREBI N THDHIZHE LT
No.3 KN4 OFERNKELS BApo7HEB E LTE, Nd D~ L—X FT v 7 ORE A
MEIRSTWEZETHDLEZZOND, ~L—A Ty E, T MRIZESTZR Y
D EEICERE SR MUVIZR R ZFFONARSHE S DA L 7> T D, No. 3 D~
L—X Ty %, @EE Y BRER AR KBOERAY BN HEICEE S TR
DEADNEF VT8, No.d DR RMUIZHRAO 20 FAICRE SN TV 272D
BERPAVIZS ol tBE LD,

No. 71X, 77 BARERMICREINTZNT v 7 THDHD, No.4 LIAERIZ No. 3 D KD
RREREIZAGNT, HRNDONo. 1, 6 KOV EFEIOE( L7257, No. T IXTLHFH
MK D CAIZLY . B0y ORENEEZZ T TBY CELICHENER) . b
7 v ZIIRE T O BIEIC 72 DBANCERE STV e, BBl CAC X & o R i
(foliage feeding insects) [FRE < EEIIZTT-H OO, ZDMOREFANEE RHIX5]
EME N T v TICASTELL LD EEZBND,

Hi# : GDFCF Report
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

X 5.9 No.3, 4 KWNTIZRT% BINDE/L (RTFOFED/N—iX, PL12 28T HHHI
HEOEMBMZRT, )

Fio, FHUSHE No.3, 4 KONT) 128 A BIN) OBEBEEAEWVICONTHER LT,
X 5. 10 NEHESWER LK TH D, No.d TERESNI-FEE DK 72%, No. 7 THERR
SENT-FEEDOK 61%75 No. 3 THER SN TWD, EIEOFKIHEA Singleton BIN THh 5
TEeEEXLHE, ERVIFIREINVEEZILND,

Hi#t : GDFCF Report
X 5.10 No.3, 4 RT3} % BIN DEHES

(4)  No.3 & Z0Dfh 6 HiS DL

WIT, BEREE L OB R R R L /e o7-No. 3 L 2Dl 6 #HimD T >
TEWT D0, K5 11ICE Y EEEAWEHR LZ, 6 MR TRESNTZREADKN
70%i% No. 3 THERR SAVTUW 223, No. 3 TEREE S L7 5, 220 FRIZHOW T T » 7T
ISR SN TRV TH -T2,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

Hi#L : GDFCF Report
X 5.11 No.1, 2, 3, 4, 7TKRWO9IZKIF5BINDEZESWV

(5) FA4 T DB (No. 1-3, No.4-6, No.7-9)

No. 1-3, No.4-6 K UNo.7-9 DT A > ZLiZHOoVWTHEZIT-72 (¥ 5.12) ,

No. 4 & ONNo. 7 IZFE DR O BIZH51T 5 BIN OB (No. 6, 9) & RIFEDRE R
Lo, No 3 IFHIED LY TH D,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE

(

ARRANQEEZRLELEREE=-2Y 2V JXE) (SAP1) EBTTHRES

Hi#L : GDFCF Report
K512 %74 285 BIN OEEESWN

5.5 ARBREMFICLIFTBEOSHEOER

AHETY TOERBRIKEEBL, ~L—X N7 v T2V RBREORRE EEICH
T 584 1y FREOBIMIFEEFESE TdH 2 GDFCF (T & 2 ARFIA DTN UHE S XL T Ol
DWThb,

(1)
L.

it
WSS AR ERIECH L, ~ V=X T v T2 HWie M FE=X
Yo T AT LEEMT 52 LT, HEBRIIZ L S B A OZARMEO B A L,
EMEEE~ORBOIE L L CEHTH 2 LN TTREL 725,
VUL =X b7y T ERHNTE L ORAMER R ZERET H 2 & T, HEBHROEEL
ZFRTWAERBREZE=XY T TED, DNAN—a—F ¢ V7 FEIC Lo TERE
SAVTZ A ORI HEGE - 2l - IEFEIZATRE L 72 D,
DNA WN—a—F ¢ 7 RiEEHWEARBRE=X Y 7 OB LT, BlgGHii
FOMBIERRE DT 2 Z LTk Y BRE ST R REO ST AT EI IR
B7R<ATH ZEMTE D,
EPERHE OREFR LUK D EIA 28T 27 & kR, = A MEI»2D 0D, DNA A
—a—7 4 7 FECLDFHE, airid. HIBRET e =7 MBI ANz
VR—=RRNERD DD,
TATERRBINLGDRED | FRICIE~Y V=X N T v T E2HNWR—2RF 1
FT—HEANFTDHIENEEZ LY, ZEHIICLRAEOCLTZEET L2012 1
EMEVELERL, LL, A7uev=7 NOBFA, FRIOARSNAE=X) T %
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

10.

@)
A.

L RIS T 2 2 ENTERN ST, 7r =7 M A bR BEINLTND
VL= 8T v T ORHREREFRFBAION—AF 4 LTEXBNLD,
BTG & o T HIEABR R O BIfRE MW AERRFE R M T E L W5 2 & T,
HEBHHE OB L2 F/MET 22N TE D, BFEHRAA A E=F ) 7 2B T,
EMBRNERAERER, BB~ DB A HIETE D,

BURFEEBI D ACG, 1 7 % —d ICE, BREEfki# NGO 0 GDFCF NEBEE 2 145 2 &
T, BEMCOIE2 A4 T=2 ) v T OHLWFEERRTH LN TE D,

ICE & ACG, GDFCF &9 R DB, RN T v =7 &l UL Bl %z
MRS BB LR ERT D ENTE,

2013 4210 A2 2014 4 10 HICHIEA T Z » N7 4 — 2 ([ffE 1. bha) S Sz
HLOD, PLI2 IZBTFHVL—RX T v T E AN FE=5 Y T OFRERTIE,
HOEABH I LA O (BRI L 2 5B B & . HIBABH I OIS ENIC L 0 A0 o B i3 5E 28
EZATTCNDZ LITRB I h o,

fEl % OFRMIC L o TRBUT R AR D03, EETEELZZITOTVHRKICH LT, £0
FREOBM T EDOREREN BT T v N7 4 — ABFFEFRER DD, &5 2TV
SHERD D,

#®’E
PLIZIZBIT DA FE=H Y 7 aDial &b 2EMkET 208N H D (345
LA eEZLNDTD) . No. 1 B No. 3D~ L —X hT7 v 7L EHNICE=
L2V T kT D 2 & T, MIBABIRIC X DM S~ DR B AR T RE T
b, ZHUTEY, N = RRGEEHEO T L R WEEA~DOHEF 21T O 2 &
ZbORen b, BhfEHoE=41) 7 (L —X 7 v 7 HHWZDNA N—a—F
A Y7 FE) AFEHBDNL0, FErBERITLMIC o TE TV D,
PSRRI HIBABASE 21T D BT (RU V%) b 80, R—=RA T A 5 —HX & Ak
RPRY RACHRET A LENH D, EIDEE RN, FEHOR—2AT -4 % AT
THZENEE LU,
HZABR R I AR DB Z T2 o DA RIA VERE, BT HMLENRDH D, £
2R, K7y PORBREOMABIEN L, BAERET f L F—2HEES
Do AARAZYBZROLTHRT A IA~BFREE BT 6T I ENTE, A HERE
FONVBEIZ B IR T2 TAERFRE DA 2T H & Th b,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

FOE Moy bFuv=y NI D HBERIE OB AN T
FiEOKS

EIA (21T B ERERA~DEFHE O L D 2SOV T, DNA N—a—F 1 > V7 FiED
AIMEERFTT D720, Sy hFaves hTERLZREBEO DNA N—a—F 1
7o BTt R 2 AV T, PL12 O #UEABHIE (k- 2 IR 72 5B oA 2 3 L 7z,

HIEABE 3 D BB T TIEOREHI H T2 > TE.  THEO SRR O 7= O O FEE O
B (MR, 2002 A5 53 % 4 &, HEES) <°. [Biological Diveristy
frontiers in measurement and assessment| (Oxford University Press, Anne E.

Magurran o, 2013) FEOENIDO LRI REIND FlEESE L L,

6.1 MBEINIRERE

—REAOIT, HIBABHOE CRRER SN ABRBEEIIKE, KRB (FfbkH) CBESEZED
THiA THDN, ARIET 7 B RAERKOT T v b7 4 — LOEFRITFE Y WEBO W 21T
9o PL12 D X 9 ZRENLARIC b ITWRMEREEIZ 1T 2 HIZBAFE T, FrIC RO & 5 225
BPNEESND, K6 LICBREREOMEZ RTLLEHIZ, v V=X T v 7T E2RE LT
RN, HESNDEBORNELHE LT,

#6.1 HEShDZEOHUE

SEIACHIT 5 —RA R BREE B A R LTI b 0,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

6.2 FREBONTFIE

(1) BELSWMFEOBE

ERORESITT, MF - EFEFOARFMEZHR L T LEREIT., Zhx 1A
INET ORI THD, £DTD, HEOHITITEBELET 528, 2 2 T,
ASRIOREMMCH S 1EM G2#EM) OFKBEOT —& % AT OB L x5 &
L7z, ZORBSHX, RBEDINA N—a—F 1 > 7 OFfERETEH L= &8N 72 3l &
5 E T, BSOS HNHEGD, 1 AEORRFR R EAEBCCTEE. AW SRS
DEAD G, HEOARMED H D, B A2 L7z BT, il Sz B o TRt
ATREZRFHIDOWT, S OICEEMICEB OO 21T b D ThHh D, WESTO 7 v —X
Bl6. LITRT LB THD,

1. 272 0EBE (HL~)
- BT — X OFEE - EEER, FEE - EIRE O B O
- BRI - EERE DT
- R OFEEL - EREL O TP
- i iEA L Eh AR O 1ERL

2. #RBHIOT—ZEE (B~
- MR OME RS - FRER. AR TR O RO
- WS - BB - BB OE RS - TR OB
- AL O AERL
-« FAXITRE R T 7 dhi O VERL

!

3. HEGRRTT v N7+ — AEROEEOWEEOKRST (B L)
« BHURDOSERIEICEE T A TRIEOHER N . 2L OB ORER
- WEOWHENED H S HS ORI
< I LRI & WEORRREDO H 5 H O

!

4. WEBBRRE ST v F 7+ — LBROEEOFRBEORE (BL~)
kG LT oM TSN E O 9 B, BEEE 100 LLEOR O
- EHTICOE | HhH LRl ofEEk, BRI OMERE - ko ik
< U2 R o R o R
- FEEE E 2. FEORBORRENEOME

K61 EESWOT7a—
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aARXRBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

(2)  FHElIE BB OFEOBE
AR - MR OB A - L AMSHRERR, &7 7 7507 — 2 BT/ &
NEFIHUTHE Lz, 22T, 9roxtgl Lizoix, DNA N—a—F 1 > 753811
XV BINRBfHGEENTZbDE LT,

ML REERESE LT, v /> ¢« 77— (Shannon—Wiener, LAF TH | W
5) RO 7Y (Simpson, LLF D) LUV 9H) OBEEEEHE A A=,

0 1%, BEOFTOFEDE (Richness) & HREOEIEME (Evenness) & &FEE L7-R
ETHY, 2 COEMNFE CEFRTHLIGEITHRKNERY, KREITE (Base) &2 &
L7 EITid, log,S (S IFHOE) TREND, D OfEIL, FOEET HMRLEKL,
SRMENRREVIZE, NESWEZ L D720, 22 TIEL -DoEE W, B 37
NWEASOEIFERDH O | DIZONWTIEZENIN NS NI ERFHN TS,

H EOD ORHEXIIUTICRT LB TH D,

IS A e Rl OF-VIN(: LD

(7]

Fi iR (rarefaction curve) (2 2OW I, RS (o7 $) LR OBM%
P DAER L7,

TR T o 7 i (Species Rank in abundance— Relative Species Abundance
OBRAR) 1E. x BUINEL (HBEDOZWIE) | vyl HBiE 7 ey b UTER LT

MR, PRSI L (Species density) AW, HALEES T v 7
Bl OFEFAERT N, 2 TIEFESICFEEL (Number of Species) & KilT 5.

E£7o, EAEIE Abundance & bRELSNDHZAELH DS, T T TIEHEEE (Number
of BINs X° Number of Samples) % & FKitd %,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

() FHMEICHI--oTHOEER

— R BO RN EIT I NG, N—ATA T —4% (14F) Z2ETEITEOR R EF
HENTWDEN, SGEIER—RAT A T =2 BRELNTWRNZSH, BRI O 1445
®fG & LT, b2 MM OAEMSARMEEEE (R, B, £ OtoOiEEE) OHER 2 BETT
5L THBONNZERL TS, ZDD, BT 5 K 55 % 05 R L
Th D,

~ L= N7y, RO, FRONIORFAER B EEZRET H72OD N T v T
Tho, EINHETHEHAT 21T, BARICL OB EZ IR TE D L HITRET HLENR
B DHIZDREIEN SV R DS H S0, — I, RAER BEZREL
TWEH, BEREOBIRIEICHRE L, Hak, =AM RES (—FmWnh) %
BEIZAT CHRET2O08FATH D, Ziux, *y MIEZEL TR vy 7RI AT
REIIHLZ W EHZBE L CBET 5720, M7 v 7% PG RIZRHT, i RaR23 KW
HDFNII2 D X OITRET D & & IR T HRERA~OE T2 EELT W eH T
HbH, MMNTY L =X T v T ZRET L5611 BRORARKIC LD L7,
WAL S EUE LA RWE ZAZBRS, E£7o, TEMEIZTWDEI T, Ak, Fi
WD LT, JAFEIC TEDOA YD BLETH D,

ZD=®, EIAMZEBWTDNA N—a—F ¢ FFEEHAEDETHEA L, DNA 24T
FERZ RN DB8E, BRE S D R BEITEARMI NI ORMAER BETH LA, v L
— ATy IRRERESCAOR S ICHEINSCT VAL L TB ZERRLETH
Do

FrICBRIEFHEDBREEA~ DL T 556, BRREHIHE CROF T mENET 5
REMER~ L —X b T » TR AT D AR D D Z & ~ORENR LI L 2 D,

6.3 FMAmAER

ABID DNA N— 3 —F ¢ TR 2 W2, BREE~ O BT A FE L 75 SR
TRt B0 ThHD,

1) BRE~OEESIICHWZDNAN—a—F ¢ v FF—Z DOHEE

YT VENT 136,506 Thd Y | BIN 235 S AL/ fiE 11, 216, EAEIE 123, 377
Thbd, =T7—F T T~10%ThHV ., HEFIZKERENDIZR,

6. 212" T LI, =X NT7 v S TEEIN DN N—a—F ¢ 750 ClRIE
SINTREBEIX 6 EChit#iLizBY, "B, "NTFH, 2UF2UH, FaUH,
T ALEN, K OMEREOE T CELS Lz, 20X RBELHEZ, L ERY
L—X LT TRRGETLRBEOBTHHENLTHY, ~L—X T v 7T ORE
FERLE LT—BNTH D,
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

6.2(1) Mo B BIREER

6.2(2) D BHITEER OHER
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

X 6.2(3) 4o HBIEEEOHE

6.2, BRBER (GRAMER. Mk, 77 B AEBK) ICF L ua T L o B BIFE
B, E RS E R,

BHdaIE, ARG Ko T, AR, BMbE KIbE, Mt #fitele Xy
SND, RESNTEEBBICOWTHBOEER DB RBZLZ LT o IofiR, AKRBUT/AE
BET2EME (WFruevH, hoARBE, AV T7H, ~ENCARE, TIADTSa T A,
FESZRY) BPIOTNTHY . HE EEFHT oMb 5T EEXONDER
(R 22 GO E o7, 7272, N3 2OV T, 1Eh DR & Th Y
FI7H. FETTHEWSTKEMED BBEN L DL o7, AT TR )N E
FREINTEZ EREHET L HDEEZHILD N9 O bR E 1HEE b o ARBITARAIMEN
MW b H RRBEHERE L BbNnD) |

¥, RAMRRARETA-D0O~v L —X T v T, EHTR2VA >/ I H
OEFELEESINTZDIE, BITTEXy b LR sERHES D EEZLND,
HIRCTENMEOSH LB BHEEFHEITH74 N N7 v 7ICh, RAEORIZT T,
HIRPAEDOFERH L OSTIC L VERESIND Z RGN TS, #

B EOM, Ny FBE, WALVE (FHAFE) avFavE (FranviE) | ~NFH (IANTF
%) FavH (RRXAATE) ~TH (T2, 22V H%) THURERRPEENDLN, 2 2T
EERAKMERRTEDDIRENZRB 22072, 0B, HEREIZART 231 BORBEO Y L, 5D
12 HIZKERBROMENEEND B, KERBORMBIZTEERFEED > LT 3% Wb,

2 ORMOrEk Ll - Em R (2016) . JRE) I RIS SR

BOOLH ORAR - #H ZFEZ (2014) C BEPKIEE D SR AT =X L BARICHEW R RS B
58 % 2 5 : 93-109 http://odokon. org/
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

#6.2(1) HRITLDBBEK

N PL12 | PL12 | PL12 | PL12 | PL12 | PL12
%) H% -1 =3 -4 —6 =7 -9
WA HE 4>/ 3H Archaeognatha 4 2 2 3 2 2

I H Thysanura
Vo= =] Ephemeroptera
[NVRNE Odonata 1
V77 H Plecoptera 2
; =7 U e Embioptera 1 1 2 1 1
J) 7T H Phasmatodea B 2 2 2
Ny ZH Orthoptera 31 48 23 26 20 25
<~ N7 7 R¥
H (## k7 /L% | Mantophasmatodea
R4 | H)
ZEhE TaXeFhy
g Zoraptera
%7V H Blattodea 26 26 20 21 17 23
NI AUH Dermaptera 6 6 5 1 1 3
a7 AV H Grylloblattodea
BTV LAVH Psocodea 52 83 41 66 47 47
THIU~H Thysanoptera 9 46 11 16 3 18
H~*%UH Mantodea 7 2
A LTH Hemiptera 134 485 96 146 151 150
a7 UH Isoptera 4 11 1 3 2 4
~E hAH Megaloptera
Z 7 X L H Raphidiidae
g R e 11| 19 8| 12| 17| 10
ayF=2UH Coleoptera 437 | 1200 358 541 501 577
e I H Strepsiptera
2 HE NFH Hymenoptera 263 | 1952 | 232 | 413 | 214 | 527
NTH Diptera 662 | 3763 797 641 431 898
VT LAVE Mecoptera
/I H Siphonaptera
NS TH Trichoptera 38 1 10 3
FavH Lepidoptera 195 | 966 | 265 | 293 | 283 | 236
TOTAL | 1838 | 8657 | 1861 | 2186 | 1700 | 2528

a7 UH, 7V HIE, @EIEHERNER SIS XS S5 DSSIRRAT ORI B O 2 T fERDS FA
LIMT9 %
KOR T TR - BB D AL 5 L a2 R,
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE

BRNOEEZHPDELEBEE=42) X)) (SAPI1) XBETHREES
#6.2(2) HEZ Lo BBIEEE
K4y PL12- | PL12- | PL12- | PL12- | PL12- | PL12-
1 ) 4 6 7 9
WA HE A4/ H Archaeognatha 216 26 7 66 22 67
I H Thysanura
ok =Ry A Ephemeroptera
r AR H Odonata 1
U7 B Plecoptera 3
a7 )ER¥H Embioptera B 9 6 6 1
FTF 7 H Phasmatodea 4 2 2 2
Ny 4 H Orthoptera 87 478 86 59 72 114
v 77 A< H
n (% FFAEH) Mantophasmatodea
’E% RN = =] Zoraptera
%7 VU H Blattodea 172 323 206 184 96 212
NI ATVH Dermaptera 13 16 10 1 2 11
a7y LvH Grylloblattodea
BTV AVH Psocodea 332 1407 378 509 411 524
THIv~<H Thysanoptera 31 215 22 84 3 123
<XV H Mantodea 22 22
T A LTH Hemiptera 1256 | 2801 202 1127 637 1045
vu7lUH Isoptera 13 62 2 35 2 15
~bE hARH Megaloptera
Z 7 XAV HE Raphidiidae
TIAAWFZuvH Neuroptera 19 138 18 37 33 27
ayF2H Coleoptera 1451 | 6520 | 1135 | 3080 | 1659 | 3182
N E A 3= Strepsiptera
775,?% NFB Hymenoptera 1475 | 14788 | 1710 | 1702 | 2898 | 2919
s NTH Diptera 3096 | 37945 | 2729 | 3411 1316 | 4506
U7 AVHE Mecoptera
/X H Siphonaptera
== Trichoptera 54 1 12 4
FavH Lepidoptera 731 7659 616 | 1751 1958 1330
TOTAL | 8901 | 72468 | 7127 | 12055 | 9122 | 14104

xuT7 UH, 7V HIE, @EIEHRER SIS S0 DSIRRAT ORI B O L 2 T ERDS R4 LR

115

SO - RO AL 5 (2R,
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aRZ1)AHE 7\\) Tﬁxfiﬂ?{ts'ﬁ%taQ_D—D(:b\fg\é%{#g‘éﬁﬁi?%:ﬂx

(2) B L L TOHME R
O H L~ v TOoHr (HER] - BRI - BRIOT — & b )

N—=Z2 T A M (Nol,7,9) KOBAFEDKEN RN E b o Hm (No3, 4 & UNaT)
DAEFFEE OHER 2 X 6. 3 12, FEREEBOHER 21X 6.4 17T, N—ATF A1 U HR L
Felgt U CL PL12 AR DONo3 TIXARRNI TR, B LV, Ziud, P U7 RAERE
IERERTHDBAY | BT BHRBIENZER(L L2720, Mt 20k, SR Zifie B
BN Lo LB 2 bD, [FERIC PLI2 ARRRICER B S u7zNod (Z BN E C
VDI, Ty IR EWREICHEIN D NSNS,

W5 2 & OFEE K ORI OHER 2 X 6. 5 1273, Nod3 TIEB AR A fliSk, BRI ER
HENTTD, ZZTIEBALE, 2B, No 4 I2oWnWTIE T vy 7Rlfif IR E SN
ka:kﬁ%%ﬁ#%%f%éo
AL, RS L HICRTOMATERHZL? & RO 2L LI ER A LIV, WS
WD 5 A TAIND 6 A FAINCNT Tk, k., EEE s Moy —27 RnAhbilic,
722U il 4 MUSASK) 1 AERIC RS, ERECE &I (RIHE) 2R3 2 5 itz ol
e (EEEHONT T, BIROREN KL KEWEBDN DA X — FEE
(2013 4F 11 A ) 2 HRFEBFEE L TWD DI LD LT, [FEOREN/NI 2o
7o ZAUE, PLI12 MEERDONo3 Je UNod (TS 5 TRISBI MBI T2 B —2 /b &l
RBHDIK L, T 7 AEBBICH HNT Tk, LHEEHB M L CGaITT 5720, B
%%@%ﬁ#%@bfvé%m&ﬁﬂéhé 728, No.3 TN No.4 (X PL12 kY &
WLEICH DT, MEBOREITZITIZ <, BIZNo. 4 1F~v L —X F T v 7 Aifiln &
ICRE SN TS, MEDRIZIIVIETLEEEZDND,

— B C/NRB R BRBE ORI ELIL, ZNE TOBRBIICN X B BREEN KA (B — Dk
B2 0 BIWZBE, BIBOREE, MEERENRAE L, TR OREZGHEIEMT %)
T 50, —FEICAEMSEEERm BT 2 Ao TR Y HEVIIIGE T
B B AT 2R T DI 53, No. 3,4, T BHIHNZFERNZ VW DIXZ D XL
IMEBEZITTCNDHIELBE LD,

WaxHYATIE, 12 H~4 AR§EZE, 5 A~11 ADRRTBICEE T D, 2 AX VI RZORREFE~OL
Tnyfﬁ\EEﬁmﬁémﬁmiékw L,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

6.3 (1) N—RFAUHIEOEEOHL

6.3 (2) BAFEHFHE DM R OBEDOHER
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aARXRBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

GE

6.4 (1) RNR—RTAHMEDOEEEDOHE

X 6.4 (2) BARHUAHEDHS DOEEEOHY
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-2YVIXE) (SAPI1) EBRTHREE

% O B 36 L3I 0D i 5
X 6.5(1) #HRBIOFEEBEOHELE (No, 3 k<)

S 0T 13 B 9 ML Ao 3T 0 ML A
X 6.5(2) HEBIOEEEOHERE (No,3 <)

Fo, AT EO B (S) OHEAEKG6.6(1)I2, BRMEAE (N) OHBE %X
6.6 (2 WZHEE LTz, 7235, o= ofthh FEE(S) & B W IXEAEE (N)) 1341 2 7273,
B R 2 Fids . B 23 W3R S 7= No3 OFEdlIX = DR Y TIiL7ZR\uy,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

AR TIE, EEALOHRTHNTHRZRLZ VMR TH 72, Nob, No7 T2
FavAMMEE L, REHERITIEE A SOMR T HOBEAIML TN D
D NoTIZZED LD IREANH HRNZ LIFER TSR TH D,
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ARXBUNH D7 THATHERRFELI 2 —O—2IThh 2 EHERIIEAE
(ERBR~NDEEZHRDE LEREE=-42) VIXEE) (SAPI1) EBRTHREE

wE wE wE

BMGEE (PL12 L9 150m)  (No.1, No6, No9)

PL12 #f#% (No3. 4)

W

PL12 YEZEERVY (No7)
X6.6(1) #HQZEOFEEDOHERS (FHMAF ORI LD - IR LB & For)
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ARXBUNH D7 THATHERRFELI 2 —O—2IThh 2 EHERIIEAE
(ERBR~NDEEZHRDE LEREE=-42) VIXEE) (SAPI1) EBRTHREE

mE GES mE

FEMREEES (PL12 LV 150m)

[FRES / 1

PL12 FRi

PL12 fEEEIER
6.6(1) HRZ & DOEBEDOHER FRIEFOEEELDZLH > TR JLB 2 2R)
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

OEEy/E 2= Je =t

) U TR T Y CDOERRERRR A AW, /R0 7T T 2 LURITR
T TNHDOT T 7B G, No, 7 CIEFHEMME 2T 2 MR DI T 237
BND, YTV DT T T7IZET S 22 B OEEOIKTIX, Lepidoptera (= 7 H)
O Tineidae B (B m X3 ) 2O—FEHREINCL 56D TH D, F2, No. 3220
THH ORESCHRIETERA DN D, BTN 2 6 RS B 232 1 Te ]
RELEZ LD,

6.7 AMESHEHEELOHEE Cr /v v F—W0 ) )

6.7 EMESEREREOHE (7YY (1-D))

B eoXafE NOTO—FE, ShRIIAEES R TEY Tl  EEDE., X o, #ESE. HAKHE,
PRI EBRDFEDPL,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

@ wTE LA (rarefaction curve)

LT — 8 RO ME DT — 4 % AV THER L= ALl L FIRT L 380 Th 5,
AR E No. 3 TIEZEIFINTES HE A A BN L3, ZTOMOHSETIX, Vo 7 EoEm
WX, BIEROT—LORBITE SN TN EEZXBND,

X 6.8 i LiigR (rarefaction curve)
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aARXRBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

@OAESFEZE T o 7 ihi# (Relative-Species - Rank Abundance)

P S JAUE, XEHTEERE DLW 06 DAL, ftfhicZnEnofiEs (22T
13%) & L7277 7 2B L, FXIEEE T v 7 iR ElkT 22 Lk, 20777
DGR G, BEH & ORREZIET 2 2L TE L3 TnD,

KIECZEY 7T 7R ERR LR R, TR GO, Zbi, log(N)=alog(n)+C Tift
PENDBRICHD L 2R LTS, 2 2 TNIIEEE, n 3B, a KT CITERK
THY, aldzA T ADMEL D,

6.9 FAXNEEES .7 i (Relative-Species - Rank Abundance)

# TROSEMELB O T2 D OFFRORMER ) CEMRT, 2002 45 53 & 4 5, OHkED)
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
ABRRANQEEZRLELEREE=-2Y 2V JXE) (SAP1) EBTTHRES

®  H L NLOSHTRERIC OV T OB

LS OHT ORER. T 7 & ATEREM ONoT M, i 4 MR 1 ARG ICREE, E
e L B (1) MR ST, BHEORRE/NS NI Lol

[ 6.10 (2779 & 51 Singleton BINOEIZIEH LTH, No. 7 LSO L CIEAEANE]
# (EH) Lol No. 7 TREHFEVEE L TWaRnL S IC/AZIT o, 2k,
Z ZT/RT Singleton BIN DL, & TOH - B2ELbDOTH D,

H L~V TOMNT OfER, No. 7 OREEL - AR OHER . AEMZRRIERIEIL, BIZ DK
BEZT TOLAREMAZRIR L TR Y | FEMRRE AL ELEZLLOND, T T, K
WEROHLLNZ, ~NTH, FavB, avFaUVH, BALYAD 4 SORIZHOVWTHE
HU. 6. 11~14 {TNo3 Z B < flitthrl & 7z 2 & B OFEER OMEEBOHER 2~ L
7o ZOMDOHFIZHOWTITIAMR BT DN R0 o T,

BB NTHEATF2UHIZONTUL, FHICSEIEREREBOFR - MEET720,
PRFED R RBE B Z D DITHEEL WV,

6.3 KA D Singleton BIN DfE (1 M Di#sE)

BRiR Hh Singleton BIN f#
No.1 1081
R No.6 1201
No.9 1442
, No.3 4315
PL12 #kk
i No.4 1163
PL12 7 7 & AIEH No.7 977

#No. 7 TIX 1 F#£ D 43 @ B U THRIENRA LW
X 6.10 #Him T L ® Singleton BIN fEHR

77 Singleton BIN : A [EIOEESM (0 1 4ERH) 1BV TEREREN 1 Bl
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

X 6.11(1) = HOEEHOHS

X 6.11(2) »=TEOBBEOHSE
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

X 6.12(1) FavBoEGKEOHE

X 6.12(2) F a3 v HOEEOHE
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

X 6.13(1) =vUF=vHOEEKEOHE

X6.13(2) =vF=vHOEEOHTE
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

X 6.14(1) B ALY EHOEEEOHTSE

X 6.14(2) #HALTHOEROWHE
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

@F} L~V TOMRFT DRI G D E

AIEDOK R ZZT T, ~=H, Favi, avFavl, B AL HOME - [EIEEK
DEHZAT oo, ZOES, T - [EARBOHER L2 HZET 212Dl —EREDT 7L
VETHDH I EE2HEE L, No. 7T HAIZEBWT 100 fEELL EXRESNTERZHELZ L LT
B OBEEZITV, BIRLZFHZ W THE A DT —F 245 LK 6. 4 [T L/-,
IR U= BOFEH, HIAEE No. 7 BAKDK) 45% % b7, HRIE L7-B OB 3sE
6.5 R TERBY THD,

#6.4(1) BRLIFHIOEEK

Order Family PL12-7 | PL12-1 | PL12-3 | PL12-4 | P112-6 | PL12-9
Total 1700 1838 8657 1861 2186 2528
Lepidoptera Total 283 195 966 265 293 236
FavH Cosmopterigidae 16 11 50 9 11 11

Depressariidae 44 10 91 30 29 16
Gelechiidae 55 36 141 51 49 38
Tineidae 38 22 86 18 35 25
other 130 116 598 157 169 146
Diptera Total 431 662 3763 797 641 898
/N H Chironomidae 36 53 197 43 53 76
Psychodidae 20 24 105 34 29 22
Sciaridae 49 89 242 55 75 88
Cecidomyiidae 220 308 1509 517 293 365
Other 106 188 1710 148 191 347
Coleoptera Total 501 437 1200 358 541 577
anfay B Chrysomelidae 39 43 119 42 56 58
Cleridae 21 17 27 4 20 31
Curculionidae 74 48 183 57 65 91
Elateridae 23 26 37 13 29 23
Mordellidae 33 38 70 18 52 38
Throscidae 10 11 15 11 16 13
Other 301 254 749 213 303 323
Hemiptera Total 151 134 485 96 146 150
g1 A LT H Cicadellidae 51 31 160 23 41 39
Rhyparochromidae 23 4 29 4 12 10
Other 77 99 296 69 93 101
fotal ~number —of  Selected 752 71| 3061 929 865 944
Familiy
Selected families/Total (%) 44. 2% 41. 9% 35. 4% 49. 9% 39. 6% 37. 3%
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE

(ERER~NDEZZHRLE LEREE=_2U2JXE) (SAPI1) ZEBETHREE
#6.4(2) IR L7-BRIOME KL

PL12-7 | PL12-1 | PL12-3 | PL12-4 | PL12-6 | PL12-9

Total 9, 122 8,901 | 72, 468 7,127 | 12,055 | 14,104

Lepidoptera Total 1, 958 731 7, 659 616 1, 751 1, 330

FavH Cosmopterigidae 450 68 880 19 175 86

Depressariidae 158 19 356 41 64 32

Gelechiidae 358 173 1,171 164 408 607

Tineidae 683 237 2,161 97 557 278

other 309 234 3,091 295 547 327

Diptera Total 1, 316 3,096 | 37,945 2,729 3,411 4, 506

NI H Chironomidae 140 462 2,825 277 675 1, 182

Psychodidae 106 182 1, 382 116 164 88

Sciaridae 479 1,167 | 10,989 612 1, 089 817

Cecidomyiidae 374 787 | 9,588 1,276 915 1, 457

Other 217 498 | 13, 161 448 568 962

Coleoptera Total 1, 659 1, 451 6, 520 1, 135 3, 080 3, 182

ayFay B Chrysomelidae 215 175 | 1,009 170 386 562

Cleridae 114 120 168 13 241 256

Curculionidae 141 93 473 137 177 212

Elateridae 117 157 320 81 115 101

Mordellidae 122 120 422 38 119 166

Throscidae 120 80 274 161 24 359

Other 830 706 3, 854 535 2,018 1, 526

Hemiptera Total 637 1, 256 2,801 202 1,127 1, 045

HA LT H Cicadellidae 253 636 | 1,059 31 771 150

Rhyparochromidae 200 17 643 8 62 27

Other 184 603 1, 099 163 294 868

Total * number —of — Selected | ) ‘oo | 4 4o3| 33720 | 3,241| 5,942 6,380
Familiy

Selected families/Total (%) 44, 2% 50. 5% 46. 5% 45. 5% 49. 3% 45. 2%
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE

(ERER~D

B %88
=

b ELEREE=-2YUFE) (SAPI1) XBRETHREE

#6.5 BRLEBOMWME

H4%

P4

B

Lepidoptera
FavH

Cosmopterigidae

I IR

W TR 1500 A HND, A—A B
ZU T ERPHFEHMXTIE 780 fEE £
Bk, /NI AT, ShbidsE B O
B, X EONETHRE L RE
(Gall) Z1ED,

Depressariidae

b T X =<)L
F AT

T A ERITIET, TRICRKT S,
RO RNTIE, BHRELELZDDTHE
LIRERNHY, ) THLY Y A E
XNH (P HAETDIEINF AR DE
) NI H (AR, AF, FMUEBR
avOER) [ UXTHILVH (U
ZDIENA T T ET FH AR DOER)
e ElE, R AT HELARER

T, BHE A2 P DITIEDN - T 5,

Gelechiidae

F AR

SRR D —HE 28 /RIS 2 B/ N D I7
e atef,

Tineidae

bt o Xa b

NRADTT O —Fh, B BITAE 7o AHE
YCidia < ROREME, ¥ =, 5
. #iAH, AR EERANDHENE
A

Diptera /~— H

Chironomidae

a2 Y aF

KERSY DFRITE A KA T, I, #7e
ElZEAEDH LD DY KIBITHEEA TH
%, T HEOIHR B B DO
EDHL O, KIDOFARDHC LB 7
ST ARAEM R L DR YL 0D
D

Sciaridae

VA=PAE

a N f}

LTI 2400 FENFRER S LTV D D3,
Rit#HfE 2 &0 5 & 5000-10000 FE (2 72
HEBZHNTEY, FHALXRSOHE R
HI I BRI OFEN L < WD Z & A HE
W TWD, K52 5mm FRE D/
DT THY | FY OISR,

FHER E RS LCRIAT 5,

Cecidomyiidae

Aty s

IR TR 4600 FELL 23 FREk S 40T
%o B ATHMNREFEMETH Y, ShlH
NFHORE B EIZFHAELTE
HELTWDZ ERMBNTWND, fliW)
AT oL R (Gall) BT
LHENZ, T RIXE ISR
A

Psychodidae

Fa TR

S EFIAT IR Y HRA72EIT
T, HENTIBE TS 2D, Fa
U LIRS, TR ETRAET
5, %< OO RITIR-OME 7 £
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE

(ERER~D

HEEPDELERRE=S2 ) VIXE)

(SAPI1) ZEBETHREE

H4%

P4

B

DKEETERILT U X A &BEL L T
B,

Coleoptera
ayFaH

Chrysomelidae

INAUFL

I TIEK 40000 FESE1 HALTE Y |
ZLITERDLD EBY | AX Y
BRARD, Z<IHJMEE lem A & /)
B RO AN L FITRADEE TE
<TRESS,

Cleridae

Hwyaghy
B

REITE mm FRE O/ NRIOH B, BB
PHRMHLART, ShBhDOLIIHRICE
LU, FANEOM DR B oY) %
AL, KBRDOZIT, AR, B,
ap OB REHAT D,

Curculionidae

AVNNNZ R

AHFTIER 60000 FEAEBLTWS
Ebnbil, FREOFTHEICKE
RITN—T"Th5b, B mm HE em <
S5WVWO/NOBEBRTHY . i - gk
ETOREMPMEWDIE T, BIE (gall) %
O HFELH D,

Elateridae

TAYF LY
Bt

AT 10000 FER SN D 1~8cm FED
R, Ao FTEMEHEORES WD
N, BHROEAD EICABTI2HENS
W, ShloZ iz EEET, BAE
R, oRERERD,

Throscidae

A7 kR
> R

HROIFEALEOHMIBRIZHHATH 1~
6mm FEEE DO/ O H BEE, FE I O
BMEREEICAER L, F5AK

Mordellidae

TR

RS HIZ MM L CTWd 1. 5~15mm F&
EoRuNe B dfH, D &bt T
1000 fELL ERE 5, BATHETHED
HBICEFELHEN L, EERE RICK
S HBLIDD, IR EARIZE E
SRR FICART A W

Hemiptera
A LT H

Cicadellidae

ER=PAwE

D
D
T IFITEW—RET, EIZM/MMIL
FkoRBE LTS, KBy OFEN
Bomm FREE, Shh pR & BHEY) ORI
EWOAEEE L TWAHED LITLITE
MlHleshd, & ERBRICREEH
HENHY, TANRARAEZMESRTDO 2
Sa=mb—varyrFERELTHWLR
D

Rhyparochromidae

FHIA DY
£

B ALVHBICET DR T, YD
TN\,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

3 B~ L TonrER
O Brr-vcosmtr (HEkE] - B - BHAIHER)

BELZH - BOHERIL 6. 15~ 6. 18 12T B0 THDH, LLTFICHBIOSHTHE
RAaied,
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

[FavH]

No, 7 DF a 7 HOHEREIZIX, A ¥ VU A EL (Cosmopteigidae) x Nk 1 X = A E}
(Tineidae) @ 2 SOFDOE—2 BB BN D, Z4 5D E—2 BEliE No. 3. No, 7. No. 6.
No. 9 & [RIRFHITH 543, No. 1 X°No. 4 TIXORXARHRETH 5,

No, 7 DHEMKIE 1 443 L TIRF LT 5, Z O No. 3 THR® BB, No. 3
T B EE T 2 BM 2R LTV D, No.7DF a v HOKRNL, FAHIH %
F DRSS AP H) D L~V E T LT < Il e < . g LT
Wo, o

[Nt H]

No, 7 DEASL « FEEDOHER 2 75 & | MR &R L T 1LAEZE L TH R0,

BEARE IR b T e, 7 aixF% ) 2 F (Sciaridag) =, ¥~/ 3T
Bl (Cecidomyiidae) D LH-NHSND, </ 3xid, oS TR EROH T b K
Pl H 2% <725 TNDA, No. 7T TIEADZR,

(20 F=2UH]

No. 7 DIEEEDOHES 2 # 5 & a2 AV AT F (Elateridae) KO NF /7 2 FE
(Mordellidae) @t —727 3A 5523, FHAEMRE HITI3EEEITED L TnD, 26
HOE— 7R, AT R TIE R,

No. 7 DFEEUZ SV T, AEMIR OB HERT L, HEHLED O bERKE Lo TN D,

[ AL H]

No. 7 DIEKE DHER 24D &, T H AL EFE (Rhyparochromidae) @ B — 27 A3
LD BFAEHIHZ TR T LTV 5,

FEECHOWTIE, T A ALY ERoOY—27 12z, B YS025 10 3 B FE
F Tk A I a1 F (Cicadellidae) DOHIMNABID,
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

X 6.15(1) < = v B (Lepidoptera) DR EFR DFELL D M= BIHER
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

X 6.15(2) F = v B (Lepidoptera) D& EFR DE KRS D H s BIHER
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

B16.16(1) = H (Diptera) DEEF DL D H A BIHER
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

X 6.16(2) -~ H (Diptera) DREF OE Sk D H S FIHR
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

6.17(1) = F = B (Coleoptera) DIEEFI DREE DML HIHER
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

6.17(2) =7 F =7 B (Coleoptera) DIEEF D%k D o5 B HER
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

6.18(1) I A AL B (Hemiptera) DR EF ORI DM IHER
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aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

6.18(2) I A L B (Hemiptera) D& EFF DM %k D # 5 B HeR
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

@ BN TONREROBLEE (FBEDIHT)

No. T1E7 7 B AERMHITALE L, ¥y U, BEE. BHE ORI, WP E2e%, Bl
DEITITHE S B EZ T WIEFNCAE L T D, £/, A8 Sl 23
T22&T, My TREBIEEENILD A DS bHSICHARTEZNWEE I bR D,
DI, T BRAEROBER THRHA B SN2, Uaik o bE@ELAR 2D,
FfE LT WBRBEIC R > TV EEZBND,

BAFE DRI DN T, it & DM b B F 2 TRat L7 fE R, SRS Z s v
T, FRZF a UHOREDMET L, N HOBEEREEINN A BN &S0 LT,
No. 3 R No. 7 |3BAFE D5 T — RIS AN T a 7 B ORI 2 727
O, FO%, FEECEAREDMEI L7 B 2 50055, No. 7T OHLRIZ DOV IR
272> THAMMR TH B D K D 72 FEECOEAE OB R XA SR T2 s il s )

DEFEORELZITHIT TWDAREERH 5,

WELZTeBEZ OGN0 B, N HZ <~/ TF (Cecidomyiidae) . =V F =
% B % AR (Curculionidae) 1E. $hilASEEE DR OUEORE, TEFE7e LI L.
B (Gall) 21ED L SEMINTHS, FICLY . FEMTOEY (FE) Bbs
BEREIND IO, HEMRFEREN, o, 27 F a2 HOANLTF

(Chrysomelidae) IZFEIZHEEZRTH20, Zb bHMIERFERENEWVWZD, Z0DH
b, e v Rzfz a0 oDt i, 1EOH T, BEROEFERZH-Z L
DEHATEY (XK6.19) | BEOZ(ENBIILLTV, 20O LX) REEE b OB O
MAHHLNTZZ LMD, BRI K 2 ~D5E (M ~DOMBEOZFERE) (2L, Bh
DEERMEDMET L7z ATREME DS RIE S U7,

Tz, TavAZRBO XIS HERREICAEET AREOHED bR S, No7 134
DBIDNELIE LT Z L IC KD BN RR I T,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE

(EERZ~NOEEZDLE LELRBE-FYIXE) (SAPI1) ZXBRETHREE
PL12-9
PL12-7

X6.19 Z<wA_BOAFEERE No7 &No9 D)

~ L =X 8T v S OHESR (Catch Rate) 1L, KGOS M & LM L ZB)T

5o b7y T OHENFELDMEFROER TN EL TWDAEELGETE R, IHI
AFHEIZE L EIORZE - EE G VEOROERTHDH 2 L, EHEDEOH AT 1
BT CTholoZ b, FORBREENTA TND LTV, 27, 5%k
BRI R BIR ATV, BFELES 2O X O REMA LN 0B L TS T ENREE L
|

2016 4F 1 H 19 HIZ31F 5 PLT JE R CHYEEDEFE)
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE

ARRANQEEZRLELEREE=-2Y 2V JXE) (SAP1) EBTTHRES

# 7 2= HE\EIA BAEICBIT AREROKRS

7.1 FRERROEM

AFET, EMSEEREEZEORSLE LULEST WL aAZ Y 2B\ T, Er
NREREDOY T ¢ 7 ) 7 JEDENHIE R & 70 D 2 & 3B WHIEABE RS 2 HEdE L T
<Tesh, HIEABAFEIC K0 ARERIT 3 2 B A i/ NRIZ & B 72T EIA OfREFiEL
KET HAREMZRE LD THD, TNE TOREMEOREI L LT, AJHAE CHER
LTeNEZLLTITRT,

F2E: BRBRERX—RXT A

axZ YL, FOMAOHREENOGHR O EMEHEMER Y FAKRY b &L
THERELE LTEST LTV,

A7mayxy b U7 (PL12) (. ACC PRa&ERCHK (¢ 2 =1 B SR8 k) 7> HK) 50m

DEFFTIALE LTV 5D,

ACG FRFE X T LIRS IR NIC BV T AR e R B (MEVEAERESR . L MNERER
AR ERER . EFNEAERR) PMEEL, B0RAEMSHRIELE L IR TH D,

BIFE : aXZ Y KUFESME D EIA il B

a2 %Y 7 ROGESMNENZ I T, HIZABHFE S 3126 LTI EIA O35S CTRB

DFbNTND, 7272, aAZ Y ATE, KELKDP=2—Y—F 0 RTHEL T

W5 K9 7 AR S U A K2 0 IATe 72 9 O _EATERBEIC 81T B BRI BREE T B X A

N (SEA) IZFFE L 72V,

ALY HIZiE, EIA OFREFFESSHIEZ RO D A a—r ZJEREIZB W TIE, A

T RNHE—OERZRD DHH LRV, MEICIIFEL TV D,

ARESR O R ORI Ui, | AR, WHELIA. BE. WiASE K OVE HEE % %f

S L LT, BERECERT_NEABMA~OREL M (BArME, P

REME. HFBRME) L LTCWD 2 ERRITTH Y, EMHAEMSEED (L2 E
BAIZFEG S 2 FIES BB R O EIA TRA SN TWD 7 — R IR STV,

BAE  DNAN—a—F 4 VI FEICL DAEERFAE
B APFEICBOTRIAT S DNA R—a—F ¢ V7 FiEX, EVREOREDBERLICE

HLT, EERINEZSNT D & TAEYREZFFET 2 FETH L, RFIELZFIH
THAERRPFEILEIA FEE L CEELRER OB CTH D,

HF AR HHEGTIE, SLUEL T v 7T MBI D AREREETM O A vy
FRAIZBNT, v L—X Ty 7 TRELTY 7O DNA &2 3245 2 &
THEIBRO R AT L TWDEFRH 72,
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE

ARRANQEEZRLELEREE=-2Y 2V JXE) (SAP1) EBTTHRES

WEE: My hFuYxy MTEIT 5 DNA 58 & OV A=

BHEZ AW DN AN—a—F 4 T ORMEFIEONREZRFTT 57D, PL12 fF~
UTEBICRE LI L —X N7 vy 7 CRESNTZRERZ 7 & LT, DNA %y
M2 92k L 7=,

DNA Zp#T DX G & L=t v 7 uid, PLI2 JAAD 75 KT » 71BN\ T, LEBAE
%2013 4E 11 H A (W &) 76, PLI2 ITBIT 2 THEMIUFTK T L2 2014
F1L AR ETORN L FERICERE SN T E LT, THOD T v 7 TREEIC
AU & A7z 52 453 D > 7L % DNA 2 L7z,

EHUR TERE SNV U TV OEEREIE. 144, 994 A THY . D5 H DNA D
— 7 T A (BEEEAN E Fite Z ) IR LT o 7LE 134, 828 fER T - 7=,
134, 828 fH{IK D 5 & BIN 03¢ G- S 7=t DX 131, 184 IR TH - 7=,

UET U 7 OFMREOR BFOAREITK B L TV D HEAZIZ L D DNA SHfE R OE
BICL DL, R L DEENREELRE, FRBMX LY 150m BRARNEBIZNALE
LTV =Y 7 CRAMEMEINEE O EEZZ T2 2 L 27T L9 REEITR O
o T,

L, BREEIFHEIHN | F2BLTREVWI Enn, FEHNESZ 5D TN
—ATA U EMERT DO EBBMT2HE00OT — X 20k 5 2 &R
N,

BOE: M vy NFrT=r MIIIT D HIEBE SR O REFT MO FIE DR

EIA ITH61T 2 AERER A~ DBl ONEEE D) LIZHOWT, DNAN—a—F ¢ 7 F
EORNDEERTT D720, M ey h7av=y hTHEM LR BRED DNA /N—
a—F 4 T HHER A VT PL12 O MIBAB R 69 B ARG 2 SR T A& i
L7,

EBEDNA N—a—F 4 7 OfREREZIEH LIERBI0FTh L 2 b Koz, B
DB BIED . 1M OB I E RO, EMSZERMERIE O S |
HEOFEEO S HHS, B A Lz BT, i Sz B o b TR TRE e R
[ZDWT, X DOIZFEMICR DS 21T 712,

SHTORER, M C A, BESOHBEOEITICN O BEEZITTWT 7 & X EK R
D No. TIZBWT, fEMEREENE W AN B X~ 3T F (Cecidomyiidae) (T, fthod
N7 v THBND KD RHIMEFOEEEOBEE R INN I LR 2 L R
I,

103



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

7.2 FRERRICE S BE

FRECEHELZEY . AFETIE., EIAREOUEICET 2 MmEOBR LY, v 1L —X
RN ZICEVBRELZRBEEEZ DNAN—a—F ¢ V7 FIEICTHONT L, BIROBRERE
MEBEMICEND AR LT, TOMREK, 1EL WS RENZRBIM TIEH o727, DNA
N—a—F 4 U7 FECRY RRBEOMEMER (FEELMEEE) OBl W TERT
—ZBMFHA, PL12 1T K 2 5%E03 ACG PRAEXEIZIEZEIEE L TV W RBEMEA RIZ S Tz,
7272 L, BARORE L ORRBEREHET HBRICIE. FHETE OXBIRLETHY |
AFHE TIINZTE « MBI - BN A LR, RN Z#N A U5 st H 57
O, BREOHEH, HEEEOREMICOWTAB BIERT HLERH D, AFEO EIAFH
BA~OWHEHA TR Z MR T D720, LT OBLEIC L 0 BV ETA FAEOUEICE L TRET L
Pt 2 S N B

7.2.1  FRAMERBORFKME
EAEIIAEMOPTHEEENIEFICEHEWVEYEE LTaoTRY ., Zo/Ex
2,000 TREZ A, BEMOREYRED 900, Lo b b L EbnTng, BRoPTh,
ZDH7e L H 0% ERRIAMETH D, Mo T, AFAETIE, RAER REHFHESRO
L LUHE T XL X — DO BRI PE D AR ~DE L% EBANCEHE T2 2 & 28 &5 %,
NAmy MREZFEM L, ZOMER, BEOZBMICBIKEEXONLBRE2E%< D
TN ZEMER S v, RAMER 2 W BRERBOSITRRETH D Z L AR ST,
Mo T, HIEABHIEIC X D ERBERE A MRS 2 LT, REMERBIIREELZALTND LEE
bbb,

7.2.2  DNAN—z—F 1 T FEE AV EIA REFIEORS

DNA N—a—F ¢ U 7 FEIR, AMFEOREDBEFIZEH L CTREERSZ 05 2
ETHAYREERET D TIETHY, BB T LUV CERICHEZ RIET 5 2 & AR Tk
Thd, ZOFEEZHNLZ LT, BROWIENEA TWH WY T OREBFHEICE N TS
EHANTELFIETHLD, WESTHAT 27— 2 OEOEIS VI BLE LD,
HEHWICHD R FIETH D,

—J7. DNA Z3#TiC K 0 M EERC S & FLIC A FRIZ 6 LT BIN &0 95 1D 310 4 TH 5 A5,
ZOBINOIFRTHAE THIETE 2HOBIIE LR LA TS, SHIOFHETRE SN
TZEHBD 9 B DNAN—=— ROorofE s, BERIZ, B, R BAOE L~Liziun
THFAETHIITE BOLD 7—ZIZRE L, BEFOHRERS T —2 L a8 L) o
NOBITERT.1DOLBY THDH, 411,385 HKD 5 LR L~V THRE TE 72 b DK
D 99.93%ZH7=5 11,377 THo=, FEL L TIERIKRD 4%I2d 7= D 459 FETH -
7oo 2D 459 FEEIL, BOLD OF — X R— R IZBEICBER SN TWH BIND 9 B, FEL~LT
FAHAETHH L TCWAEDOHTHD, 22T, FETERpoFEE VD DI, ZFOFEIZ
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
ARRNDHEEZPLELERREZZ2VIXIE) (SAP1) EHBETHREE

KT DL DENINE TEATEL T, FAREREZLN TV RNE Y R TH
%,
éf\mmﬂ—2~?4Vﬁ%%&?ﬁﬂ%MD@?—gN—XﬁE’**éﬂ\mE@
YA

SYHE - WFZEDNETe Z & TRAMTIT ONDFNEL b tEZ NS, ZDi=8, DNA 43

Mra i 27200 T, HICZ DDA RLRRICHEHT WA GO 2 ENTE, ¥
BEl D722 DB SR DD IFEN D 5,

£ 7.1 HlOREE KR OFEA DRFERD

g ke B I/J\:ilxd) R L~ D BLLD LD
KiE B E B E B E
Diptera 4,601 4,601 362 330 73
Hymenoptera 2,443 2,439 1,013 544 134
Coleoptera 1,936 1,936 622 142 57
Lepidoptera 1,290 1,290 596 498 137
Hemiptera 656 654 66 64 32
Psocodea 128 128 10 15 5
Orthoptera 80 79 6 6 2
Thysanoptera 72 71 11 10 3
Blattodea 48 48 3 2 2
Trichoptera 48 48 17 17 11
Neuroptera 36 36
Isoptera 13 13 4 8 2
Dermaptera 10 10
Mantodea 7 7
Phasmatodea 7 7 1
Archaeognatha 5 5
Embioptera 2 2
Plecoptera 2 2 1 1
Odonata 1 1 1 1
BRI 11385 11377 2720 1644 459
99. 93% 23. 89% 14. 44% 4. 03%

A RIOFAETIL Singleton BINAZ S HELL TWH A, ZHuE, ~L—X 7 v 7 TO
BEIZRD b OTIE AR, REOFENE L EMSHNED &R Ffmmﬂw:~74/

TN L DREZITZAIE, 2O L) RfERIT—BOICEEINLI O TH D, @H, W
YINESSBRETDH I ETHRREICB T 22 TCOARRBRBEIIRAIHEI NS LD
Th D, KA T, No. 3 DEREDNRDPIEFITES L OEPRESNTZZ LD, R

BRO T — A PEFNGE DS HM R A DIz, LehoT, REOMEL 1~2 4
e b LT, BRI b0 EEx N5,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

B, BATOARMEPHAL TWHREBITEREAET L ETEELWVWAR, 20Xk 57%
CLIINEE T, BRI, AR ETA GRAR R b AR S T Rvy, ETAFHA L LT
IX, FERLGRT - B OB ORI L B T L <, BT L AERRS
FE (100%) OFHRIZMLETILZ2 N,

7.2.3 BEFE BEHEEZSORH
(1) BHREOBEFE

RBEAREL LS L7256, RENRLET2RBOMEE BN T Dh,
KMOTF a VRO, KERBRRON, 70&) | BET—FOHHER GREOZEAL
\CXDEBEEDDDD, SO EIT O O, FEEBOHB LRS00, a1
72 aryDIEWIATI D, 12 E) TR THIERRERD,

HARDEIAIZI 1T 5 B BEHA T, BEOREN LS L TRl AHEEO R RO
R Z2 A& LT, F4REE (B - Y1H - BLE - 7 F) OBIMHEZIT O 25, 8
R PR FE B BRI & 2 A ISR L T TN a2, ST, ARH
REMED & D TN OREDOMERZET Z L0820k 5 FHIZRA RS, A, el
ENRREINDS, BHROEIANTELKFIHINDDIE, EERIUE (A —E 7k ©
—T 4T AR LERE) XA MNNT T FA NNy T (=T U R
v 7 AW ThDH, HARDEINTITAEREHRMEE~OFELEOBRE S H 1 | ki
DOHERBRIZ T v 7SN Z LIt A LR, F Ty 7E2HWIEHAICH, M
BRERID R E2TV, BRAHEINLRVWE I T 25HEICR6N D,

—JF. KA TIE, —BAZREIAE CTIEER I TWRWDNAN—a—F ¢ > 7 Rk
AL, BHRAHORRR (L OEERE) ORI OWTERT — X 2[00,
VB BREE, "RERRY BRI, REICBRET L7200V 7Y » FFIEIZON
T %,

(2) BEFEOLERE

BEIND RBOBEAEBCHEIIFTIEICL > TRES B RS, DMWS—a—F 17
FEEHWVERAHELZER L0707 T, LF6ODORR S HET
BHRARR LB LTV,

K ITE OB 2 3R7. 21 HEP LT,

>  TEEWERETCERE (Berlese Funnel)

Bz X, WMHAEET A I R U IFHEMER LIV OTHIIL, £ < OEEBRRIAT 2 HE 0RO
BEAE, KUEHRIZET D M RE, SENVEREEZHER LTV O THIUIHE NS EFEO BIERE.
VI TILVEEMRRE LD THIUTIINBEA~DOE Y F 74—/ T v TORE, Lol kHiz,
RIIT L 0 R - AR IENR R D,

¥Expeding Impact Assessments with DNA Barcoding: A pilot study at New Gold s New Afron Site
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE

(ERR~NOEEZRDLELERREE=42Y) VIXE)

(SAPI1) ZEBETHREE

> A=V HAEDOLEEZES D LI EIR S TERET S L
> By hER— Ty Mfcay TRl RO CERLIEERARET S HE
> U RT T LRD 92k & PRS2 AN TERET 5 1L
> AU E— NIy T BT T ARAEEH L, EFHEL KT LR RA2E
£9 25 5k
> W L—X LT 7 T MNIOHEEEY, *v MEBICEELT-EREARET D
Ik
#£17.2 BEREFHEOPE
B HFRETE ESASIE I B
- HEE AR S E +3EAY) BREL L 72 KR 0 11 B &
(YT L) HEUT OB TR I D Z &
Wk LER o/ NEY A EE
THIZIBWE L L CHET D
i,
W HEAME RIS E LT
B, & EERIED
BREETVETIT A,
A 4 — T B A fBxry hERD, ELAD

FoEmEE2 I X )1
LTHFWnEBZ T, AR
BESICEIE LTV B R U
LR EZDHE, MRED
Ji < FEH D% < O R B E B
LT, BRADOAREIZS
W & D TR E D B E1 R DS 4
B F 7o, FHAEPH A A P
WO E1EE< DA%
WAL

By hAR—ILET v

TURIIATOM L
b B (e
E.H)

e UL izan b
Lo, 79 AFyvrayS
LAWY —BRRREE LT
AT N Lz ke LR
WS 2 BT 5 ik, ek
B HED 5 HYEME R R o A
AN

R NT T E
UK Z v 71E)

TICB B & L TR
iz 2R 4 % BB

H IZ B D T2 T2 DR AR 12K
ZoR 0 PEmE o R R R
ONTELRET D HIE,
b ERBEO S B EICHEKR
P 2R D BTV D
R ABRES D HIE
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aARAYHE FTFHARTHBEREI I —O—VIChD I ESERRIERE

AERRANDEEZHPDELEREE=2Y V%R

(SAPI1) ZEBETHREE

EHRAEFIE T G B R A
AE—=8T T T TRAIMEER B, RISV | B LR B O O BRI &
HEH, TRAT S % /N B 7% il R B

SHTERET DTk,

L =X KT AR R, Fric =B | BEEEREO S HRAER R
BAH) . ~TFHE (B | FEHEg e L, 3y M
=) LR BREE B O TR
£9 5Tk,

oo vZ7 71T 1 B2 EIZ
BT DM ERH D, e
VIR EM b TRETE
%, BEUBEE G 1 [FIFREO
=S Th D,

KM (AR L) 12

ARTLRAERREIL, A 24—k Ty IO L —X

k7 > 7 CHEREREE,

OB FEOTEY s NTiE, BDRO6OD HFETEE L2 TORH:3, 980fED H
H, v L—X T v T TIEREDB%IZHT-51, TSIENFETE, 6ODOFIET, Kb
ZVHERETEX T LR RTV S,

RRRO L 12, Zhh 6 DOREF LT, T ENERERE, RETRERME, SRR
B Vo T BRESME N RS (MT.1281) , ~L—X T v 7 TRES R B
X, I B REECOMEAEN 2 WIRAIME R BEZRE LR L LT, D 43% 7250
ThY ., FEMFEORBIHD 3% N~ L —X T v T THRES =D TRy, <L
— A N7y TEHRETET, O N7 v P TREINSRBENGFET 2 AICHER
DILETH D,

2L, Zo7ual=l FOFRENS ., ARHED L 512, wREGERNOZL < O
HEBHEIRET IV ERNH LGS, My P CHRHALE~v LV —X T v A I#*
URBEHETHLZ EpmmEhd (7.2.1) .
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ARZYHE TT7HHATHBRFELY 2 —O—2IChDSERHKRRIIERE
HEZANOEEFDOELEBEE-—4YLIXE) (SAPI1) (BRTHES

R B R A B
TR B R 4E 4 A ELEFATS

BRELRE

KE R REFE B

e an
\ // c—|
— \\\\ \\\\\_////
TIEAYE R R ERFLERE

OV =X T w7+ A =87 s b7 v T RHPH, i
OYNT Ly By "=V T v« XU T T RE@MH, O 4 —EB v 7 x5
X7.1 BHREAREEBEEFIE (FREHFEDORERS)

Y L= 8Ty A, KO BRERESICAER T2 BisE, KPICAERET 2 B0
DOEBUZIXMNRNA, DNAR—a—F ¢ TR B2 L - REORREY 7L
B NI IE T E 2 mML OBRE T L D

~L—X LTy S TRETE HMMMER BBEICIT, RERES (LA RD EonEEL D
Eﬁ%ﬁé®mw@%aihéoKﬁﬁ@%%%@%%%%Ttk%z%hkﬂ@o%\
VU LTRO—ER, Z v TR, S RAFRE DR DIEEL, B (D) R EITFAL,
B (B 9 2\ (Gall) ZIEDMEMEFEOEWIAV—TTh D, F-, FAFICEEE
ZTEBEZ N2 FavHONLAVRHIEZR L, 260 bW ER &V, F
HRORBEEZ T EZEZAONTRHET a UNZRO LS IR - T REARET 5/ b &
FA, HBRIC X DB L R I, Fo, BKER OB L Bbi o KAERBEHOR
bR ST,

ZO XD RFFEORRIKGFET 2RR BN B L ST 72 2 L PR S IE, B%

DEBAEBDZENAREL EZX DND, ZOHICiE, FEERCHEOFE - Bz, 4
WMZRRIER O 7= DOFERE (i - (EEE. ZOMOFERE) AW CHEEL T Z &I
2%,

TR TR ELEDORRIL, ~ L —X N7 v 7 ORME () - RIOFRAE R BFE % £ 7%t
LLLTWD - HOHFT WA & OME DL TEREDNENR LT D) IOV TEET L L
BROOND, Flo, HEOSHT OO OFERMEORE TIELBRETTHZ L RO LI
HEEbiT, WEOSHOBIZIL, HSHOBEMAREIINETH L Z LITHET D,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

(3)  DNAGHHBRDOY v FAEERD Leia DT —% Dk

DNA AT ROV > TN EW S LIZGE DT — % OBALZGEET 572912, No. 1, 6
LDV T NOT—F ekt L, I ICERENZY T Y TR RO )
O, DNA p#ricE o o 2O, @2 HEIC—E, @HIC—E, &%, fi
(¥ 7.2) ROMEMEE (K 7.3) 220 THR LT,

MM bHislis L0, 2 MIC—EOHEE ChEX, hmlHoT —& LRk
Wz RT3, H—EOBEDT —% Tk, WEMGBERL (6 AEH) ORISR
eI e e D70 & FEEAOMEEBOE IR TERWEARH o7z,

Hi# : GDFCF Report

7.2 VI EERDSEHEEOBEOEA

110



aAXEZ)N JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

ity Shaatubie i dalad SRt ittt

Hi# : GDFCF Report

7.3 YU INEEZRBD ERTEESOEEEOE
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

7.2.4  FENT - FHMETIEDORESLIZ OV T ORRES
AW OFEIZ LV BREZFHET 5 5B, RES ST TUT OO H 5,
> FEEEREICHE B UL
> BEEAERETF A RN 2RI T

BUE, EINCRUT 2 AEREROFETFEZ, BN MIETERRR~ORBZHETE D
A FIEONLIINETH 570, A THR SNCREDEICER L TARR~OR
BrpirT o FiETiTbh s (EERICER LFBFE) . FFEOfEE LT, T
FL7R EIZoWT, ARERNTOHRFENZE SO GREL, & - FHiT 2 2 &3 T
b%, Flo, MPEOEHEICH D RERORET S DML ERHER S TO L HA1E,
I bEHERICEEN D,

> CERERE T Xy RO _BALICALE LA RERIC KT 2 800 R R
MREW AR (ARDT A A7 L OWASER T AR C RS )

> WURIMEDRE : xR RER O TIRE MRS 2 AT A M (BB %
RET DI TSR Y)

> PR BB S AR L AR © (RHUC AR B R 2OV, TR
PED = E VR, BHAMEEY 7 &)

> L HEPR O FERE T L7 FE, EIBSA 7 A B/E B RIIC R L CILTUCNA,
FEORBICE L TIZNZROEOESETHRES NS, LD LEORES
FeRPEDRENFRE SN D Z L0,

L2aL, R (ecosystem) |EZFELERZ W) CHERL S LT AWEEEE (. HE4,
e L) L. ZhOOAR - ABRETHLIWHMNERE (KR, K, #EZRE) 0
EWIIBREE) DEMERBR TR Lo CWD XA F 2 v 7 THMER R TH D, FEEDOH
WCORER LTl RIE T, BIRS KIETERR~OREEEHEICFEMT 2 2 L ICR
RBBHY, 7TEAAY MIBITHAHEE SN TWD, ZNERAETHT-DICHRET ST
WDDN, EWFHEDOREIE Z T3 55 FIE CTh 5 (BEALRT M+ 5 FHEF
¥ . ZhiE, BIEFEHA SN TODREORICER T2 Tk L3 20 | RO
AR, RN ORI L BRI L2 BB R EET — 20D, FEMESCHS
HtEZ S E S ERBREML > GHET 2 FETH D, AMAETIE, DNAN—a—F ¢ o~
JFREEFEAL, BT LUV TERORO IEM R E 2 R B ITH 2 LT E
BN A EM T 5 Z EBNTEEL R TR R AL MBI S AEMBEEORE L AT
BRI UMl ZAT O Z &N TE D AEEMEA TR ST, RS, I AX VIO L HICH
BHRL < FENSHERETIE, AFEOMMAIZLY . FEBOGITBHBHES IITX
52 LR ST,

112



aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

K132, DMAN—a—F 4 VI FETHOND T — ¥ TEIEAEE LB 2 Db i TE
KOAY kT Ay BB LT-, 7ok, DNASN—a—F ¢ U 73T OfERITE KT
B 7GR FIENAIRECH 0 . IEHFEITMA GO CTRIHAT 2 Z N TE 2, B, &
FE CIHRITHNCVED O T —Z 200 L720s, ket L CRFEZ1T 2 54, S E
TEX RO TZREEBNCDOHEBHER D FIEIZHOWT S, 2FEBIZIIMFTT 20 ERNH D, F
7o, TORBRTCEMNLHEORA L "R EEHBETHI LM BETHD, £lo, 5%D
PTG 7 1EORESLIZ AT T, HeREICHEIT . B To 7 r—) (X6.1) OFIEEEZS
D—oODHE LN b, SR ZEE X TEMFIZ L 20 FIEO T2 2 REHBALE &
2%,

7.2.5  PEROAEMEHE L YEILFERFEE & O LLBHREE
(1)  fEROEWITE L DNA N—a—F ¢ v T FIED g

K13 AT Lo, @BHFIE, KRR EAEWHO AR 2 KT 5
B2 Y TN R SN DM, DNANR—a—F ¢ ZFiETIES < O~
OFEFIER B A ERANCY > 7V 7T 5 2 & CEBMICIRWVEIRORED AL 4B
2L EN/BEND, TNENDOFIEZAY v b« T AUy bBRFEL, —&M7RH
BT, REMRERFLSLT WA Y v MRS HKE, AL U IO LD ITAEREN
ADNKREHROT ) 7 TIIEEROREARBERETCH L E Vo720 T XY v "B D,
—Ji. DNA N—a—F ¢ 7 FiEEZ AW FIE T, airssIicng 5 2 & CRE
WS CIEMETH DK, Hx OFEOEEMEOREIIZE I, BEOKE
A E RS T RN LRV, BEOLZATANBEWVEDT A v hR3BH D,

APFETIE, M ey M a7 FORER, (HRICKDEE (KBLomnE) o
PR RE S NI, ROKEOEWHEREZB{LTDITITAS %R 2HFH. 3FH O L
BRI DLERD D,

Fo, BRHOREITEMFZOEEIZELY, BELTLI7V—TIRmY BH L0,
HAZOEMME, Lzl > TiE, HEOINV—T (e ziEavF v %) 1XFH
EMTEFLRY A NBERESNDD, BIOT =18 FRbb e (e 2 idnh= 8
FRETE 20 L) VARORRIZIELDENTLHZ DD, HEFROHESTFICL
ST, FEEVDAREET DAL TE CTE 2V, RRE THRFI LI DNA N—a—F
A I EDPETIE, FIEED VIZHTL, DNA 74 77 VicEM a7 —% & —
FHITIWEREN TE, EMRIZEL DN T72X, I AT,

¥, ARAZVNTAERT L BEEIINEE EOMRL <, —RIBREE XV b AD
FICEDMERIINETH 5, AN - BEN R D T2D BRI TE 2208,
ICE (2 & 5 —fxi7e R A (A% CHERSNZEBEITN 210 @, A S1f vy
FRARIZ KD DNA N—a3—F ¢ oV FETHERR Sz B REIEIE 10, 000 fELL - Th -
77
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ARAYHE FT7FHRATHEREELI Z—O—VIhh S EHERTIERAE
HEERADEELZDNDE LEFBEE-41USXIE) (SAP 1) %BETiHREsS

2 WFEIFEFTEL DNA X—a—F 4 VIR L DRk
KFHETIRELZL I, ST kic, BZE, BRI Lo EZFMIESY &, 77
tzg%%®F7/7M7&kf%ﬁ%m@ﬂﬁkﬁbﬂé%%#%%f%éﬂ%ﬁ%

IRTZENTE (REL, FEHEBOMERICITETEFELE L, 1 FTHET DX
fGRTH D, SHBRIWGERIRMERPINLETH D, ) .
AENT. B U ARER S . MibAKFBBEESEDEIZHOWTHIERT —Z NN, B

REBIITE RSB DD, Eﬁﬁﬁm®ﬁ&%&%@%ﬁﬁféékwﬁﬁfi\%@
EFHHE L VR TS EEX BND,

7.2.6  BRAXZRO LB
(1) DNAN—za—F 4 VI FERINERERM
L =X T v TICEDBRELINANN—a—F ¢ T FIEEMAAR DY TZRETIET
X, BT TFTOERPLE LR D,

~ L —X Ty TRERIOKE . REICED D AMEE

B TV RIS B e N

o TN ORE K Ok E

AR ST o 7 L ODNAGHT B

YV V V V
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ARG YAE TT7FHRATHEREFE LI 2 —O—2IThh 2 EHEEIIERAE

(EERANDEEZHINDELEEREE=Z4)J0%E) (SAP1) EBETHREE
#1.3 —REZEIAICET DFHBEFIERVDNAN—a2—F 1 VI FHETH LN DT — % Z AV HEFE
CAEAT ST DS SRS bt 7 - R 2o Y v ZOMFAY v |
— IR 7R ETAIC 38T B 354 F 1k

KGR 00 ZE TE P b 7 B & 1
TR & S A R B 025 A

i
HETE R & T 5 B O RO 21T B
A B4 57720, ZOfMOFE~DHEN

. RERFEO A R R o e T T

BERIZR A AHE - Z N . - ° .
EEARICISNT D LATKE, PRIEER IO | e o) wip snains o | $HHE & 70 5 RIC JE A % O (AR & B Lo IHRE R ORI I E DT A

FEORIZER
LaFHtid 2

Frgkfh7r SICEH L, SRR s0E L
TXDOME~DORE @ L ERR R
a9~ % 5 ik,

HTH DO, AHlTIER
LRI T H %,
HMHEDT KA 2R
HThHD,

HTT, ZhRMITHA

BEETDHILENTE

50

HEMEOANE BRELD
[FEMER)

FEA - T B ERSER 1T 5 20 Y
RF0

AAREZITDHI ENRNETHD,

T TN WIGE IR E I R
EERANPND,

TN DED RIS DR E
AN

—fic, R LB TRy
70, FAEFHICHERENEL SN0
ERA

DNAR— o —F ¢ 7 2 L 723l R 1%

ERINT — 5 %
1| s Lar
i+ %

Shannon—Wiener 5 2 <° Simpson 2 £k J&
e EREE W CEHET 5,

RN OFEE & [R5 L 2 F B
ERT — 7 & IR ISR L AR I
YA TRELT S

O
& % OFEIZ DWW T DEIRA,
AR R =t & (A N
5 & THT TRl T &
5,

&R T — ¥ %
2 | HAL. =R
AT 5

SRR DT — 5 R MR L, SEMERIC
R 2

Bl Y TN EEOTEBRTRERE D
DTIFRL & 2B~ DRIARZ
T, T=2 %087 %,

Bl IRER RS FIEZ BT 5,

A
HARTIZEDVEWE LR
NETORFELNPTE R
W28 R BRI MR
ZNIEERD LW
B, BERIIIEMFEOT
FANA ZANKETH D,
Fo, S FEOBEIT
VETHD,

B E D R FHE
3 | FHL, B
(< RIS

ERERITIST D LAt SR E 71T
FraktE7e EICE B LT, el o e
L T ORA~OFEBZ TN 5,

A
SR OEREFEN R L
BRI & A9 D M
FIZE DT KA AR
EHThb,

A

FHED T2 DFEE
DEMETRET HME
NHBHM, ~L—X K
7 v ZORMIZ L0 %)

ZS (ARSI

A
VEEE O S (k
v T OFE,
ORI - fRTF)
DNAZH7#¢
RN e =X
V> 7 CII R
ERETT 5 2 LT,
a2 ORI ER S
Z L ATTRE
BRI E=4
U > 7Tl R S
ERHZETaAR
DRI AT BE,

[RlE ARG R OEFEEIL A,
ERTOIRBBECEMI &
BB HAE TR ¢ & 5,
RN R REELE T RETE
b

B EMIR O BREE O LN T X
%

LSO L MRS, &
DD TOT —HIHHD
AREMER D B,

FEO B D2 & OREILE
EENT, BEOKRE REE Rk
TERERD 5,

{2 OFEDOIREFIRIZBETIZ W,
BN EREOMEZFERL TV
DNV IT WD
IHFEROBRFNTITIHEMFE O T R
AAREZITDHZENEE LY,
ED LD B EELZT IO
DN TR 23 03

[ ERE R OFEIEILE .,
EBN T — 2 &K, A8
B9 72 B X B2 AT GE T
b5,

LSO LD FEMR O, %
DO ETOT —ZIHEHD
AREMED B D,

K2 72800 10 TONT A ATRE

BERRFEERMAT D 2 LICX
0. FBIRZREHEIPTRETH D,
SINTRE R DORFHIIIHFMFE DT RN
A APBETH D,

[RERE S OEFIETE .,
BEL2FEICESE YT
T, ZOFEOEALE EEMIC
FEfid A N TE D,
(NI S &)

SBO X FEM S, £
D DIFEHETHOT —FiERD
AREMEN B D,

KGR DAEREF I RN Z LG A
I, FEERAIRET DI ENEEEE
TR BAREMEN B D,
IIHTRERORFHIILHAFE DT KX
A REZTDH LB,

A xR E LT, DNAR—a—F
4 7 &AL CEE L R D EE %
HERT 2 RIS TV S LT
SRR

115




AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

R7.4 VEFHLEH

No. VB 72 B

YL —=AbLT y TREMD | HOHRE, BBBEICHENA S LHITLD
BRET, BREICED L AMEH | TOER, BiE, REEE

22

e

EI DA PN i ¢ o TR B I N, S 7L DRI

2 B R OSSR IR & 5
[T TRORERORER | A7 A, =5 —, REOERI. R

R AP & N e O

10K Rv/H 7

- REOV T NVDOGEIX, T—ARNAL T —X
THERD, "M vy NEEICEIT2EHIL,
60, 000K R/v/ KT w7 #2K Rv/H o7

4 | DNASYHTE:

[F5 vy T o

ROy TREICODLEM E LTIE, S GHRo B RBEICORE L2 MR L B
BRFORK, REREALECTH S, LERAEERE, FEMRICL 5 FARA (1A
BE) | EMREROMEREOREEE (RRE) BEL25, Ty 7 #ERICER
BBEC OV THEE TR T 5 2 LN E LU,

[<#> 7 romiy

A 1y NRETHEM L7 — AT, VERICELIEOMEE T o7 v EIR L T
BY, ZOFEECKLERNEEPVIEL 2D, HEOEIEEIL, BEIZ GO D LK
AL D,

Yo TIVORE Bk ERE LCiE, BT A, =& ) —)v, BIEEOEH
B, REEECHDD AW, MrtEHNNEL D,

DNAZ3HT]

AFETHRHA LI L —X T v 7E2HA LSS, KEORBR (=, ~F5) M
YL =X T I TRESN, ZNOLDOREEE—DOT ORI T LMNERH D, A1y
FFaYxZ FCNAN—a—F 4 U T HEE L TWDAFTH DT NVTRFETIE, AH
VH— NS ERE 10K KL/ TV ERELTWDEN, KEDOH 7 L3 DNA 4y
WraKiET 2581, OO &R 2 EEBITFNNITERICHEE TE W),
PlOFAETORBREIIZ 1 b7 v T TR D KELREERBEEEL T, 77— AN
A —ATHrT v THIIOITEHSEZHEL NS, XM ay hFavz7 bTiE, 2
NETORLZ) 7 TORBRE IS, 1EMDOY > 700 DNA 58 E & LT 60, 000
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIERAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

KRN/ FT T ERES N, AR, &I 6 HE 5 DH T AD55r, RmHiEin
SN LHEOTD, BFFTHED T o 7 TERESINT- 7 L% 58T L. DNA 7347
e HIFe BRI 420, 000 2K KL ToH o7z, F7-. DNA b # & B (RS2 ) - 7o ik iy 72
HMZE AL, 2Kk v/ T nbirot,

FIEORF O KA TOY 7 /VERTBHECHUSEITZ WS, FRICRIIN
AR L CWLSEAICIE, U 7NV ORERESCH A A RS T2 LT BRI
AEEE B2 HND,

F7o. DNAHIEAZIMZ 5 5EE LT, R—=F T NDRr v b3 XODNAHEEE
REMENTZRKREDOY TNV — I d 5 2 ENAHEZR T95 (Next generation
DNA sequencing) DBRFEBHED HILTWD, 7272 L, 2O DFEIZFEMEMETIZARWN
72, AHROFEALOFREMESLIEA LIZHA ODNAR—a—F ¢ v F FiE~OF A
BIZOWTHET 2 48R H 5,

2 — R R R RERE & OB H O R

EIAFRA IC 1T 5 — %A 72 B BUERA IC L B2 B L. BICHE T 2 5 FE 05
HLEHEIIHNHDNMEETH D, RO EIE, EMFICLIVESIHETE S
N, Z ) TROWEAIIEEICHE L OE NP DBERH D,

7.2.7  FAEEREFEAIICIT O 72 O EHEAH]

NA vy FEDOTE - FEROITREROBREIL, BB FEEE (ICE) . 77
FH AT ARA ISR (ACG) KUY EE= U 7 DAERERITHEE L TV A RS ORE A /¢ A
T =7 R E =G U CREE IR ) im0 M T oL Tas 0 . HIZABH I O Rt nlhE
BT EVIBAEDD G, BIEREAHOEHIZBEL TS ZEREEFLNEEZXD
b, —J. ZiIE TIIGDFCFAS B EMIC R REREZ i L C & 7223, BB R ¥R
Td 5 ICEN EH 72 Y5 CR BFHAE 2 Fhi L, ACGK OHFIF D R — b 157228 b e
WDHZENEFE LV, INMN—a2—F ¢ 7 FEE AW R EFREZ T 2855120
GRSV oY WL N il kg S N hab e S

#7.4 EhH
No HER &
1 | ICE HENBHIS L L LC. Bhiid 2 T8I E+ &8 25, E

EENT, LR RS,
= ACGKRONEEFIR LWL, o 7Y v 7EtmofE, 7Y
VT DERMET D,
» BRELTEY TV T OREEIT,
» Y 7 B DNAGAT ESERE B IR T D, T AR A T
X (ABSO Tt X) ZACGK OHHZ L W 1 L CEmT 5,

117



AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

No i 1Ed Pl
= HMR LWL TR R BT 5,
= B Ok
2 | ACG T I AT RO E B & LT, MO AR EOBIR X

D HBABR R HEEA ITHE T D,

3 | HH%E Hi o0 75 e RO AN S L TV B MK L 0 AR T RA
A RERRMET B,
SRR O A RERICHE LR ST A ENEEL
Uy,
s BERENMOBENG, v L—X T v TORBERT. S
T — & O R ORI FE O F M2 et 5 Z L 8 TE 5
MEREET 2 LREETHD,

4 | DNAZSATHE

" B 7Y T DOINAE ST AR,

ICE

DNA
‘ SR
ACG HFYZR

7.4 FEE S D EhEAHIX

1)  HrFVIEHE

Yo TN NN, BT VTR REESIRE T A MNEN DD, T R
(T, ICE 28 ACG R ONREMZE L i L TRET DL ENH D, F7-. DNA o HTHEES 4 Fr
EL, FEMAT Y 2 — N0 EH, BERTRE ZHRT 5, Yo7 v JEERE
BRI UL T OEIC O W T ETALER S 5,

> ARIOFHEM S ORE Z S B L CIRN TR S22 ET D,
TN EENT D NEOfEMR (V2 7L ORIBEEE 1T 1 [FIFREE)

DNA 53 HTH§BE & 0 S Ri o Sy M 8 D 28145

B TV OURE I IE O RERE K OB ST O Rt

YV V VYV

2) B 7Y v T OERR OIS
YT o THEICESE, v =X NI v TORE, VLRI, REEITI.
ZOBIZIZY TV ST AN L I D, T ) T TF—AD A =L, Y
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ARBYHE TT7HHATHBRFELY 2 —O—2IChD S ERHKRRIIERE
HEZANOEEFDOELEBEE-—4YIXE) (SAPI1) X(BRTHES

CTNVOEY N (RE - kA ED) ICREBELEEEZEONERD D, FHCLLTOR
ICHETHOLERD D,
>  ICE OMIEBHR T — A LR LT, AIRERRBVFEREZV 2577y h 74—
LOPLIRRT 7 A ER OERGIH 2R L T~ L—X F T v T ORELFT &1
RERAE
> FL—A Ty T aRETLHEIL, EMFEICEITLTH BV, KRB E L OE
G+ 2 2 EDEFE L,

3) VI NDOEERDNA N—a—F ¢ T

R L7zt o 77V % DNA i MBI @it 9~ 2 PR & 2170, o7&t L <
DNA SHT 24 HEHT %, #nE T A BSICIEZ. ABS D& L Y CONAGEBio IZ R AR A E 5
VBN 5728 ACC K NEFAR O 1 213723 GO H LB RN %,

(4) RBOSH
DNAN—a—F ¢ » T OFERZ B L T, SHEMRFTEIT O, BEBROSGHITFIEIX
ﬁﬁﬁ?ﬁ%iéh(ﬁ6?4%%@%%E@é%gﬁ%ékb\HT®$WE%ﬁ¢
HHMENEGT LLERD D,
> RRHUOARERICKE E Lo B
BRELETHEOBA NS, v V=X NT v T ORELHT. 9T — & Ot L O
MFIED T At Z BRI 5 2 L3 TE HHMF

7.2.8 ABSOBIRIZLBZIEER

ALY Jp Tl 1998 ITHIE ST AW B ERIEE (ESHETT88%) ITBW\W T, BIEF
HIRE AR R VAP E ~DT 7 B ADREICE L THE SN D, FIETIE, BETH
R ERZKLOCECFENE~OT 7 A% EiET 5B AZMINAED FHEMMICH =5
CONAGEBio (ZEWMIZARMEEMZEZRZ) & L. 77tx*%¢6%%@%ﬂ%ﬁifw
FIEICHES & AMOBIET %2 003 HERII%. FATICCONAGEBiolZ HiFh %;%ﬁé
VDD D,

TR AOFFAI TR E 1L, BB TR ERE LK OVELFEA~DT 7 AT % HEHEC
B9 28 (ESEHE31E., 5143 MINAE) CTHUE SN 5D, FFAIci, S, £mEIR
WE&@W%%%@%@%ﬁ%@\K%E?imﬁémwﬁ~n~%4yﬁ%ﬁuﬁ%ﬁ%
WA SN D, FFRAORFEICIE, BERFEORA, BIY, XtRMONE, HHIFTHAHEORE
%%\ﬁ/7w®%ﬁﬁ%\E%%%@®%5®ﬁ%$%%ﬁ?éoik\%ﬁﬁ%TL
TR, AR R A REARD B D,
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aRZ1)AHE 7\\) Tﬁxfiﬂ?{ts'ﬁ%‘baQ_D—‘/(:b\ﬁ\é%{#%ﬁ@i?%:ﬂx

7.3 SBOBERORERE
7.3.1 SHBOBEE

(1) BRIEEREFMmEHE
KER = 2=V — T R CIIHIZBA R MU A28 0 IATe 72D D EAFHEINRE STV D
kk%’\foifai-E*Q@W"Hémﬁ%%@@mw:owf(ﬁﬁwfﬁ
10 A2 H BREABARRERE®E) | 1280, BARAEWNIZET 5 HEBR OHED )73
FEHINTWD
2 A K Y CTIEHBABIR E IR L UIEIADEE N IES TEH ST b Tns, Ll
7R3 5 HIZEABA TS HidEk A1 V A Te 72 O D AL EHE 0O BEREIZ 35\ CHRISHUBREE 7 2 A A 2 ks
(SEA) OHIEITA L THEH T, HARAENOHEBIFE OBED FIZONWTEI I TV,

F/o. aRZ U BT, EINOGFEFHPSLHEL RO DL A a— 0 ZEEIZBNT, &
T— I HRNE —DOERAERD HHIE S e <. HIEBHFE I BB 1 35 1T 5 BREEAC S O b 5
DR & 72> T D,

HEBHFE LT T v F 7 4 — AR, T T A U EEEFT CHBE L TW S RERH Y |
7=, ACGIRFERXIBAIN TIL, AV U7 ol FRRIIIZE HIHIBRHIY 1 M 2ME 2 5
FREMEDN DD Z D BEMEEL W IHIBLENL, BHAR, KER=2—Y—F v FCE
ASITW L FBLOBLE S A-oo, ARED OB G0, RIREA 6 MG
LTS ZEBROBNTND, ZOFE, AR NA vy MRAETIML-FEZHNT
i Tazol e Eﬁﬁ@%%%%@ﬁM% 952 LT ACCIREREDE VT 4 Tex )

TR D BB R AR L D2 HBIC OV TEHMliCTE B AlREMEN H 0 | TR &
hé%%% #4b®@ﬁ®ﬁﬁ%aﬁﬁ4h74/@¢m HENLOFREER D D, X

WCARTFIETZZAZ Y I OHRIR ST, ZOMOESCHUE CTHEHT 25 2 &N Alae 2 ILHK
&ﬁﬁ#fﬁb\l%%_m<%%éﬂéﬁmé%ﬁbfw

2) EIA DAMREFEDOHEIZ OV TDORE

EIAIC BT 2 AEWTHEO—N 72 BiiL, EEEOREXMN KO- DORIIERE, A%HE
~OFEOKEL TR - T 52 THD, SREIONSA vy MREDIL, RREE S
EDORBOBRIZOWVWTO—EOMANE LN, THITKEOEERE - NGO
LT HEDOERBASOERNZREBIZONTORIIN AR L R o7c Z LB REY,
YU =X Ty IR BREORE, RESNIZBBHDOINAN—a—F 1 7 FikEx
A DOETZAREFIEL, ANNCREBEEZRET 22 L0 TE, FICHINVREREEICE
FTORMEAEEE T OREE =) LV VHETFIEL LTHEEEA NS, LinL, HE
LD 7=0icid, BRERIE L 20 55RO AR, ARREENA S 2 H HRREEHEL
7= BT, WEARHEO FIEEMNLT D LERD 5,
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aARXBUN JT7FTHhATHEREFE LI 2 —O—2IThh 2 EGHERIIEAE
(ERERR~NDEEZHRLELEREE-42)VIXE) (SAPI) EBRTHREE

EIAZE T 2 EMRED— i 7e HE9IL, BEEREOREXIR OO ORPIE, AW
~OFEHEOKELE TR - FHETHZ L THY | ARROFEKROFHHICEE LT, fl4.
WYL, M. WABEROCHREA SR E LT, BERECER TS AR~ 0L
FEAMREAE (BACftE, BURIME. BEREME. FRERME) S LTV D Z eI TTH D, SEID
SIFTRE ST, PL12 DBAFIC X DAk~ ZeTRENC X D BREEA (LS B I R T B O AR
PEDT 7 & ZTEREIR VO HILT TR B v, AR AR O E (A% - R OHERB I K 5 E
RESR A~ BT (2 > C BEIA TOJE A DO A REME RIR S iz,

VL= N7y AL L EBHORSE, ESNTEREBEO DNA N—a—F 1 7T FiE
EHHEDETZAREFEL AINCRBEEZRET L2 LN TE, FICHUNREREIC
BUORMHEARE L T OREE=FV UV REFIEL LTAIEER LMD, AT Ry
=7 A b b ACC PREEXIE (o A = { AR ERHL) 225 50m DBFTICALE L TW\WH 7R &,
HIZABRFE 1, ENLARSC = 1 A 2 IR Gk 7e & A RBREEE R I R S D 2 &R
2N D, gL Y b K0 EEHCE L) R BREERUE A RO H LD, AFHAETHEA L7
FEE, B -EBChZ), DML RE=X Y I NRAEETHHZ & EFE X B,
SEARED R T 4 TR ) TEICB T HBRERIETFIE L L COIEHOFENEI R S
ni= (X 17.52M1),

—J . RHETIIARD EIAREDOFIE L By | THEEFERHICHENTOA TN D
20, BBIETHAMOR—RAT A T —2NKRTF, THAEZOEEO SN NA+5TH
5, Flo, MZE - BBEOEHELE 1 EE 1 YA 7 V00T —XThDH-0, B o
DHBRFEFMEBC LD L DRON, BRIZEDbORONOHWZITH 2 & BNES T
VN, Fio, AWHOHER ORI @ EEEEFEE T 5, RPHE TRENRE S N7
DR, 50m FARNTIALE L TS h T v (KRETIE, 32095120 K
7 v T DI DNA GHTORGEE LT ORSIZ BT 2 MR, 2EROEMNERR, T
LEDORYNEDOHERR D221, EEE O LIHENLETH Y | Fik 3~5 FRED
FHAEORFPMLELEZ HND (K 7.6 B3H),

REBDZITIZHOWTE, 2R, EEEOZEIz>NT, BL-Vb, FLULTo
Bat 21T\, BOATLeFiEZ O, ZHIE—E VIV EOREEE AR T 572000
FlEE L F A, ORI T 5B EMHRT 272D D HETIER,

S, BEEOT =2 N ELNL5EITT. BERBOMITE WO BLEND, EORE
DUV TOZEAT O MERH D DONITONTIHRET L TW S BER’H S,
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE

(EERAOZBERLE LEBBEE-4UUIXIE) (SAP1) 2E=THLE
ST ES A BRIl & 1
s8R (BAE. B
e e1a | 2B, EEE MEY)) CHG | B0
mern EIA (C | B FAR
1t 2 2 B AT, HEEE . 5 | xansie
BIBFHMFE | o necmEL. A i
DEERBLERZS | A
A% ST
o {;%}T;f EREOEEAERC | R
L PEROE | Sotrms sicmy | EEETEC
=TT EhEIHE

7.5 EIAIZRT 5 —RA2EMRAER OARFEEMNE ST

T FEE B DR

X @ : EIA (2B 5 — M7 A a4 52 )it
X 7.6 EIAIZEIT D —KAZ2EDRER OKRREMNE ST

7.3.2 ®”_E
LSHOMEE R E 2 T, #HRFHIZOWT FROE BV IRET D,
(1)  HBEBAR L BRBEREAEOWILDOT-HDHER
A RZ Y JITIT D MBABHIE & BARBREEIREDWANLO 7= HI2IE, HIEE, Sl
FBUWTHIZBRRE FEE (ICE) & HARBREER AL O BB (ACG) 2RI /1 L T
SHBERH D, SEIOFHAETIZ DNA N—a—F 1 > ZFEOTE TR RIE S 7208,
FOREDOEVEREGFDT2DITIE, 4%, ICE, ACC 72 & OB EERE 2 Hh#) L Ti& %
M9 D Z EMEE LV, T X D Ak S v, TEHSER S L, HBEBH R
O RIENVETHM A ATRE L 72 0 | BATEHEEEREIC 351 D B ARBRER & FH AN L 72 U BABH O &
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AR YHAE TT7FHRATHEEFELI 2 —O—2IThh 2 EGERIIEAE
(ERERR~NDEEZHRLE LEREE-A2YVIXE) (SAPI1) EBRTHREE

15T

EWiT 270 ORFEREFHEOBFNEITI ZENAREL 2D, ZOX I RFiEEE L,
HOEABASE & HARAR & ORROEEI 21T 9 Z LI2 LY BRARSO BARRERSNE
T MU B\ CHBBABR S & St 2 MR O BREERUBICAR D T B A RET S Z L v E L
W, TORE. RF— I RAR—T U AU A h DB D FIZONT B RS LT L
NooeEbio, HMURTHOFYLROOND, ICEIFHREELETHLZ b,
HA RTA VREC DT> TIE, EFRIENT (SETENA) OWHBBREL 725 2 LiC
MEPVLETH D, EANREBZIFKT. TITRTEBEY TH D,

BANEEIOHEAGRFEOIREE

SO i — RROREREONE
A =1 /:
HOEABIFES A RS>0
Ohés
e’

() -DNAN-O-F1 > FE=RVBRRETHMEF
T EOBIR (IREEVEEFE)
R BRANEORGROREIE (RIENRE
ST _EAISHEIER FE DIRIBACE DB ARET)
O AT IR =T 25 -2 A NOBD T DFRET
DNAN—-O—F1>JFF=RVEHEIF
SEOTERCIEE MR (FRIFR)

X 7.7 #HBEINIUEBROBE

B ARABRSE O B SRBREEOR 423 B B 70 Mg 2 35\ CHBEABA 76 & SEhi 3~ 2 BR O BR B B 8 L 2 £%
LHHERETDHE, RESLUTO2O0IE# %) Z ENNBE LD,

* DNA N—a—F ¢ VR EE AWz B AREREEHT FE OB Y (EEE¥(FIR)

- HUEABRFE D SAFERY S ERTAG > _EALEHE B RS IZd5 1T D B ARBREE & FFD L 72 HUZABR 36 & 52

i 9™ 2 72 8 O BRET AL IE FHH DT

Flo, THRFNCH Tz - TE, MEOFFHHESEIC L THEMZ ENEE LY,

DNA N—z—F ¢ v 7 FEEZ AWz BRREFMFEORME BREEEFIH) 2175%
BOIFBNER AR 7.5 1217 F, 2017 4F 2 HRFAUC, PLI2 22D OSBRI BA ST
W WS RRMR 2 BRAE SN BRICIE, No. 7T HUSUTRE DB /S L — 2 — 0 5 DRK D5
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Commission Meeting, Friday, March the 4th, 2016.
9am.
Representatives of ICE, JICA and ERM are present.

Suzuki [ERM]: Introduction about the members of the commission and the pilot project. The TOR for
Dr. Janzen is ready for the subcontract. Since the SAPI project is between ICE and JICA, it is important
to ask questions or share any doubts. The Pilot Plan that was prepared with Dr. Janzen, was shared
and he will explain in detail during the meeting the contents, but first it will be explained easily. It was
agreed that the DNA of 6 traps near PL12 will be analyzed; the Pilot Plan is based on this, also using the
services of the University of Guelph in Canada, with which Dr. Janzen has an agreement. Doubts about
the university?

Hartman [ICE]: There is a previous experience with the university and the analysis can be conducted
there, so there are no problems with it.

Suzuki [ERM]: The next point is about benefit sharing which will be explained afterwards, doubts? Point
3 it about the Malaise traps. They are from 2 years ago, 52 sampled of 52 weeks and it is proposed to
send them all at once. Since the samples are from 2 years ago, that the DNA analysis might be affected
is a concern but, the samples where checked and the possibility that a problem might arise is low.

Hartman [ICE]: Sergio has been investigating about this and depending on the alcohol that it is used for
the samples, they can be conserved for 10 years, so no high risk is involved.

Suzuki [ERM]: The investigation from the ICE about this is very much appreciated. Still, the possibility
had to be discussed, since, at the beginning, only the samples of 2 traps were going to be send, but
after consulting with Dr. Janzen, it was agreed that all the samples from the 6 traps should be send.
According to the agreement of the university with Dr. Janzen, if a problem arises, it would be
communicated immediately. Does ICE agree with this?

Hartman [ICE]: Yes.

Suzuki [ERM]: About the DNA analysis, Dr. Janzen will explain in detail. The procedure is, a leg from
each insect from each of the Malaise traps is taken, put on a plate and analyzed. The people in charge
are professionals with equally professional techniques. The DNA results will be very specific. On point
2, about the impact caused by PL12, Dr. Janzen will explain in detail, but to put it simply, traps 1, 6 and
9 aren’t supposed to have any impact. Then, traps 3 and 4, near the platform, will be analyzed, and
then compare traps 3, 4 and 7 near the road. 1 and 3, 7 and 9 should show the impact of the
development area and the on an area where no impact is expected. Another analysis point will be the
frequency. First each week will be compared, then each 2 weeks, each month. Also, samples will be
analyzed for each week. This data can be compared to other data of samples taken in other areas of
ACG and determine characteristics of the project area taking into account the properties showed by
the insect community. The next point, according to the structure of insect community, other
relationships with other animals can be seen, for example the tendency of birds and mammals who



feed on the insects, and others. Other technique for collecting insects will be compared. Doubts about
the methodology?

Hartman [ICE]: The methodology is understood and also how the analysis will proceed, but how can all
that be related to the other biological part and how can it be used to measure the impact of the
project in biodiversity.

Suzuki [ERM]: Until the analysis is performed, there is not much to be said, but in points 3 and 2 it is
explained that the 95% of living land individuals are insects therefore they occupy most of the
ecosystem, and through their analysis, biodiversity can be examined.

Hartman [ICE]: The previous statement cannot be confirmed yet, correct?

Suzuki [ERM]: Yes, it is not certain. The project it’s based on analyze the methodology of using insects
as indicators. It was discussed that it was to investigate the impact of a 2ha geothermic project, but
since said project is next to a conservation area, the inquiry must be more specific.

Hartman [ICE]: It was consulted with Dr. Janzen to see if there was a method to determine if the
environment is healthy or not, so, how to determine or measure using insects?

Suzuki [ERM]: Information about this will be presented, if there is a standard. The area in general must
be surveyed.

Hartman [ICE]: Only using insects?
Suzuki [ERM]: Hypothetic possibility.

Eddy [ICE]: The conceptual framework talks not only about insects, but they want to verify the impact.
During the monitoring phase, there we moments when the construction was ongoing, moments where
there was a pause, so they want to verify how long it takes to recover to the initial state.

Suzuki [ERM]: Yes, it is important, but until no data is obtained and analyzed, nothing can be said. The
answers will be shared during the commission meetings and workshops.

Eddy [ICE]: If they can go to the conceptual framework, they want to verify if there was really an
impact. As an example, at the beginning all the mosquitoes were killed, but they came back after 2
hours. The general atmosphere during projects and development groups refers to speculation
between temperamental people, and this is the reason a good mechanism wants to be created. For
example, a sample is taken from the construction place and a different area, an impact is reflected but
by the next week everything is back to normal. Taking into account this example, the conceptual
approach of the scoping of the project, must be very clear so that in the future there is no data
manipulation or errors.



Suzuki [ERM]: Definition of the goal, very important but difficult. There is a concern about the sharing
of information, so an agreement must be elaborated and shared.

Hasegawa [JICA]: There are two important points. In the experience so far, the EIA for geothermal
developments in small areas of 2 or 3 ha has shown that the impact to the environment is very little. If
the project was a big project such as a damn, then the impact would be big, but in this case we are
talking of something small, so to measure the impact is difficult and an appropriate methodology is
being pursued, as it is the case with the insect community and the possible changes in its structure. In
the past, this method was impossible, but now with the DNA barcoding, there is the possibility to
analyze thousands of insects and investigate the changes in them. This is why Dr. Janzen said that
there was no standard and this is taken as a challenge to combine the practical and the academic side,
so this turns out to be an ambitious project. In the SAPI project the measure of the impact cannot be
expected, but to prove the most suitable methodology.

Eddy [ICE]: In the case of insects?

Hasegawa [JICA]: Yes. If we can really measure the impact, a year before, samples are taken, and also
during the project construction. Then the reversibility can be determined.

Eddy [ICE]: In his experience, in the tropics is faster.

Hasegawa [JICA]: Yes, but there are no data. This is why, when the project is over...
Eddy [ICE]: There are monitoring phases, before, during and after, so it can be analyzed.
Hasegawa [JICA]: It would be interesting to analyze them with a different method.

Eddy [ICE]: The samples requested to Dr. Janzen fulfill those requirements, but the analysis that the Dr.
must do is not related to the impact.

Hasegawa [JICA]: For the ongoing investigation, and going back to reversibility, since there is no
available data, the (geothermal) project is still developing, so, in order for the investigation to be
complete, new data must be obtained afterwards.

Eddy [ICE]: As the current project (SAPI) is understood, a valid methodology is seek and its
improvement, and also know the reach of the investigation with insects but not only the insects but
also to know the impact through them. The idea is to verify if this methodology is valid for using it in
other parts of the country and the world. If the impact seen in the insects results to be very low, is it
really a good idea to spend thousands of dollars for this?

Hasegawa [JICA]: We don’t know yet, so we are going to investigate.

Eddy [ICE]: Yes. But all this must be stated clearly in the scoping. This was agreed in the letter
between ICE and JICA.



Randall [ICE]: Results about the impact will be known through the results of the insects?

Suzuki [ERM]: In this SAPI, they are not trying to determine the impact but to verify a valid
methodology for this kind of (geothermal) project. And Dr. Janzen is the most knowledgeable person
in the area, so taking into account the data, the results will be presented in the commission meetings.
During those spaces, the ICE will have the chance to present doubts. It is a bit late, so the information
about the information control will be shared by email to discuss about it.

Hartman [ICE]: Let’s call the rest of the guest.
(Sometime after 10 am, representatives of ACG and GDFCF join the meeting.)

Suzuki [ERM]: Welcome to all. In this SAPI, the methodology wants to be improved. First, the
background of the project and the proposed survey will be discussed. Then, the copyright and the
confidentiality agreement, and if there is time, the International Guidelines will also be debated. Since
there are several points to talk about, the meeting might be long but the important issue is to get a
final agreement. It is important to define the objective of the SAPI in order for the project to advance;
to better the EIA methodology and share different opinions. As background, we have the MOU that
was signed in January of the present year, and it was agreed the Examination Methodology for
Biodiversity and the Pilot Study. The main topic for today’s commission is the Pilot Study. ERM
discussed with Dr. Janzen the methodology and several agreements were made. The details will be
explained by Dr. Janzen.

Janzen [GDFCF]: First, a comment. To improve is to add more tools to the existing ones. The barcoding
procedure is explained according to what is written in the document along with the procedure. The
laboratory in Canada has, already, done 4000 analysis; the process has been used and proved before.
All the proper investigation and exportation permits are in order. Also, the CONAGEBIO permit will be
ready next week. Those three documents are shipped with the samples to Canada. They are sent via
DHL and four days after arrive in the lab. From glass bottles, the samples are transferred to plastic
bottles without the alcohol and when they arrive in Canada, fresh alcohol is put into the samples.
There is one person per trap, who makes a preliminary identification, takes the leg from the insect,
puts it in the plate, and the analysis takes place. The samples belong to Costa Rica, but the laboratory
defrays the cost. Currently, there are twenty thousand of users employing the laboratory at the
University of Guelph for this analysis. It takes six months since the 6 traps are analyzed at the same
time. The barcoding can be accessed with a password that has no cost from the University. During the
analysis, if an error is found, it can still be corrected. For the morphological classification, the type of
insect can be identified at the beginning and then verified with the DNA. If there is doubt, it can be
verified with the insect since they have it there in the laboratory. There is the possibility of
contamination, a scale might get stuck on the robot or something like that, but since they are working
with 20 thousand species, that there is one error, is not going to influence much the final results. The
data will be analyzed once the barcoding is complete. Dr. Janzen is not charging anything for all this;
the $ 35 thousand go directly to the project. His salary comes directly from his university, and he is
interested in the investigation and in supporting ACG. 3 traps were installed at different distances of
the platform. Depending on the information they show, they can know which species and their
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guantities around the area. The traps are like a weather station. They can contrast the one that is
inside the forest with the one that is next to the platform, there is going to be a differentiation.
Questions that can be asked to the data: weather data near PL12, temperature and rain, how was the
situation when the perforation started, during and after it. All this questions can be asked and
investigate the influence in the insect community. The traps started with the first day of the
(gseothermal) project. It is anticipated that the traps at 150 m of distance won’t show any influence,
and those at 50 m of the platform will have some influence, but the data concrete data is necessary.
With the data, the impact can be measured. They can compare samples each week, or each two weeks,
or each month. With the samples they have, the analysis can be done. In ACG, they already have 400
thousand barcoded insects and that quantity only gives them an idea of can be found in the area. They
can say it is the same that can be found at Cacao Volcano. So, they can compare similarities and
differences, to see if the area around the project is special or not. This is very important in
conservation terms, to determine if there is a primary forest or if there are endemic species. But the
time and the money required to observe birds, for example, is too much. But with Malaise traps, they
can be installed and that’s it. They can verify if there is a change in the species or in the behavior. The
light traps, on the other hand, attract a minimum of species compared to Malaise traps.
Parataxonomist have been working for two years collecting larvae, and they might have only around 30
species compared to the 20 thousand that can be recollected in the Malaise traps. The benefit-cost is
very different, if one compares the $100 that costs to identify one insect by a professional in contrast
to the proposed methodology where $360 000 are for so many species during six months. Insects
represent the biodiversity because of their great quantities in comparison to mammals or birds. There
will be an advance report each 3 months, and then bigger ones on August and October. By the end of
February, they will have the final report and workshops. The payments must be done a month after
the samples arrive, then after the first report, and at the end; each payment of $120 000. The
schedule is checked.

Hallwachs [GDFCF]: The labeling is done very carefully and errors are avoided.

Janzen [GDFCF]: The same person has been recollecting the samples from the Malaise traps, so they
have the certainty that there are no errors.

Suzuki [ERM]: Does everyone agree with the contents of the Pilot Plan and this schedule? Everything
is arranged with the University of Guelph. The samples will be sent, the analysis will take place and 6
months after, we will have results. But, after the first 3 months, they will have the first report. Some
species can be seen and their quantities.

Janzen [GDFCF]: Those reports will consist mostly in numbers; the analysis will be obtained at the end.

Suzuki [ERM]: By the end of August, they will a more complete report and commission will take place
to discuss it. On the next commission meeting, they will be able to talk about the crude data from the
DNA analysis and to consider the improvement of the methodology. The data of the DNA barcoding
will be ready around the beginning of September and by the end of October, the analysis. By this
moment, there will be a commission meeting and a workshop where they plan to ask SETENA and
other interested groups to participate. In February they will have the final report, the last commission
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meeting will be held. That is the proposed schedule. If agreed, then, they can send the samples to the
University of Guelph.

Janzen [GDFCF]: The University has accepted to afford the cost in case there are more samples than
those expected.

Suzuki [ERM]: Several comparisons can be made, between the samples near the platform and those
near the road, comparisons each week or each two weeks, and so on. They can also compare with
other information in the ACG to see how unique the forest near the project is. At the moment they
cannot know the analysis they will be able to do, but there is the possibility of questioning correlations
in the ecosystem.

Randall [ICE]: About point H, the comparison between the ACG information and the new data, is there
some previous study to compare to?

Suzuki [ERM]: The information from other areas in ACG do not have the same conditions, so taking
into account the hypothetical traps that have affectation, they can be compared to other ones in ACG
that don’t have.

Janzen [GDFCF]: Actually, they do have information from other areas in ACG with affectation.

Suzuki [ERM]: With a 2 ha platform, the impact is low, but since it is near a sensitive area, the situation
changes. In big scale ElAs, they take into account plants and representative species, but for this case
the scale is very small so a change in methodology is needed, and in this case the measurement with
insects is more specific since insects are at the base of the food pyramid and with them the impact is
more evident. Opinions?

Alejandro [ACG]: Agrees. Historically speaking, more visible species where taken into account.
Collecting insects was difficult, but now they have the proper technology that allows doing proper
research.

Randall [ICE]: The area is a sensitive one, so they need to perform a more profound analysis. As public
functionaries, they have a responsibility to the environment. They want to demonstrate that their
development projects do not have such a strong impact.

Suzuki [ERM]: Other comments from ACG or ICE?

Roger [ACG]: Agreed.

Sergio [ICE]: As Dr. Janzen said, they want new tools to improve the EIA.
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Suzuki [ERM]: Then, everyone agrees with the Pilot Plan?

ACG and ICE: Agree.

Suzuki [ERM]: About the results, they will first have the results of the DNA barcoding and afterwards
the report about it. They cannot know the results, but it is important to agree on the use of the
reports. The barcoding data and copyright will be in the BOLD system. Is there a problem with this?

Randall [ICE]: No problem.

Suzuki [ERM]: About the copyright of the reports, GDFCF will prepare the intermediate and final
reports and will submit them to ERM, and they will be discussed in the commission meetings to reach
an agreement. The copyright of these reports would belong to ERM. The last report that is prepared
by ERM for JICA, its copyright belongs to JICA. The confidentiality of the barcodes...

Sergio [ICE]: In the point 2.2, the cooperation is between ICE and JICA since it is a loan from ICE to JICA,
so the copyright should be shared with ICE.

Hasegawa [JICA]: Both?

Sergio [ICE]: Yes.

Hasegawa [JICA]: JICA and ERM work through a relation with a contract, so ERM hands over the
copyright to JICA.

Suzuki [ERM]: The barcoding information will have a password for a year and then it will be public
information. The confidentiality of the reports that the GDFCF gives to ERM and its contents will be
discussed in the commission meetings. The final report is delivered to JICA and it has public access. Dr.
Janzen has any suggestion?

Janzen [GDFCF]: In order to understand the barcode information, they all have a proper date, place,
name, who collected the Malaise trap, a picture of the insect; all this information is part of the data in
the barcode.

Suzuki [ERM]: Agreed?

In general: Yes.



Suzuki [ERM]: About the copyright of the reports, that not only ERM holds the copyright, but also JICA.
Dr. Janzen?

Janzen [GDFCF]: ltis like ICE suggested, so he added that part about JICA.
Suzuki [ERM]: According to the contract between JICA and ERM, the final report’s copyright will be
JICA’s, not so with the internal reports. In point 1.1 explains that there is no problem if GDFCF wants

to write other scientific papers.

Janzen [GDFCD]: Wanted to clarify this so that in the future the can write scientific papers and there
are no problems about the copyright. ICE’s participation can be recognized in said papers.

Hartman [ICE]: If those papers refer to the ICE’s project, they would need to check them first.

Alejandro [ACG]: ICE could be co-author.

Hartman [ICE]: Yes, but as it is written, they, the papers, could be written without the ICE checking
them

Suzuki [ERM]: It is important to clarify the results of barcoding will be in the BOLD system, they will be
public.

Hartman [ICE]: That means the raw data?

Suzuki [ERM]: Yes. The information is received from GDFCF, it is shared during the commission
meetings and the copyright belongs to ERM. If during the meeting an agreement is not reached, there
is no report. Therefore, the data in the BOLD system is public and anyone can use them, so there is no
need for the suggested phrase.

Janzen [GDFCF]: If ICE wants to check, there is no problem that they do so.

Roger [ACG]: The papers that might be written can be 100% scientific papers related to ACG or the ICE
project.

Janzen [GDFCF]: Yes, yes, then anything that is related to ICE, they should check it.

Suzuki [ERM]: Then the phrase can be removed?



Janzen [GDFCF]: It is better that the phrase stays in case anyone else want to use the information.

Alejandro [ACG]: Maybe they should add more.

Hartman [ICE]: Then they should specify, if they write about ICE the person must have the ICE’s
approval.

(Text with specifics is added to the reviewed document)

Suzuki [ERM]: Agreed?

In general: Yes.

Suzuki [ERM]: About confidentiality, Dr. Janzen proposed that after two years, the report that GDFCF
will submit to ERM becomes public.

Hartman [ICE]: Depends on the contents of the report.

Alejandro [ACG]: They are internal reports.

Hartman [ICE]: Still, depends on the information in the reports.

Eddy [ICE]: Is it necessary to stablish a date?

(Complicated issue, lunch break)

1:45 pm onwards

Hartman [ICE]: Even if they are internal reports, there could be sensitive information for ICE. In that
moment, the commission won’t exist anymore. Instead of writing two years, let ICE decide the

opportune moment.

Suzuki [ERM]: Just to confirm, the information is different. One relates to the confidentiality of DNA
and other to the reports.

Janzen [GDFCF]: Worries that ERM has the last saying in the matter, it should be ICE that has the last
saying.



Hartman [ICE]: After two years ICE decides if they make the information public.

Hasegawa [JICA]: Those reports between GDFCF and ERM belong in the category of subcontract, so ICE
is not related to them, logically and in theory, but a commission they can let ICE decide.

Eddy [ICE]: Yes, that is good. What should be included in the document, then?

Hasegawa [JICA]: In this section of the document?

Hartman [ICE]: Yes. After two years ICE decides.

Hasegawa [JICA]: This is about the reports between GDFCF and ERM that ICE decides about them?

Hartman [ICE]: Yes.

Hasegawa [JICA]: Ok, let’s write that.

Suzuki [ERM]: What about the final report of the SAPI project?

Hartman [ICE]: The same?

Hasegawa [JICA]: Because of the contract, that cannot be done.

Hartman [ICE]: Then that it becomes confidential?

Hasegawa [JICA]: That report comes to the JICA library, it becomes public.

Sergio [ICE]: But the commission is going to check it, anyway.

Suzuki [ERM]: Then the two years phrase can be eliminated?

Janzen [GDFCF]: Yes.

Eddy [ICE]: What about the last report?

Hasegawa [JICA]: The last report is in Japanese, according to the contract between JICA and ERM, so

they do not expect to share them.
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Sergio [ICE]: But ICE and JICA have an agreement.

Hasegawa [JICA]: The last report is not related to it.

Sergio [ICE]: It makes no sense that during a cooperation one of the parties cannot decide at the end.
The improvement for methodologies is the goal and ICE is also providing information. So, there makes

NO sense that ICE has no interference in the final result.

Hasegawa [JICA]: But it is understood that during the whole process the agreements between the
commissions are the ones that will be reflected.

Eddy [ICE]: Where is that written?

Hasegawa [JICA]: The contents shouldn’t have any contradictions.

Eddy [ICE]: But when can we see the draft of the final report? In the discussion, the information that
will be examined will be partial.

Hasegawa [JICA]: During the commission meetings...

Suzuki [ERM]: During the commission meetings, all the information will be discussed, including all the
content of the report that ERM will give to JICA.

Eddy [ICE]: But, the information that they are seeing right now includes mostly the data about the
insects and the University in Canada. But there are other topics to discuss like the EIA methods which
we do not see here, in this schedule.

Suzuki [ERM]: Itis included. In the MOU it is specified that they will discuss the methodology also.
Eddy [ICE]: Not in the schedule.

Suzuki [ERM]: Because it is included in the data analysis.

Eddy [ICE]: We have the original agreement between ICE and JICA. Maybe can we see it?

(Technical problems, discussion)

Sergio [ICE]: So, ICE has no interference in this final document
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Hasegawa [JICA]: There are two different situations, the SAPI and Pilot Project.
Eddy [ICE]: But everything is part of the same result.

Hasegawa [JICA]: Then let’s check the schedule.

Eddy [ICE]: Yes, because we have the same thing but they have two parts.

Suzuki [ERM]: According to the previous agreement, when the schedule was presented, in the 4t stage,
this discussion is included.

(Discussion between ICE members)
It is understood that the last schedule is from the Pilot Plan. And they request that they can also

interfere in the last report of that plan.

Suzuki [ERM] and Hasegawa [JICA]: But all the information will be discussed in the commission
meetings, there won’t be anything new in the final report.

Eddy [ICE]: Even if it is discussed, they need to check the last technical report, see it. The final
cooperation report must be checked by ICE. The Pilot Plan shouldn’t have a final report since it is part
of all the technical cooperation. Actually, there should only be ONE LAST final report.

Hasegawa [JICA]: GDFCF submits the report to ERM, which is related to the Pilot Plan and that
information is going to be discussed during the commission meetings and workshops, reviewing the
documents, last reports in December. In February, the last report from ERM will be submitted,
including comments about the content from the commission members.

Eddy [ICE]: Is that the final report?

Hasegawa [JICA]: That is the final report from the ERM consultancy, including pictures and
administrative information.

Eddy [ICE]: And the technical information?
Hasegawa [JICA]: It includes all of the above, and the technical information will be discussed.
Hartman [ICE]: It will be public no matter the content in it?
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Hasegawa [JICA]: The report will have all the comments.

Hartman [ICE]: Even if it is discussed and commented on, that report might not be approved.

Hasegawa [JICA]: If it doesn’t have the approval from ICE, it won’t be published.

Hartman [ICE]: Then it should be written somewhere that that sections that ICE doesn’t approve, won’t
be published.

Suzuki [ERM]: Please remember point 1.1. The information will be discussed between all members.

Hasegawa [JICA]: It must have the commission approval and that that the commission approves, is
what will be published.

Eddy [ICE]: What about the report between ICE and JICA, can it be reviewed by ICE?

Hasegawa [JICA]: The final report between JICA and ERM is in Japanese.

Eddy [ICE]: But ICE wants to understand the last report between JICA and ICE.

Hasegawa [JICA]: The drafting or translation seems to be wrong. This refers to the investigation report.

Eddy [ICE]: That is an interpretation of the document. We need to clarify to which report they are
referring to.

Hasegawa [JICA]: JICA as an institution does not prepare a “final report”.

Sergio [ICE]: Then, which one does JICA publish?

Hasegawa [JICA]: The last, last one where all the information is approved and it is in Japanese.

(Big discussion between the different parties about the interpretation of names and language
problems)

Hasegawa [JICA]: It is the report that includes administrative information. They have to publish it since
they are using public founding.
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Eddy [ICE]: So, let’s use a proper name for the respective reports so that we do not need to interpret
the meaning.

(Names are decided: Informe tecnico final (Final technical report) for the report submitted from GDFCF
to ERM with the technical information, and Informe administrative final (Final administrative report)
for the final report in Japanese that ERM submits to JICA)

Sergio [ICE]: The SAPI is between ICE and JICA, but in the commission ERM represents JICA, and JICA is
just an observer while ICE participates actively. So legally, JICA and ICE should be the ones approving
ERM final report because it is a technical cooperation between these two and they should approve that
final report considering if it satisfies the SAPI.

Hasegawa [JICA]: The Final technical report will be approved by ICE and by JICA through ERM. Of
course, JICA will try to always participate in the commission, but if it is not the current members,
someone from the Costa Rica office will be present.

Suzuki [ERM]: In the minutes, we want to include three important points. First, the Pilot Plan was
agreed. Then, the topics that will be discussed in the commission meetings. The draft will be written
now, and the other issue is the reports. The Final technical report will be analyzed and approved.

Hartman [ICE]: It needs to be clarified that the Final technical reports refers to the so-called final report
that appears in the document between JICA and ICE.

Suzuki [ERM]: The minutes, it is written as follows, it is ok? About the confidentiality of reports, those
from GDFCF to ERM will be public until ICE approves, and the one that is submitted to JICA regarding
the SAPI will be public after ICE and ACG agree.

ICE, ACG and GDFCF: All agree.

Suzuki [ERM]: Please check the Minutes of Commission, so that we can print it and sign. The pilot plan
is comprehended and approved. Also, about the Final technical report, it refers to the final report
between ICE and JICA. Also, please verify that the 3" commission will take place in at the end of
August and that the internal report about the DNA analysis and the improvement of the EIA, will be
deliberated. Something else? If we all agree on these, we will print the minutes and the respective
agreements that need to be signed. Now, we can ask to Dr. Janzen to send the samples.

(Sudden end with a round of applause)
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Third Commission Meeting, Monday, August 29th, 2016.
1:30pm.
Representatives of ICE, JICA, ERM and GDFCF are present.

Suzuki [ERM]: Starts explaining the visit to PL12 on the morning. Today, the advances on the project
will be discussed. There are 3 main topics in this proyect: EIA in geothermal development, ecosystem
and DNA. In order to attaint he final objective, the betterment of EIA methodology, the barcoding of
insects has been utilized. On future commissions and coming workshops, the data and results of that
methodology applied to EIA will be discussed. The First Interim Report is presented and a resume of it
will be shown in the PP presentation. The progress so far is explained by Dr. Janzen.

Dr. Janzen [GDFCF]: Picture of 2014 and the traps location at the time, are shown, along with the
progress so far of the project. Trap No.3 has a larger quantity of specimens in comparison with the
other ones inside the forest. 130 thousand specimens were analyzed in a $400 thousand machine.
The barcoding shows the mitochondrial genome, which turns out to be a “word” of 650 letters. A trap
a year can capture 3859 specimens. The “genetic family trees” are explained using Coleoptera as an
example. When a group of specimens has the same code, a BIN is assigned. With a small difference, it
is new species. In this project, 136507 specimens were found with 124198 sequences and 1014
contaminated. The barcoding process has ended; the assignment of BINs is 90% complete. If scientific
names were to be assigned, the specimen should be given a taxonomist who names it. Also, there
could be compared with the ACG existing data base to verify if they already have a proper scientific
name. It was noted that rainfall decreased during 2014 and 2015, therefore the need of a
Meteorological Station in Pailas Il. The traps were first placed in October, 2013. Peaks can be seen
depending on the rainfall, temperature and other variables; taking this into account, the need for a
Meteorological Station is stated again. Even if a huge difference in quantity can be seen in a specific
trap, statistically, the traps might be similar. Flies represent the big portion of the sample, and they are
very difficult to identify by sight. During the first six months of the year, adult insects fly and get caught,
but the next six months, most of the insects are young, flightless period. Two of the three initial lines of
traps were altered, so as a recommendation for the end of the SAPI, to continue the monitoring the
one that is still intact should be the one to use. An example of a specific species of mouse is presented
as to why it is not a good idea to utilize such an animal for the monitoring. In the example, it is shown
that through the years, the mouse population fluctuates a lot naturally, so it is not practical for a
biomonitoring study. Taking this into account, the following preliminary comments were presented:

- Malaise-trapped insects can be a ruler for perturbation to the ecosystem; this goal does not relate to
whether they are “threatened” or in danger of extinction.

Details of trap positioning are important.

Seasonality affects results.

BIO/CBDG laboratory analyses will be completed by the first week of September (6 traps).

Draft conclusions before the end of October would be premature.

My hope is the data for trap #2 (intermediate) are available to us in January.

| will recommend that in the end that biomonitoring with Malaise traps is viable, feasible, and
desirable for a project in a valuable ecosystem, this affects the line of traps #1, #2, #3.
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ICE agrees that trap No.2 can be send for analysis, but there are 45 thousand available when 60

thousand are needed. Some key aspects to take into account:

1. Assessment in EIA is not monitoring or biomonitoring.

2. ldentification costs will decrease with time.

3. It is possible for anyone to stablish the biomonitoring part on the field when there is a Centre for
Biodiversity to receive and perform laboratory analysis (and engineering)

4. Eventually the samples will be analyzed in a bundle with NGS (Next Generation Sequencing) instead
of one by one with Sanger Sequencing.

5. Stablishing a CBG in Costa Rica makes no sense since the cost to stablish it and maintain it, is
extremely high.

6. The most developed bar coding library, the most international and the most useful for all goals is
the BOLD system, which is the basic storage and analysis.

7. Just as an industrial project in a sensible area (all?) has a high machinery capacity, operations,
conclusions, planning, etc.; that same project must have a portion automatically dedicated to the
environment and its biomonitoring at the beginning and over the years. The Dr. wants to thank all
the different organizations that make this possible: ACG, SINAC, MINAE, ICE, GDFCF, ERM, JICA,
University of Pennsylvania, BIO/Centre for Biodiversity Genomics.

Suzuki [ERM]: Thanks to Dr. Janzen. The main objective is to improve the EIA methodology. So far, the
EIA objectives can be resumed in predict, prevent and mitigation. If the EIA of CR is compared to other
countries, there are some were the SEA is utilized, and its difference with the regular EIA is that the
SEA is applied in policies, plans related to authorities and such; while the EIA is applied to individual
projects. Brief EIA explanation is given. The SAPI project pretends to improve the EIA methodology.
The methodology in CR is presented, and even when SEA is not used, ICE is trying to do something
similar. There are no guidelines for geothermal development research.

Dr. Janzen [GDFCF]: It is important to remember that Pailas | was agroscape while Pailas Il is very
different. The EIA in CR has different characteristics depending on the place that is realized.

Suzuki [ERM]: For Pailas I, ICE included insect survey. Any specific reason?

Randall [ICE]: As an indicator and because of the lights that were used. They already had experience
with how lights attract more insects and their depredators, so they needed to do something about it.

Suzuki: For the EIA description in CR, the improvements that ICE made in Pailas | were included. About
other countries, a brief explanation follows since the details are in the Interim Report. In Japan the EIA
is a requirement for geothermal development but there aren’t many in that country. The SEA is not
used in Japan. Stakeholders are involved for the TOR. There are specific guidelines for the research for
key animals, including insects with several methods. In the U.S.A. the EIA is a must in development
projects; the SEA is used for the zoning, stakeholders also involved, the methodology is decided by a
certain government agency, insects are not included; the monitoring is done with fish. In New Zealand
the EIA is also a most, the SEA is also used for the zoning and as part as the stakeholders the
indigenous population is taken into account; the one who gives authorization for projects is the local
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municipality; there are no specific guidelines and insects are not included. ICE asked for the case of
Mexico to be explained, this will be done in the near future.

Randall [ICE]: In other countries, when the TOR are decided, what kind of experts participate?
Suzuki [ERM]: In the First Interim Report it is explained a little more in detail, specially Japan.

Dr. Janzen [GDFCF]: Observations. The countries presented have nothing in common with CR, the
society, culture and biology is very different. It is an error to try to tell CR how to do their EIA since the
same rules can’t be applied everywhere. In order to improve things in CR, you need to ask people of CR,
like ICE, what they believe need to be improved and then analyze the impediments that might exist for
that improvement. In CR there are a lot of capable people and important knowledge that cannot be
applied always due to economic restrain and other limiting circumstances.

Suzuki [ERM]: The objective is to initiate discussion about the improvement of EIA by presenting the
examples of other countries, no to say that it should be done in a certain way or like is done in other
countries. There is a possibility to improve the participation of local stakeholders with local knowledge.
Are there any comments from ICE or ACG?

Randall [ICE]: To improve such participation and include local knowledge seems like a good step for
improvement. It would give the ICE projects credibility and solidity.

Roger [ACG]: ICE has a lot of experience in big development projects, but at the regional level, when it
comes to taking decisions and planning strategies, it becomes a difficult situation. There are a lot of
unorganized politics involved that don’t allow a strategic plan. Even when there is a law about
strategic EIA, at the institutional level and at the local institution level there is a lot of work to be done.

Suzuki [ERM]: All these topics and the use of SEA seem to be very important even if they are not part of
the SAPI. This is why SETENA will be invited to the workshops and the topic can be introduced.

Eddy [ICE]: Since this is not covered in the SAPI scoping, would this be a discussion for geothermal
projects or a political discussion?

Sergio [ICE]: Can be presented as a suggestion. Not deepen too much in the topic since it alien to the
scoping of the SAPI. After all, this consultancy is been done in order to hear the opinion of a third
impartial party to see if what is being done in CR is adequate, that may present examples of other
countries and to identify the points that can be improved.

Eddy [ICE]: There are no perfect recipes or guides, and they don’t need this, but adequate results. The
developer attitude affects the EIA results, so they are looking to think beyond of the known recipes.

Hartman [ICE]: In the objective of the SAPI it was understood that the EIA done by ICE would be
analyzed since ICE is the only one in the country with geothermal developments. The opinion of a third
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impartial party was to verify if ICE is working properly or not; and then, to attest if the biomonitoring
using insects is useful or not. This is the reason the first meetings were complicated, ICE wanted a third
party analyzing their methodology.

Eddy [ICE]: If the work done in CR is legitimated, CR can be an example for other nearby countries and
JICA might be able to provide funding to them.

Suzuki [ERM]: Thank you for the comments. Such a discussion is very important for the project. The
EIA criteria of the International Financial Corporation are explained, and then UNESCO criteria for the

Outstanding Universal Value and that ACG gained this since 1999.

Sakaguchi [ERM]: The procedures in UNESCO request a public consultation, and in the EIA process,
UNESCO also asks the advice of experts.

Suzuki [ERM]: About the different methodologies to take insects samples, the research done in the 43
National Parks in Canada is briefly explained. The Malaise trap was recognized as the most effective
one.

Dr. Janzen [GDFCF]: Each tool has its purpose.

Dr. Winnie Hallwachs [GDFCF]: Each trap is designed for a certain type of insect.

Dr. Janzen [GDFCF]: There are around 100 kinds of traps.

Dr. Hallwachs [GDFCF]: The use of the Malaise trap is the most widespread method.

Dr. Janzen [GDFCF]: Depending on what you want to catch, you choose the trap.

Sakaguchi [ERM]: Since they are looking at biodiversity, it may be proved that the Malaise trap is the
most effective one.

Suzuki [ERM]: About the cost, usually one specimen cost $10 for the barcoding. A comparison
between the traditional method and barcoding wants to be done.

Dr. Janzen [GDFCF]: That’s impossible since in the traditional method you can analyze the DNA.

Suzuki [ERM]: DNA is an added value. The purpose is to have information about the different costs of
different methods for reference, but we are aware of the difficulty of comparison. If the DNA
barcoding methodology continues to be used, the costs should try to be reduced, and its practicality in
EIA proven.

Roger [ACG]: The best way to reduce costs is to continue a direct relation with institutions such as
Guelph University and to wait for the technology.



Dr. Janzen [GDFCF]: There is no need to come up or to impose a new protocol, what needs to be done
is to work together to minimize the impact and the costs, and this is not written in any protocol.

Sergio [ICE]: ACG, GDFCF and ICE are able to get to an agreement after having the environmental
license.

Sakaguchi [ERM]: The license is given before or after EIA?

Sergio [ICE]: In the case of Pailas I, the dialogues were done after having the environmental permit;
they negotiate how they can improve the project before the project starts the development step. They
have a developer, a conservation organization and a NGO who sit to negotiate.

Hartman [ICE]: Pailas Il and Borinquen were the same.

Eddy [ICE]: It is recommendable to build such a trust relations.

Dr. Janzen [GDFCF]: The Central Government has been trying that just one formula is accepted while
ACG, in their 35 year, has been trying to prove differently. But the Central Government wants just one
protocol that can be applied anywhere without much thinking and complication.

Sakaguchi [ERM]: What about the local protocols of the local government?

Dr. Janzen [GDFCF]: If people like ICE personnel in Guanacaste, who are in the middle of the central
and local government, triumph in their projects, the Central government can see an example of
progress at the local level.

Suzuki [ERM]: How to use the results of the barcoding? Since it is the first time that is done, the
information needs to be gathered and discussed. Also, for the sake of the project’s objective, it is

necessary to understand what Biodiversity is.

Dr. Janzen [GDFCF]: Yes, he used it as an acronym of Biological Diversity in a symposium and a famous
colleague stole it.

Suzuki [ERM]: Can Dr. Janzen explain a bit of Biodiversity?

Dr. Janzen [GDFCF]: Just as it is written in the presentation and brief example of what is written.

Suzuki [ERM]: Explanation about the importance of insects in biodiversity. For the biodiversity to be
researched in an EIA, Assessment Methodology is put into place, this is explained, also the specific

species or community possibilities and finally some indexes of biodiversity are presented as a
possibility to analyze the biodiversity that might be found in the barcoding results.



Dr. Janzen [GDFCF]: Those Indexes were used 25 years ago but in reality they don’t work.
Sakaguchi [ERM]: But they are still been used?

Dr. Janzen [GDFCF]: By tradition, yes, but they are no functional.

Suzuki [ERM]: What is the most appropriate methodology to analyze the DNA results?

Dr. Janzen [GDFCF]: Depends what you ask to the data. Depends on your goal when you analyze the
insects.

Suzuki [ERM]: Example of Shannon Wieder Index presented.

Dr. Janzen [GDFCF]: This precise example shows that it doesn’t work.

Eddy [ICE]: Not an expert about biodiversity, but is the same for the geothermal variables to be
monitored during a project. Some are already identified at the beginning, some are identified during
the development of the project, and depending on the chemical reality, a decision is taken on what to
monitor. It all depends on the context where you are working. There are certain formulas but they
must be considered carefully.

Suzuki [ERM]: It was an example to see what is done in other countries.

Sakaguchi [ERM]: The important thing is not the quantity, which are presented in the example, but the
quality of the results and analysis.

Suzuki [ERM]: Are there any opinions about methodologies for the DNA analysis?

Dr. Hallwachs [GDFCF]: There is really no point in discussing this now since we don’t have the results
yet. Once we have the results and the analysis from Dr. Janzen, who will think something new, it will
be different.

Roger [ACG]: The ACG wants to benefit from this unique project, the knowledge and technology used
in it, also the interpretations that will be given by Dr. Janzen and Dr. Hallwachs who have years of
experience, and their practical conclusions for ICE and ACG.

Sakaguchi [ERM]: As consultors, we need to give results and present general data.

Suzuki [ERM]: Does ICE agrees to discuss this topic about DNA analysis in October?

ICE: Yes.



Eddy [ICE]: This investigation opens a lot of possibilities, and depending on the questions asked, ICE
and ACG will have a lot of different answers that will help them in their own practical way, so the
project itself is not being taken as a conclusive project.

Suzuki [ERM]: Dates for next commission meeting and first workshop. The meeting is decided for the
27" of October in Santa Rosa. What about the workshop? The original plan was to do it in San Jose.

Eddy [ERM]: If the workshop is done in Guanacaste, the participants can visit the project site and be
shown what is being done in the area.

Suzuki [ERM]: Possible participants include SETENA, SINAC, MINAE, CONAGEBIO, National Museum,
INBio and University of Costa Rica.

Dr. Janzen [GDFCF]: If the University of CR is invited, then the National University should be invited too.

It is decided that the Commission Meeting will be held on the 27" of October, in Santa Rosa from 8 am,
where comparative techniques for DNA analysis will be discussed and also the agenda of the workshop.
The workshop will be realized on the 1% of November in the Rincon de la Vieja new facilities. Chairs
and tables must be rented, equipment and food for the day coordinated. A list of the participant
institutions and their respective contacts was sent to ICE and ACG on September the 2", About the
analysis of trap 2: An addendum for the contract with ICE, where the new sample needs to be included,
needs to be prepared, a permit from CONAGEBIO has to be asked, signatures from ICE asked, a letter
signed by Dr. Janzen prepared, and other several steps taken. It is agreed that the procedures will start
immediately. o))



Fourth Commission Meeting, Thursday, October 27th, 2016.
Santa Rosa National Park, Guanacaste, Costa Rica

10am

Representatives of ICE, JICA, ACG, ERM and GDFCF are present.

Suzuki [ERM]: Morning. This is the fourth Commission Meeting; we are close to the end. Agenda for
today includes the progress of pilot study, the betterment of EIA and discussion for complementary
analysis. Then lunch and discussion for the agenda for the fifth Commission Meeting and the agenda
of the coming workshop. Explanation of the graph that shows the proposal for the betterment of EIA
study. The goals for today are understanding the meaning of the barcoding, the purpose of EIA and
the possibilities and constrains of the use of the data of DNA barcoding for EIA data survey. This last is
the most important issue today since refers to the betterment of EIA through this barcoding technique.
If this last point cannot be understood, its usefulness would be lost. Dr. Jansen will be explaining the
progress of the pilot study.

Dr. Janzen [GDFCF]: The last goal or question, barcoding is something to identify, like binoculars that
are used to identify something from afar. Barcoding should not be a process, not the inventory itself
which refers to the process after. This presentation has its proper report, which is written in English
for ERM. If necessary, | can translate it to Spanish. This is my third report about the analysis progress.
Remember the place where we are focusing, this geographical spot was the first place ever bought as a
National Park, which is the land directly North of Pailas Il, so its historical importance is huge. When
we speak about EIA, there are two things that come to mind. With monitoring, a static list is
elaborated, but that is not biomonitoring, since this last means that it continues, it is not just a static
list. A problem related to the use of mammals or birds, refers to the instability of the populations.
Explanation of an example of a specific mammal, a rodent, that has been monitored for 33 years in
Santa Rosa. The important issue here is that when we work with one species, these variables are
important to take into account. Explanation of the first placement of the first 9 traps. The line of traps
7, 8 and 9 is destroyed due to the new road construction but during the first two years, proper samples
were taken. The line of traps 4, 5 and 6 was also destroyed to the extension of the platform. Certain
traps were chosen, and then 2 was added. You can see the platform from the perspective of trap 2.
Now, about the barcoding progress, 136 507 specimens, with 11 135 species were identified. This kind
of research and identification are not possible with the traditional method. “5 230 unique” refers that
just one individual per species was trapped. $2.64 per insect, this was the cost today of the barcoding
work done in Canada. This is the “market cost”, subsidized by the Canada government, where
qualified students help with the whole process and the costs are reduced. Supplies and machinery are
expensive, to pay a specialist with a PhD degree is expensive. But the process is becoming cheaper. 60
000USD per trap.

Dr. Hallwachs [GDFCF]: The is experience in Canada with the use of traps in schools and other places,
but there almost no data for the Tropics due to the great biodiversity.

Dr. Jansen [GDFCF]: Here we are showing that the binoculars work. Meaning, that this process does
work for proper identification. It can be used for plants or other animals. The staff in Canada search
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for different ways to make the process cheaper. Data per week is shown with the total of species. The
species is completely mechanized using the S5 HTS sequencer machine. But, still, there is no way to
identify the species unless there is a reference library to compare the information to. Since ACG has
already send samples, they already had the information for identification. About the results, a graph
with 6 lines corresponding to 6 traps, is shown. For tramp 3, which is at the hedge of the platform at
the northwest corner, the number of species per week is shown. Then, the moment of the perforation
activity is shown. Taking into account the data on the insects, there is no evidence of the perforation
activity. This is a very healthy result for ICE. We cannot say anything about the coming years, but we
can see the instant impact of the perforation activity. On the other hand, the beginning of the rainy
season is pretty obvious, since a natural change can be perceived. If the second year of samples is
analyzed, it is probable that a similar change could be seen. When the effect of the platform wants to
be detected, the natural changes must be taken into account too. With the BIN data, the ecosystem
can be mapped. The temperature and rain averages are presented. There is no meteorological station
in Pailas Il, so since the terrain is a little more elevated, Pailas Il is going to be colder and it has more
rain that Pailas |, and this is very important data. The line representing the trap at the edge of the road
is shown, the line of the first year. It would be good to have data of the second year to compare. A
graph of species per week is shown. Next graph shows how the number of species grows as time
passes. This increase is due to a combination of species from the forest and the agroscape. These lines
do not change when the rain begins. During summer, a lot of species have a small population.

Suzuki [ERM]: Species disappear in certain times of the year?
Dr. Jansen [GDFCF]: No, there are lees in summer time, but do not completely disappear.
Sakaguchi [ERM]: And if the analysis started on a different time of year?

Dr. Hallwachs [GDFCF]: Several species hatch in rainy season, so the species increase. The information
would be exactly the same but with a different time period.

Dr. Jansen [GDFCF]: The BIN is explained and the species tree. Each group gets a BIN, which is a unique
number assigned to the group.

Sergio [ICE]: At the beginning some specimens might look like they belong to the same species, but
using the barcode process, they can be identified as a different species...

Dr. Jansen [GDFCF]: Yes, exactly.
Dr. Hallwachs [GDFCF]: Barcoding helps to identify them in a more specific way.

Dr. Jansen with occasional help of Dr. Hallwachs [GDFCF]: With barcoding, they can check each
specimen to check their respective species. An example is presented, where one of the best
taxonomist ever known, who already passes away, studied during all his career, a certain group of
insects and identified them all as belonging to the same species, but turns out they are different

2



species. If one has no BIN is because their barcode was too short and the machine was not able to
assign a BIN. If someone in other country puts their data, they can identify the specimen thanks to the
information in the data base, without needing to perform a detailed taxonomy. Species from the dry
and from the rainy forest. There was a list of tasks to be analyzed. Contrasting the traps inside the
forest, we need to remember that Pailas was never a primary forest but was perturbed a long, long
time ago by a volcanic explosion. This traps inside the forest, the beginning of rainy season is very
visible. The ecologist use the term “old growth”, which means that has years and years without
perturbation, since the use of the word primary is no accurate. Climax would be sort of original state,
and this term comes from sites of the world where they have only few species, especially on the
northern side of the word, so it is no useful to be used in tropical environments. Back to the slide, if
these data change during time, during several years, we might be able to properly asses the influence
of the platform, but if we also take into account the weather data, it might turn out that the changes
are related to the climate change and not the platform. Circular graph showing the tree traps inside
the forest show the convergence percentage. As time passes by, all will converge. The composition of
the traps has a big percentage of flies, which most put eggs in stems in plants and that forms a tumor
in the plant. Each specific species of fly uses a specific species of plant, so it can be a measurement for
plants diversity. These flies, during their adult life, they don’t eat anything and live just for some days,
while in their larva stage, they can live up to several months or even years. The flies (Cecidiomyiidae
family) are most common group, followed by ants, parasitic wasps, weevils, and then other kinds of
parasitic flies and wasps. That is the mix that was found in traps 1, 6 and 9. The first step, to get a
baseline of the undergrowth, was successful. Now, we can ask to the data of the other years if there
has been change. Trap 3 was placed since 2013. All traps were synchronized at least a whole year.
After 2015, there were changes due to the new road and the extension of the platform. It was
necessary to move the trap a couple of meters inside because it was destroyed when the fence was put
into place, so a week of samples was lost. Trap 4 was also moved, trap 6 and 1 remain inside the park.
Trap 3 in contrast to traps 4 and 7, this last at the edge of the road. At the edge of the road the
vegetation is as if it is inside a greenhouse since thanks to the dust, there are no larva eating the
vegetation, so it in very good shape. When you compare all the analyzed traps, half of all the species
were found in trap 3, which is not part of the undergrowth. The round diagram, it shows the overlap
between all traps and it can be seen that half corresponds to trap 3. The yellow color in the diagram
represents trap 3 and the place that is only in yellow represent the unique species of trap 3. The
unique colors in the diagram that do not connect to other traps, represent the unique species that fell
in each trap, and the biggest one is trap 3. When the lines connect between traps in this diagram, the
fattest line corresponds to the yellow one, to trap 3. When species increased in trap 3, the most
common family was not the one that increased, but something else. The depredators were that ones
that increased, meaning parasitic flies and wasps. Inside the forest, they are very few. But in the
platforms, the depredators and parasites are found in great numbers. When the platform was created,
when an open space was created, the conditions of the agroscape were brought to that area. The
canopy also was changed. Open spaces like the agroscape crate a rain of insects that falls in the forest
and there, they die. But the platform has the environment of a paddock were those insects from the
agroscape survive. The platform becomes a refuge for those insects and they do not die.

Sergio [ICE]: Are there studies about what happens when a clear space in the forest is opened?
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Dr. Jansen [GDFCF]: Only at a minor level.
Alejandro [ACG]: Depredators and prey, both fall?

Dr. Jansen [GDFCF]: The prey, yes, but not in such great numbers. The third important change source
was the road which was thought to be a way for the “paddock”. There is no way to discriminate
between the insects that come through the road and those that fall into the forest. The plants in this
sector are not plants from the undergrowth, but from the paddock environment, so it has become a
small paddock like environment. According to those who research birds, this kind of environment is
chosen by birds to put their nest in places like this to feed on the insects, but also, predators that feed
on the birds’ nets, increases. About traps 4 and 5, the situation is known, the placement and the
results were an accident. As far as they can tell and see by bare eye, trap 5 is very similar to trap 3.
The edge of the road in 2013 didn’t have much vegetation, but now it has recovered and looks the
same as inside the forest.

Sergio [ICE]: How much influence does the outline of the road has?
Dr. Jansen [GDFCF]: Partially, is similar to trap 3.

Dr. Hallwachs [GDFCF]: Traps have their respective walls, the traps are not funnels, and they also have
different orientations that affect the light, which in turn is important

Dr. Jansen [GDFCF]: About cutting costs, what happens if we reduce the samples and instead of taking
one per week, we take one each other week? The data line remains the same. Then, a sample per
month is almost the same too. But, if instead of taking the first week of the month, like in the previous
example, we take the third week of the month, the line looks even, with no changes, with no indication
of the beginning of the rainy season. The cheapest way is not to use less samples, but the reality is that
the technology is becoming cheaper. If samples are taken away, a lot of important information is lost.
Same question, but this time with number of specimens and not species. The same thing happens; the
line looks even. Now, about the contrast between Santa Rosa and Pailas, the overlap occurs with 209
species with the tree traps in Pailas and one in Santa Rosa, meaning that it is less than 1%. There is no
way to ask how unique the forest in Pailas is, since the site where PL12 is located is a big intersection
between dry forest and rainy forest, meaning that PL12 is in the middle of the two ecosystems. If ACG
is taken as a whole block, the overlap is 11%. The investigation of ants in ACG has identified 527
species and in the PL 12 site alone, 136 of those can be found. About other kinds of traps, the yellow
trap that is filled with soapy water is other option, but requires a lot more work since it has to be
changed every day, whereas the Mailase trap can be changed just once a week. The intersection trap
is a plastic that is like a window where the insects crash and fall into a recipient; this one works mostly
for beetles. Also, to put Malaise traps in the forest canopy could be interesting to contrast with those
in the ground. Then, using pig feces with a cup on the ground, other insects can be caught. This last
method is being used all around ACG with also rotten fruits and others to attract what is known as
buzzard insects. All these traps could be used at the same time as the Mailase trap, and would be the
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ideal situation if the resources and time were at hand. There are also samples taken from leaf trash
that were taken during 3 years. To finalize, the analysis of a year of the samples equals to take a
picture of the situation of the site. In order to measure the impact of the project, the biomonitoring
and the sample analysis must continue. An example of the use is the barcoding of the jaguars’ feces,
and thank to this, 3 species of jaguars have been discovered from the north of Mexico to Colombia.
Suzuki [ERM]: Maybe this was a difficult talk, but questions or comments are welcome.

Randall [ICE]: To complement the analysis, what could be gained from traps put into the forest
canopy?

Dr. Jansen [GDFCF]: Two different environments can be sampled, the ground and the canopy, and
different changes or contamination can be measured.

Randall [ICE]: For example, the vapor plume...
Dr. Jansen [GDFCF]: Exactly, different ubications give different data.

Roger [ACG]: In an ideal world, if we could start from zero, the best option would be to use the Malaise
traps on the ground and on the canopy, and the leaf trash.

Dr. Jansen [GDFCF]: In an ideal world, yes. | would add the yellow trap.

Roger [ACG]: In the future, if we think about a project in a National Park, we could use all that to have
better measurements, since we already saw that the vapor in PL12 did affect the surrounding
vegetation.

Dr. Jansen [GDFCF]: Yes, also taking into account that in the future to cost per sample will keep down.
Suzuki [ERM]: More comments? Quickly showing the raw data of DNA barcoding.

Dr. Jansen [GDFCF]: Remember that here, there are two specimens with the same BIN, but in the other
column, each insect of the 140 thousand, has its own code. This number is a scientific number, and a
taxonomist in the future can know that there are 5 specimens that describe the species. Then, there is
also information about the trap and the date.

Suzuki [ERM]: That is the result of the investigation in the university in Canada.

Dr. Jansen [GDFCF]: The 2.64USD are the cost of the process in the university.

Suzuki [ERM]: We need to review the information of this morning, but first lunch.

Afternoon session, 1 pm




Suzuki [ERM]: Comments or expectations about any of the topics so far?

Randall [ICE]: The advance of the project so far has let us know how can the barcoding can be used,
that it is an instrument not an end. The way the information is being used is interesting, since I'm not a
biologist, | didn’t know what kind of data could be obtained, but now we do.

Roger [ACG]: The future of the integration of new technologies, such as barcoding, in very complex
place such as a tropical forest, can be seen. This is more than just a project, since it includes science,
biodiversity and conservation, and this is very important.

Alejandro [ACG]: It adds another level of understanding the ecology and complements the base line
that SETENA has. Ecology and understanding of the system is added.

Eddy [ICE]: Interesting and clear the explanation, the graphs were great help. It is understood that this
refers to a methodological range, so now the challenge is to focus the application of the methodology
according to needs at hand. How can we value the methodology in reality? This is going to be the
essence, in order to understand our processes in the future, is going to be an important step for future
investigations.

Sergio [ICE]: Even though they are preliminary data, we can see the perturbation effect and we can see
how far the perturbation reaches. We can already see a mark of the platform in the forest and the
interaction between them.

Suzuki [ERM]: Still need to examine more in detail how this technique can be used and what it is about.
We need to look in detail the data and how it can be used in the system. We need to look for the
answer, there are so any points that would like to be shared, so please share comments or thoughts.
The afternoon will be divided in two phases: first, the work of ERM since the last Commission Meeting,
and then discuss the agenda of the workshop and the next meeting. A review of the SEA and the EIA
application. SEA not in Japan, but applied in the USA. During the scoping phase, the survey would be
designed and decide the kind of EIA. Comments from the public are received relating these documents.

Eddy [ICE]: Different rules here, meaning that the comments are received in a different moment.

Suzuki [ERM]: The process from several countries were explained, and Mexico was included. EIA is a
requirement, no SEA, for the scoping stage, the TOR and other documents are prepared by competent
authorities. No guidelines for ecological survey, for the assessment methodology they use important
species, sensitive areas and migratory routes. No insect survey and no monitoring. Japan is the country
that recollects information about insects. A review of the comparison between countries. Assessment
Methodology. EIA purpose mentioned, planning stage phases, construction phase, monitoring during
the construction/operation stage. In this process we are trying to implement the DNA barcoding. It is
important that in the monitoring part, we need to know what are we going to monitor, otherwise, it
would be meaningless



Eddy [ICE]: That is one of the problems, because even if a methodology is implemented, we need to
know the real needs.

Suzuki [ERM]: Purpose and subject for monitoring. Challenge of the project is the effectiveness of the
methodology for EIA. Biodiversity review. How can we assess the impact of biology? Technical
assessment? In the EIA there are usually two ways for the biological assessment. The one that focuses
in specific species, and then the one that takes community as a whole. The one that is normally
conducted in EIA is the one related to specific species, some might use the one that analyses the
community. If a species is endangered or is the indicator for a specific kind of environment, it is an
indicator species. The monitoring program must be designed accordingly to the chosen species.

Sakaguchi [ERM]: The idea is that the umbrella species covers those other species under it.

Suzuki [ERM]: It is an efficient method; it is cheaper, easier to understand. But, the ecosystem is not
fully understood and other species are ignored. The insects are not taken into account for this
methodology for several reasons. About the use of the DNA data, comments?

Eddy [ICE]: It has a practical use. Registration and monitoring is different.

Suzuki [ERM]: With the DNA barcoding several samples can be identified. @ Comparison of
methodologies of regular EIA assessment and with the use of barcoding. Advantages of the
conventional method are explained. Then advantages of the DNA barcoding are explained.

Dr. Jansen [GDFCF]: To catch and to separate insects manually is a waste of time, the Malaise traps are
more efficient. Other indexes measure how many species are and the relative abundance, these two
things are combined and a valor is given. It is a number, seems to be very scientific, but it is not
practical. It is bad policy for the public since a lot of numbers and scientific phrases are used. If it is an
index that uses real values, not formulas, then they could be useful, but not the known ones that tend
to be very confusing. A project like Pailas Il needs to be located in its own context without comparing it
to other places. ICE, in their projects, needs to have a team of people that can prepare the
adjustments that the projects might need, biologist who really know what the ICE needs and who really
comprehend the situation of the place where the project takes place.

Dr. Hallwachs [GDFCF]: A lot of the monitoring methods come from the north, where the ecosystems
are very different than the ecosystems in the tropics. Most of methodologies are biased since they
were created in a very different place.

Sakaguchi [ERM]: As part of our job, we need to confirm and explain all the different possibilities.

Suzuki [ERM]: Asses a change. Measure the change of the community? If next year there is change,
how do we measure it?



Dr. Jansen [GDFCF]: With next year numbers and data. A Shannon-Wiener is not going to help here.
We can talk with this data with number of species. You look the ones that are related and those that
aren’t. With the data we can see the species and numbers. If something changes next year, then we
can detect a problem. Calculating an index, is not going to give you any useful data...

Discussion about methodologies and indexes continues for a moment.

Eddy [ICE]: We understand the discussion, but what is the point of it?

Suzuki [ERM]: The assessment methodology is not decided yet.

Eddy [ICE]: Of course, we know that since there are several points of view.
Several people talking at the same time about the method.

Alejandro [ACG]: The discussion is not about to choose one or another method.

Suzuki [ERM]: The point is of the meaning of the DNA barcoding data, and how to use it, and that we all
need to agree on that.

Dr. Jansen [GDFCF]: The first thing was to show if there was impact during the first year, and now we
can see that there is no impact. Then, to check with the data of other years what is happening. The
intention is not to analyze just one year, this is why the monitoring continued for several years

Eddy [ICE]: This is a tool and it can be used in a lot of ways, correct and incorrect ways. There is not a
bad or dangerous method, the bad thing is to not understand the scope and where it is used. When a
monitoring program is put together, different variables to monitor are chosen, and these variables are
chosen from an environment that is already pre-established.

Suzuki [ERM]: The reason we discuss this, is that there are several ways to analyze the data of the
barcode, and also advantages and disadvantages.

Randall [ICE]: This methodology can be used in more complex contexts that require more information.

Sergio [ICE]: The point is not to use or not to use barcoding, but to decide if we use insects. The
relevance of the use can change. What we need to make clear is if the use of insects is going to
improve the EIA.

Dr. Jansen [GDFCF]: The barcoding is like a thermometer, the point is how we use the thermometer,
and as of today, ICE can say, according to the numeric data, that they are not disturbing a Heritage Site,
50 meters from their project. And, just as a thermometer, if they just measure once, there is not a lot
to tell, but if they measure several times, they would be able to say a lot.



Sergio [ICE]: Now we could talk about a buffer zone regarding the Heritage Zone.

Dr. Jansen [GDFCF]: The “buffer zone” is a word that conservationists like to use; we are talking about
the biological scope of the site.

Suzuki [ERM]: No conclusion yet about DNA barcoding, to be researched. Agenda for the workshop. 8
am to visit PL 12.

Sergio [ICE]: Meet up in the National Park.

Suzuki [ERM]: Ok, meet there and then go to the project site.

Dr. Jansen [GDFCF]: The schedule is different from the invitation sent. The visit to the project site is
the most important part. For JICA and ERM is to overreach to tell ICE how to improve things. We are
offering options, other methodologies. There is no relation for Mexico or other countries. In the

agenda, it is better to dedicate the time to the process and explanation of what is being done.

Discussion of the agenda and the contents to be shared in the workshop follows, and some changes
are made.

Hartman [ICE]: Recommendation: Not to share information of other countries, but about Japan and the
insect survey there.

Sergio [ICE]: Recommendation: people who already know the site to remain in Rincon de la Vieja while
those who are not familiar with the site, go to the Pailas project.

Coffee break
Suzuki [ERM]: Confirmation for this and next workshop agendas.

Hartman [ICE]: There is no point discussing the agenda with all the participants since they are not
related. If it is ready, sent it through email before that day.

Suzuki [ERM]: A proposal will be send. Total of participants is 45 of several institutions. Next
commission meeting at the end of February?

Dr. Jansen [GDFCF]: Have it on the 20" or 21 because afterwards would be difficult.

Discussion about the availability of Dr. Jansen for commission meeting and workshop. 20" for the
commission meeting and workshop on the 23" on Guanacaste.



Suzuki [ERM]: Goals for the day, if we did understand the data of DNA barcoding, understand the
purpose of EIA survey and what kind of survey/assessment is normally conducted, understand the
possibility and constrain of use of the data of DNA barcoding for EIA survey.

Yes, understood.

el
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Fifth Commission Meeting, Wednesday, February 22nd, 2017.
ACG Liberia Office, Guanacaste, Costa Rica

9:45 am

Representatives of ICE, JICA, ACG, ERM and GDFCF are present.

Suzuki [ERM]: Morning. Final Commission Meeting. Thanks for all the collaboration. Discuss final
findings, some which are very interesting from the pilot study. Potential for the improvement for EIA
methodology. Today’s agenda. History of the project so far related to Commission Meetings and
Workshops. Presentation by Dr. Janzen.

Dr. Janzen [GDFCF]: Spanish or English?
Spanish

Dr. Janzen [GDFCF]: This presentation is the one that | will be using tomorrow in the workshop so any
comments are welcome. For GDFCEF, this is the topic: Biomonitoring with insects to perceive the impact
of geothermal development in the margin of an UNESCO Natural Site of World Heritage in Costa Rica.
Not as members of the government or consulters. Even when Costa Rica is small in territory, it has 4%
of biodiversity worldwide, which represents all North America. ACG has 65% percent of biodiversity of
Costa Rica, and 2.6% in the world. ACG covers 1,650 km2. 150 people working for biodevelopment,
the geothermal project is another one of many. Is the only National Park that has development
(biodevelopment) in the entrance. ACG and GDFCF has a protocol to know and measure the impact of
the geothermal platform and its road, in a tropical sensible and protected forest. ICE and JICA have
helped with this, with ERM. The start that marks the place of PL 12 in the map, is right south to the first
plot of land bought for conservation. The life zone where PL12 is, relates to the coffee sites, much of
them without forest anymore. The geothermal resource is hundreds of megawatts, 2-3km under ACG. In
the future, the park might not be protected, so now that we have conscience to protect, we need to act.
So, the question is how to extract with minimum impact, then how to measure the collateral impact, and
how to mitigate it and compensate. The forest that was there before the platform was used for timber.
Map of the platform and the traps, and the change nowadays. Traps 1 and 6 are inside the park. People
say that the forest next to PL12 is Dry Forest, which is incorrect, because it is actually an intersection
between Dry and Rainy. Insects represent thousands of species and we can use that biodiversity, put it to
work. Of course, we can use big mammals, but is impossible to interpret the impact with the behavior of
these animals. The same occurs with small mammals. Two important but very different questions: what
is the impact of the clearing, and what is the impact of the perforation. People are concerned about not
having data before the clearing started. The Malaise trap is the equivalent to a meteorological station,
with the difference that each insect is different. Explanation of other kind traps is given and a question
rose, which is more useful? Each different trap is used for some specific kind of insects, the sample is
not representative. There are other samples from 3 years ago, where samples were taken from the leaves
litter. Back to the Malaise traps, the taken samples are shown, the process to send and analyze them, etc.
When the insect is diminutive, instead of using just a leg, they use the whole insect. 144,994 insects and
11,385 species. The DNA barcode is a word of 600 letters that has only 4 different letters. Of 15
thousand species, only 3 insects of different species share the same barcode. BIN assignment, done by
the machine. When there is s relation between certain insects, like parasites, that information is also
found in the data base. DNA Barcoding Part of UN Biodiversity Strategic Plan. Decision ratified Dec.
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19, 2016 international support for DNA barcoding the Barcode of Life Network, the Global Taxonomy
Initiative and other DNA barcoding applications. From 7 traps, the total of insects was 144,994, with
11,385 species, 7,400 just in one trap, 91% successfully 1Ded. Relation between the rains and the insects,
and then between their life cycle; to understand the quantity of insects. This is a normal cycle, we also
see it in the traps inside ACG. We are trying to find the patterns from the data collected. Other way to
look at the data, is the accumulation of species during the year, which increases as time progresses. Rain
starts and the increment is more visible, then in the increment curve stabilizes again, rain increment, the
curve peaks. Meteorological station only in Pailas I, not Pailas I, so that data regarding the change of
weather, is from Pailas 1. About the data before the project, it might be assumed that a base line data
cannot be made, but then the traps inside in the forest (150m from platform) can be used to create one
since the data between them is very similar. About the time of perforation, the data shows that there was
not impact during that time. About trap 2, 50m from platform, is the same as the ones 150m from the
platform. So, if we assume that those at 150m distance are the base line, then everything is “normal” at
50m. It would be best to analyze the other ones at 50m distance. Now, is PL12 special in some way?
PL12 has 11,385 species, the rainy forest has 7,032, the dry forest has 5,668. Only 131 shared between
rainy and dry, and 199 shared between PL12, dry, and rainy. 1462 shared between dry forest and PL12,
897 shared between rainy forest and PL12. The 199 in common is mostly composed by flies. Another
comparison, 527 of ants in ACG, and 279 in PL12, in common 136, 142 not known were found in PL12,
so there is something special about PL12. Now, about trap 3, there is an enormous difference in
comparison to the others. Perforation is not evident in trap 3, even when it is in the margin. At least half
of the species found in the other traps was found in trap 3, and more than 5,000 were only found in PL12.
So, which are those species? Parasites and scavengers. These kind of insects, in the inside traps were
around two. Explanation of Malaise Trap. Insect is also searching the light. Trap 4 was moved next to
trap 5, but trap 4 was directed to the shadow, while 5 was directed to the light. In resume, trap 4 became
a trap with similar conditions of the traps inside the forest. The margin turned out to have different
conditions depending on the light. The margin present the same conditions as paddocks for insects and
plants, so several parasites and scavengers that are not found in the forest but in paddock environments,
are now found in the margins of PL12 brought by the wind. Other insects such as the Blackfly
(Simuliidae) were also found, 6 species. They sting not only humans but other animals and birds, this
was found since it was asked to Guelph University to barcode the contents of the stomach of the
specimens of the found Blackflies. To study species, it is necessary to not only go inside the forest, but
also the margin that becomes a microecosystem. The road and the platform is a footprint that can be
controlled. How can the hole be sealed? To isolate the platform, to plant certain trees in the margin, like
mangos, which produce a very good shadow similar to the one inside the forest, can be a good way to
seal the footprint. ICE and ACG agree that they need to work together, a process that is being
developed. To extract, to measure, to know, to compensate; not to fight with the industry and developers
but to think together and be partners. Invitation to the ICE biologist to improve this relationship and
knowledge. Regarding the results, the important thing is the collaboration between different government,
public and private institutions. Several recommendations given. Final estimate of 1 187 300USD for two
years for continuing the monitoring.

Sakaguchi [ERM]: The overlap species. Many species, some might be found only in a specific area,
correct?

Dr. Janzen [GDFCF]: Some of them are, but we are dealing with thousands.
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Dr. Hallwachs [GDFCF]: Some are.
Sakaguchi [ERM]: Since there are specific species, should there be a record of DNA data?
Dr. Hallwachs [GDFCF]: Ideally, but it is not possible.

Dr. Janzen [GDFCF]: Sometimes there could be a peak of certain species, but that doesn’t mean that it is
special to that place.

Hasegawa [JICA]: Traps used for base line inside the forest, and then number 2 with no impact. What
about trap 3?

Dr. Janzen [GDFCF]: PL12 is attractive for other insects that are not usually in the forest, so there is a
mix. Trap 4 was turned around. When platform was moved, trap 5 started to behave like trap 3.

Hasegawa [JICA]: We don’t know if the impact really doesn’t go to 50m?

Dr. Janzen [GDFCF]: There are other two traps there waiting for the analysis.

Hasegawa [JICA]: How long to get some sort of template?

Dr. Janzen [GDFCF]: Three years.

Hasegawa [JICA]: Documents about this?

Dr. Janzen [GDFCF]: No, nobody has done this before.

Hasegawa [JICA]: If we could have a template dynamics to compare for the purpose of EIA or others.
Dr. Hallwachs [GDFCF]: Three years is a possibility.

Dr. Janzen [GDFCF]: Explanation of trap 7.

Coffee Break

11:55 am

Suzuki [ERM]: Presentation of the analysis done by ERM, focusing in EIA. Impacts on insects from the
Geothermal Development. A matrix of expected impact on the insect community was created, that
include, sun light, night light, dust, noise and others. Expected impact in the different traps is explained.
The approach for the assessment was: data organization at order level, data organization for each trap
(order level), analysis on potential impact (order level), analysis on potential impact (family level). Step
1. data organization at order level, the dominant orders were Diptera, Hymenoptera, Coleoptera,
Lepidoptera and Hemiptera. Step 2: data organization at each trap, where change in the insect

community is shown by order by trap. Step 3: analysis on potential impact, the change in number of
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species throughout the year is shown. Traps at Om and at 150m are shown in a graph, then by number of
species and number of specimens, except trap 3. Trap 7 shows a slower change than other traps. The
rainy season is clearly seen in the other traps, but not in trap 7. In trap 7 the number of Diptera didn’t
increase when the rainy season starts, while they did increase in the other traps; same in the number in
specimens. Shannon-Weiner Index and Simpson Index were used to detect the change in the insect
community. Graphs with more specific information on the Shannon-Wiener results are shown. Graphs
focusing in Diptera, highlighting trap 7, same Coleoptera and Hemiptera. Step 4: analysis on potential
impact, where changes in families by selected orders are shown. More than 100 BINs during a year to
choose that particular family.

Sakaguchi [ERM]: Diptera, it can be seen that in trap 7, the numbers are smaller than other traps.

Suzuki [ERM]: Graphs of Diptera with changes in species and specimens are shown, pointing out that
trap 7 recovers very slowly.

Dr. Hallwachs [GDFCF]: Pretty graphs, but, Sciridae are scavengers so they come late in rainy season,
and Cecidomyiae come in early rainy season searching flowers and others.

Suzuki [ERM]: Cecidomyiidae, examples from traps 7 and 9. These insects have a very short life cycle,
one month, but they are found all year around, and increases during rainy season, shown in trap 9, but
this doesn’t occur in trap 7. These insects depend on leaves to put their eggs and they remain in the same
area. Graphs for Coleoptera and Hemiptera. The access road seems to have environmental effects in
Diptera, and since they have known life cycles, they could help to understand the effects during a year.
Cecidomyiidae and others’ samples are smaller in trap 7 than other traps. Dust could be affecting these
and other insects, so it is recommended to analysis 2™ and 3" year data.

Dr. Janzen [GDFCF]: Trap 7 is located in an ecosystem that was half destroyed by a road, specifically.
Roger [ACG]: Then, how can the impact of the road be reduced?

Dr. Janzen [GDFCF]: It helps if the road is very narrow.

Roger [ACG]: And to asphalt the road.

Alejandro [ACG]: The year of the sample was very dry, so in a normal year there might be no impact.
Suzuki [ERM]: Comments?

Randall [ICE]: If dust is the problem, measures can be taken.

Dr. Janzen [GDFCF]: A certain picture should be removed since it doesn’t show truthfully the
environment.

Sakaguchi [ERM]: Picture taken yesterday.



Dr. Hallwachs [GDFCF]: It is not accurate.

Randall [ICE]: Using this study, what are the impacts globally and what can be done to repair the
damage done?

Suzuki [ERM]: More information needed, right now only speculation.
Randall [ICE]: Impact mitigation.
Roger [ACG]: Plans can be made having the proper data.

Eddy [ICE]: About the road, what does is mean to asphalt a road? It has been proven that in our
environment (Costa Rica environment) it is not useful to have ballast roads, so from the beginning such
an investment can be justified. We can optimize processes integrating needs of different areas.

Randall [ICE]: Taking into account the sensibility of the area.

Dr. Hallwachs [GDFCF]: You could emphasize that only trap 7 is the one affected by the dust from all
the area.

Yes.

Suzuki [ERM]: Findings show that using flying insects can be used for impact analysis since 90% of
insects are flying insects, it has representativeness. Using Malaise Traps and DNA barcoding, species
and specimens can be effectively and precisely identified, and even some species could be used as
indicator species, especially if they depend on certain environment or plant.

Dr. Janzen [GDFCF]: A perfect example of specific habitat can be seen in this project since we have
been able to identify species that depend on certain conditions.

Randall [ICE]: Before the insects on the ground were a concern, but since 90% are flying insects, is ok.

Suzuki [ERM]: By using these tools, an assessment can be made, the insect community can be used as a
quantitate method. In the case of the Malaise Trap, the position is very important. Can an impact
indicator be identified? Composition of insect community or specific orders/families/species. Seasonal
change of insect community must also be taken into account.

Roger [ACG]: Not only the changes in the insect community, but also climate changes.

Dr. Janzen [GDFCF]: The influence regarding the position of the traps was true at the beginning, now
we know about it and are more careful. Do not agree that we do not know kind or how much impact,
since we didn’t see any change in the traps inside the forest. We don’t need to invent an impact indicator
since we already have it, is change, change in the insect community. Instead of necessity of more
analysis, we should consider the desirability of the analysis. Unknown/rare species is incorrect, since
95% of insects don’t have scientific name, and then we don’t know what is rare. “For the purpose of
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EIA, it may not be necessary to try to collect all species” We are not doing that, anyway. To do
monitoring, you catch what you catch.

Dr. Hallwachs with help of Dr. Janzen [GDFCF]: For Singleton BIN, most of the time we don’t know
anything, but some other times we do know and we get very valuable information. In the case of aquatic
insects, they have a long tradition as entomologist and they do have indicator species since they have
collected a lot of insects to know if the rivers are clean or not. The indicator is a list of the species, of the
composition of the community of insects.

Randall [ICE]: It could be and indicator regarding the base line environmental quality before the project.
The monitoring could continue and changes could be detected, and then the project itself could be
updated depending on the changes seen.

Miguel [ICE]: When you refer to the impact indicator, are you talking about an umbrella species that
could be used to find other species under it that could show environmental impact?

Suzuki [ERM]: No, the advantage of using this tool is that it can measure very sensitive change.

Eddy [ICE]: This part that we are discussing, does it have any sense? As Dr. Janzen said, the impact of
the project was seen during this study. So, what sense do the final propositions have?

Suzuki [ERM]: Since we are trying to improve EIA methodology, we need to define a clear approach to
measure the impact. To know what to look in the data and what kind of change is there.

Dr. Janzen [GDFCF]: Do not agree. Outside the platform, we didn’t see change, but we did in the
margin, so we need to do something about the margin, we need to stop the increase of the paddock like
environment, that is represented by the platform.

Eddy [ICE]: Then, if we can identify the impact as some kind of paddock we can also measure the
affectation. If we determine what kind of impact and how much impact, decisions can be made and that
is the final meaning of this project.

Dr. Janzen [GDFCF]: To understand how the edge expands into the forest, let’s think that a tree falls
next to the platform and the insects, seeds and others move to that open space, and the process continues
until the forest is a paddock.

Eddy [ICE]: One of the reasons for this nonrefundable technical assistance is to know if the activities
have a very small or a lot of impact. There is a lot of speculation around the site, so it is very important
to have as much information as possible, so we need all the variables to determinate the affectation and
to mitigate it.

Suzuki [ERM]: We have one year data, so do we have seasonal change, or impact from the project, what
is the base line condition and how many catchable species are there? We need at least a couple more
years to answer those questions.



Dr. Janzen [GDFCF]: That was exactly the plan when we started in 2013.

Hasegawa [JICA]: We are not doing ordinary impact assessment. In this geothermal development, |
don’t see any impact. Instead of analyze impact, we are trying to learn ecological responses from the
geothermal project, and these are very dynamic. This is why we were talking about indicators, and the
insect community can be one as an ecological response. We normally cannot have ecological responses
from regular developments, but this development is located in a very important ecological area in Costa
Rica. If we continue this biomonitoring, we can measure the recovery of the environment.

Dr. Janzen [GDFCF]: Right now, we are not doing nothing to contain the paddock and its organisms. |
do not know of something that can be done fast, any kind of natural shade is going to take time. Don’t
want to suggest, but we need to be ready for it since someone is going to suggest it. Why not use
pesticide in the margin? The samples for the other 2 years are ready in the freezer of what happened
when we were doing nothing. By the third year we might find that some of the insects that were in the
margin are inside (150m).

Miguel [ICE]: The suggestion to create a shadow in the margin could be implemented in a section of it
and then see what happens with the different species.

Dr. Janzen [GDFCF]: The problem is to find the appropriate species (of tree) that can adapt to the place
and give the desirable shadow.

Suzuki [ERM]: Let’s continue the discussion after lunch.

Afternoon session, 2pm

Suzuki [ERM]: The pilot study show potential for quantitative assessment, to detect sensitive impact
(sensitive areas) and to show impact boundaries. The challenges relate that the site is a protected area, a
World Heritage from UNESCO, Strategic Environmental Impact Assessment and consultation with
stakeholder. Comments?

Dr. Janzen [GDFCF]: Margin of a Protected Area. Then, some day in the future, the government might
allow the developers to go inside the Protected Areas, and now we are prepared for that with this study,
which is interesting, but we can now say what might happen.

Suzuki [ERM]: Comments from ICE?

Miguel [ICE]: What Dr. Janzen commented.

Randall [ICE]: This kind of study influence in the rate that is set, the cost of transmission, and people
usually don’t know and just complain.

Dr. Janzen [GDFCF]: Not just consultation, but also collaboration with stakeholders.

Miguel [ICE]: The proper word to use is participation, consultation is a form of participation.
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Dr. Janzen [GDFCF]: We are focused to measure something already done, but one component should be
where to put the platform because that is an easy way to avoid damage, it is something that can be used
for the future.

Miguel [ICE]: Regarding the last comment, the decisions and studies about where to put a platform are
already included in some sort of way, but it is important to put this forth.

Dr. Janzen [GDFCF]: Yes, and also to include in the decisions engineers and biological experts (of the
area of interest)

Miguel [ICE]: Environmental, social, biological, legal restrictions, all of that is analyzed and indicates
where the project can be placed.

Roger [ACG]: All those studies are made, but we are in a new phase where the model can be better
adjusted.

Eddy [ICE]: When we integrate this as part of our developments, it can be a model for other developers
(public or private).

Dr. Janzen [GDFCF]: When a patient needs a procedure to be done, the doctor wonders where to cut that
causes the less damage and complications. The project (Pailas 11, PL12) is the patient and you are the
doctors.

Eddy [ICE]: We want to create a new level of conscience.

Miguel [ICE]: The first phase of any project is the identification, the second one the clearing and
outlines of the project to have the best options.

Suzuki [ERM]: The use of these tools can also help determine where to put other platforms. Options for
next steps in short, medium and long term.

Dr. Janzen [GDFCF]: Next step for SAPI?

Suzuki [ERM]: Mostly recommendations for ICE in their Geothermal Developments.
Dr. Janzen [GDFCF]: But then ICE is the one who decides.

Sakaguchi [ERM]: We must put a suggestion in the report.

Dr. Janzen [GDFCF]: Want to understand who is going to do what in the future.
Suzuki [ERM]: A proposal is presented to move forward and not waste the results.

Dr. Janzen [GDFCF]: But who is paying for all that? (proposal, suggestions, etc.)
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Suzuki [ERM]: Don’t know.

Sakaguchi [ERM]: Maybe is better that ICE decides all this.

Dr. Janzen [GDFCF]: What about the budget?

Suzuki [ERM]: This is just a proposal of what can be done with the results of the SAPI.

Dr. Janzen [GDFCF]: The database can be done anywhere, because it is in the internet, the country
disappears, so there is no need to suggest management of it.

Sakaguchi [ERM]: ICE might want to be have their own data base for their own studies and their own
management.

Dr. Janzen [GDFCF]: But is available in the internet.
Alejandro [ACG]: Maybe the question is not about management but who uses it and if there are
knowledgeable people to use the data. Whatever data you have in BOLD, is public for everybody, the

question is how to used it.

Sakaguchi [ERM]: In the future, you might have other projects and data and you might want to manage
that yourselves.

Alejandro [ACG]: What for? The country has different links to different kinds of information.

Dr. Janzen [GDFCF]: Use the data, not manage because nobody owns the data. It was agreed that it will
be public.

Suzuki [ERM]: For this SAPI project yes, but in the future, something might change.
Alejandro [ACG]: So, should we have a copy of the data?

[ERM] No, but in the future, something might change with other projects, and the availability of the data
might change.

Suzuki [ERM]: Comments from ICE?
Eddy [ICE]: This is proposal for the future that might be evaluated.

Miguel [ICE]: If we already have a data base, we can create links to it, no need to create and manage
another data base.

Dr. Janzen [GDFCF]: An important point is that BOLD doesn’t accept data if you do not agree that it
will be public.



Suzuki [ERM]: Now, about ,edium term possible steps. Any final comments? Ideas for mitigation plan
for Pailas and Borinquen?

Eddy [ICE]: Focusing in the results of this SAPI?
Suzuki [ERM]: In general.

Sergio [ICE]: There is a whole reforestation plan that already began in Pailas I, and to further plan that,
they would use what have been done in Miravalles.

Eddy [ICE]: All the efforts to work environmentally responsible, is a process that is not finished yet.
The compromise of continue improvement is not about following a set of rules, but is a compromise
related to environmental conservation. This is why the scoping (of this particular project) was proposed
to JICA. This study has given us a better knowledge about future projects, is a process in development.

[ERM] Do you believe that DNA barcoding would be useful?

Eddy [ICE]: The more technologies are used in the business, the more information we get. DNA
barcoding is another tool alongside the insects. With the little information that we have so far, we can
see new elements which allows us to take decisions, it is a tool that helps us to achieve an objective.

Roger [ACG]: As an experience, the barcoding has been something new for ICE’s biologist along with
the use of insects. As an example, we can see that the barcoding of the blood of a fly that stings several
animals, can tells us which animals can be found in the whole area, and that is a sub product of the
whole process.

Dr. Janzen [GDFCF]: The Malaise Trap shouldn’t be a target. If there is money, other traps can be used.
Suzuki [ERM]: This is like a shopping list to try to decide what is going to be used.

Dr. Janzen [GDFCF]: This list is not realistic. About the seasonal change of the insect community, this
is not done using indicator species. Indicator species for Geothermal Project makes no sense, just like
species dependent of specific condition, you want to search for a community not just species.

Eddy [ICE]: We did this SAPI because the socioenvironmental variable is stopping development
projects in Latin America and the Caribbean. We have financing for projects, but this variable is a
problem with a lot of speculation. Entering a scientific frame of investigation helps to avoid the
speculation around the variable.

Suzuki [ERM]: Find a common point of discussion. Proposed plan options shown. Scientific research,
practical (EIA), simplified.

Dr. Janzen [GDFCF]: There is no scientific research here, but a combination of specific knowledge with
technical knowledge.
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Roger [ACG]: Applied science.

Dr. Janzen [GDFCF]: The time here is not five years, 3 years for 9 traps, and 5 years for 3. 1 million
changes to 1.2 million. Several other changes made to the plan regarding time and costs. 40 thousand,
and then 30 thousand. Used to be 60 thousand. Changes according to years. Year one done except traps
5 and 8. The years should be the pilot project, while the 5 years is to continue the monitoring.

Discussion about cost and other variables with Dr. Janzen.
No comments from ICE.
Suzuki [ERM]: Proposed agenda for the workshop tomorrow, from 9am.

Sergio [ICE]: The presentation from ICE will include how the SAPI started, then about the Geothermal
Projects in general and then about Pailas II.

Dr. Janzen [GDFCF]: Move the Q&A after lunch and give 45 minutes to ERM, 60 minutes to Dr.
Janzen. Ask SETENA for a reaction.

Suzuki [ERM]: Insect Survey: Malaise trap, seasonal change, survey methodology.

Dr. Janzen [GDFCF]: We are not doing a survey or an inventory, we are using the insects to make a
measurement. The use of the word “survey” is incorrect. We are not doing a list of how many insects are
out there.

Suzuki [ERM]: But SETENA uses different surveys in their EIA.

Dr. Janzen [GDFCF]: We are using insects to measure perturbation, there is no need to use the same
words that they use, you have to do it better.

Suzuki [ERM]: Impact monitoring: Malaise Trap, Measuring Change, Monitoring Methodology. Use of
DNA Database: ABS, Organization, Financial Resource. EIA process: EIA for Geothermal
Development, Scope of Survey, Monitoring Plan. Let the participants decide the priority of the topics.
Now, a comment from each participant as is the last commission meeting.

Randall [ICE]: At the beginning I really didn’t understand how could all this be applied, but then I
understood better the methodology and now | see a practical and technical use, specially thinking future
possibilities in geothermal development.

Eddy [ICE]: There is a continuity of all the efforts of the different organizations involved in the SAPI
and we have products (results) of common interest. There are a lot of tools but they are not used, they
are just tools, so we are giving them an integral use. Nevertheless, there is still a lot more work to be
done.
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Miguel [ICE]: Three things need to be mentioned. First, worth highlighting the triangular relation that
was created which includes private sector, public sector and a cooperative sector. Then, the integration
of criteria with great levels of professionalism, with some troubles, maybe the language barrier, but in
the end we might be able to produce a document that satisfies everyone. Finally, the possibility to
develop these kind of tools not only for knowledge, but to be able to do our jobs better from the
environmental point of view, to be able to insert ourselves in complicated placer, environmentally and
socially speaking.

Sergio [ICE]: A vision for the future. We don’t know what is going to happen, but if we have the
information for future projects and we know what is going to happen, then there is a gain.

Alejandro [ACG]: This has been a process were the institutions have been growing, the SAPI has been
very beneficial. Also, to thank JICA, since as a country, is a first step to take SETENA a little further.
For some projects, SETENA stays short, so this is a huge step to take it further.

Roger [ACG]: This trip still doesn’t, is another step, in order for a more harmonious development.

Honda [JICA]: | was little worried about the SAPI, but we have been able to do great things. A common
error is to expect things to be easy, but we are almost done in this study.

Dr. Hallwachs [GDFCF]: | want to thank ICE, since it is very nice to properly discuss with the engineers.
Thank you to ERM since this is a study out of the box, and JICA for the support. Also, what Eddy said,
this is not a regular EIA, since we are looking at this platform in a more ecological way with a lot
potential and 1I’m eager to get more results.

Hasegawa [JICA]: Sincere appreciation for everyone. It has been really challenging and at the beginning
there was a lot of uneasiness. Today, I’m happy to see how the SAPI is ending and thinking how to
continue the support, and how to grow the partnership between JICA and Costa Rica, and the involved
institutions, ICE, ACG, GDFCF.

Dr. Janzen [GDFCF]: | had some results but won’t read everything, just some. First, an NGO, and two
different government institutions have been able to work together. We are not the same than a year ago.
Thanks to JICA for helping with the relationship. An industrial project can be biomonitored, and finally,
as a scientist, the quantity of information is outstanding and opens a lot of doors.

Suzuki [ERM]: Thank you very much for the patience and participation.

Sakaguchi [ERM]: Thank you everyone, very nice opportunity. We still have work to do, so let’s keep
going.

el
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Memorandum of Understanding
Between
INSITUTO COSTARRICENSE DE ELECTRICIDAD (ICE),
AREA DE CONSERVACION GUANACASTE (ACG) and

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) STUDY TEAM

“Special Assistance for Project Implementation (SAPI) for Guanacaste Geothermal Development
Sector Loan: Study on Improvement of Environmental Monitoring methodologies for
Geothermal Development in Costa Rica” (hereinafter referred to as the “SAPI”) was launched in
December 2015 in connection with the development of Las Pailas 2 Geothermal Project to which
JICA signed the first loan agreement with ICE on August 18, 2014. In the recognition of the
importance of biodiversity in Costa Rica, ICE, ACG and JICA agreed to establish a commission
for the improvement of EIA methodology through the implementation of pilot study under the
SAPL

The subject for the commission will cover mainly following two components

1) Examination of methodology for Biodiversity
This will include the comparison of EIA practice in between Costa Rica and other countries,
such as Japan, US and New Zealand. Also, a status of biodiversity in and around the Las
Pailas 2 area that should be taken account specific to Geothermal Project shall be discussed,
together with a review of environmental monitoring study conducted at the area.

2) Pilot Study
In general, umbrella species such as mammals or birds would be subject species for

biodiversity assessment, however, the pilot study will mainly focus on insects around a
platform, and the impacts on Biodiversity by a Geothermal Project will be examined by the
use of number of specific insect species and samples as key index in line with the minutes of
discussion on May 18 2015 between ICE and JICA.

The commission will be organized and managed by ICE. JICA study team will report the
progress of the study and propose EIA methodologies and ACG will make comments and give
advice on the study.

Detailed activities for the Commission will be discussed and agreed among ICE, ACG and JICA
study team in the commission meetings and implemented as scheduled below. -



[Cmmmssmn Meetmgs]

Now|5iaiDate. S| iiag - Objective : el 1y

1* J anuary 2016 Agree on the direction of the survey and diSC‘L’ISS about survey
program

2™ | March 2016 Share and discuss about the proposed survey program

3" | July 2016 Share and discus about the 1% progress report

4" | November 2016 | Share and discus about the 2™ progress report

5% | March 2017 Share and discus about the draft final report

Venue: Guanacaste

Beside the commission meetings, the commission will organize and hold two workshops towards
the end of SAPI to share and exchange opinions about the new EIA methodologies among other
stakeholders such as SETENA, SINAC and NGOs.

This MOU is at-will and may be modified by mutual consent from ICE, ACG and JICA study
team. This MOU shall become effective upon signature by ICE, ACG and JICA study team and
will rematn in effect until modified or terminated by any one of the partners by mutual consent.
In the absence of mutual agreement by the authorized officials from this MOU shall end on

March 31, 2017.
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Minutes of Meeting
Between
INSITUTO COSTARRICENSE DE ELECTRICIDAD (ICE),
AREA DE CONSERVACION GUANACASTE (ACG) and
JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) Study Team

March 4, 2016

During 2" commission meeting held on March 4™ 2016 under “Special Assistance for
Project Implementation (SAPI) for Guanacaste Geothermal Development Sector Loan:
Study on Improvement of Environmental Monitoring methodologies for Geothermal
Development in Costa Rica” (hereinafter referred to as the “SAPI”). The summary of
the 2" commission meeting is as follows.

*  The commission members have discussed about the proposed pilot project plan as
appendix A, and understood and agreed on the content of the pilot project plan.

= The commission members agreed that final technical report will consist of the result
of discussion in the commission meetings and will be agreed on by the commission
members. The final technical report means “final report” referred in the Minutes of
Discussion agreed between ICE and JICA dated on May 18, 2015.

* The commission members agreed to organize 3™ commission meeting on late
August 2016. The agenda of 3™ commission meeting shall include following;

- Discussion based on the 1% interim report which includes progress of
DNA barcoding and major finding from the result of analysis.

- Discussion and examination for the approach of improvement of EIA
methodology.



(Partner signature)
Partner name: ICE
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Annex A

Pilot Project Plan for

Study on Improvement of Environmental Monitoring methodologies for Geothermal Development

in Costa Rica

Pilot Project Plan is developed to show the approach for scope of work described in
Annex A of Sub contractor agreement for Study on Improvement of Environmental

Monitoring methodologies for Geothermal Development in Costa Rica.

[0 Identification of the insects already collected every week for 1 year from 6
Malaise traps beginning September 2013, by DNA barcoding individually these
insects and assigning a unique code (BIN) to each species and specimen (Task
3.2)

1) Selection of Laboratory for DNA barcoding;:
Sole Source Justification for Analytical Services Provided by the Canadian Centre for
DNA Barcoding (CCDB)

The CCDB, an analytical division within the Centre for Biodiversity Genomics at the
Biodiversity Institute of Ontario of the University of Guelph, Guelph, Canada, is the global
leader in the provision of DNA barcoding services. It pioneered the use of DNA barcoding for
species identification and has a decade-long history in the delivery of species identifications
through DNA barcode analysis for the international research community. Research
infrastructure and staff at the CCDB generated one million barcode records in 2015, more
than 20X higher production than any other facility. Over the past decade, it has generated
73% of the global pool of sequences to the Barcode of Life Data Systems

(www.boldsystems.org). See also www.biodiversitygenomics.net

The analytical services provided by the CCDB have supported biodiversity assessments led
by private sector firms, governmental agencies, and universities researchers in more than 20

nations (see for example, http:/biodiversitygenomics.net/projects/cnp/). Because of these

collaborations, the CCDB has well-developed workflows to allow the efficient analysis of
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invertebrate samples collected through Malaise traps. Aside from this expertise, the CCDB
is the only facility with the capacity to carry out this study for GDFCF and ACG because
project timelines require that several hundred thousand specimens must be processed through

the full DNA barcode analytical chain within six months.

2) Clarification about ABS

The samples being shipped will be accompanied by the appropriate national research
permit issued to Janzen and Hallwachs (GDFCF), and by the export permit issued by
the government of Costa Rica (ACG), and the CONAGEBIO research permit; .pdf
copies of all three will be submitted to ERM. CONAGEBIO is Comision Nacional
para la Gestion de la Biodiversidad, MINAE.

3) Shipping

By mid March 2016, 52 samples from each of the six Malaise traps will be sent as one
shipment by DHL to BIO at the University of Guelph. In order to send them, the
shipment will have the ACG research permit issued to Dr. Daniel Janzen to conduct
this research, an Export Permit issued by ACG, and a CONAGEBIO biodiversity
processing permit issued by the government, a permit that allows this DNA study to
take place. To get this CONAGEBIO permit, ICE has to give its permission for its
samples to be DNA barcoded. At the moment of packing for shipping, each
individual weekly sample will have its old alcohol poured off so that the bottle itself
contains only alcohol fumes and a few milligrams of alcohol. This is done on the same
day of shipping and when the samples arrive at BIO four days later they are
immediately refreshed with new 95% clean ethanol and then stored again at -20°C.
This protocol has worked without fail for with thousands of insects from Malaise trap

samples from ACG in the past

4) DNA analysis

At BIO, the samples from each one of the traps will be placed under the supervision of
one person, who will then work with a small team of people to process the insects from
their trap week by week. Each intact insect is treated as a separate specimen and one
leg is taken for the actual DNA sequencing, but the specimen is retained (see protocol
outlined in Fig. 1). 6 months is required to process the 52 weekly samples from a trap,

and all 6 traps are processed concurrently.
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Figl: DNA analysis process

At BIO, each specimen sampled follows the appropriate path for identification by
means of genetic sequencing to obtain its DNA barcode (Fig. 1), followed by
confirmation through traditional taxonomy (morphology) to some taxonomic level, by
the use of a digital image, appearance, and information contained in the DNA barcode
itself. The DNA barcode is unique for each species but not for each specimen within a
species. The entire process of DNA barcoding will be overseen by Dr. Paul Hebert,
the Scientific Director of the Centre for Biodiversity Genomics, Biodiversity Institute of

Ontario.

5) Morphological classification
Morphological classification to Order, and sometimes to family, is achieved by
visual inspection of the specimens at the time that they are individually selected for
DNA barcode treatment. This is done by the sorting personnel who have
sufficient experience for morphological classification. This Order-level
classification is then confirmed by the information content in the DNA barcode,
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through where the specimen clusters in an NJ tree or other machine-based process.

O  Analysis of Data obtained from the Malaise trapping and subsequent DNA
barcoding analysis to evaluate the impact on the forest ecosystem that has been
caused by the development of PL12 (Task 3.3).

1) Justification

In most brief terms, the comparative community composition of insects as trapped by

Malaise traps is being developed as a measure of perturbation of the ecosystem around

a small (2 ha) drilling platform and access road in sensitive forest because:

a) There are tens of thousands of flying insects in these tropical forests, so the
changes in the composition of their community becomes a fine-scale
“thermometer” for perturbation,

b) Malaise traps capture tens of thousands of individuals of many thousand
species without entomological intervention or knowledge, and therefore the
traps can be very cheaply serviced by unsophisticated personnel,

c) Itis now known and well proof-of-concepted how to obtain and
machine-identify with DNA barcodes (eDNA) and data manage the entire
set of information contained in the Malaise trap samples, for the very cheap
cost of a few dollars per specimen and based on ten years of experience,

d) The traps can be strategically placed at different distances from the primary
and crude perturbation, and with respect to different micro-types of
perturbation (road, drilling platform, etc.),

e) Malaise traps themselves are commercially available and long tested in their
capture abilities by the entomological community of researchers and
taxonomists,

f) Area de Conservacion Guanacaste has a very large reference collection
already of 400,000+ DNA barcodes that will be compared with the
biomonitoring results to add value to the Malaise trap information,

g) Malaise traps collect data 24 hours a day (nocturnal as well as diurnal
species), and in any and all kinds of weather in an extremely consistent
manner,

h) At the time of initiation of the geothermal project in September 2013,
fortuitously 9 Malaise traps and alcohol were available in ACG, along with

the expertise as to how to use them, and year-round paratataxonomist
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personnel who could establish and service them on a weekly basis, and

i) This project establishes a baseline that can be used to measure the influence
of the perturbation on this forest over decades to come, and if set up
correctly for comparison with other traps further from the site, can even
distinguish between changes through climate change and changes from the

geothermal engineering itself.

Analysis of Impact caused by the development of PL12
Following steps (a) - j) )will be followed to analysis the impact related with PL12.

A direct comparison of the three samples from deep inside the forest (#1, 6, 9) with each
other to document to what degree each one of them says the same thing about species
composition, taxonomic composition (are the same species being captured by each trap?),
seasonal change, and change since the beginning of monitoring to the end of the first year
in this a relatively undisturbed ecosystem. This will be done by extracting the information
directly from BOLD and comparing it amongst the three traps. The results will directly
address the question of how many traps for how long are required to create the ground

zero baseline community image against which all others are compared.




b) A direct comparison of the two platform edge traps (#3 and #4) with each other to ask the

same question as in a) above.

c) A direct comparison of the two platform edge traps (#3 and #4) with the single trap (#7)
along the margin of the access road. Here, as in all cases, the analysis will be sensitive to
the beginning and ending of the rainy season as well as how long the perturbation has been
in place after its first week. This will begin to address the question as to whether the edge
of the platform and the edge of the road are effectively the same habitat and are equally
impacted by the initial disturbance and the subsequent year of disturbance.

d) A direct contrast of trap #1 with trap #3, trap #6 with trap #4, and trap #9 with trap #7. In
the first two cases we anticipate dramatic differences owing to the result of open, sunny,
full rain exposure, wind exposure, and diurnal drying at the edge of the platform, in
comparison with deep inside the forest. We also expect to see an increase in the impact as
the year progresses. In the case of trap #9 versus trap #7, we expect the opposite effect,
owing to the extreme build up of road dust on the vegetation in the general vicinity of trap
#7. However, all of these and other effects remain to be seen and what can be stated about
their impact on the ecosystem, once the species and higher taxon composition of the
samples is revealed by the barcoding. There will be surprises. And the evaluation of
these surprises will require asking whether they are peculiar to PL12 or are of a nature to be

expected in any deep forest perturbation.

e) Next, the same array of questions will be asked of the traps using only the data from every
other week. This will be done twice for each comparison, using the odd-numbered weeks
one time and the even-numbered weeks the other time. The results will help to
understand in what ways can this trapping effort be reduced, and still show the same
effects.

f) Next, the same array of questions will be asked of the traps as in €) but using only one week
per month. Clearly the question becomes to what degree can we get similar results by

reducing the number of weekly trap samples analyzed.
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g) Next, we will pool the BINs into biweekly intervals and ask when the results would have
been the same. Obviously in this case the number of BINS analyzed will be the same but the
question becomes whether all the individuals need to have been analyzed within the trap

samples, and for which answers to emerge.

h) Next, we will compare the entire array of BINS from all six traps against the nearly 15,000
bins already identified for ACG insects over the past 10 years and stored in BOLD. This will
be an effort to ask the question of “to what degree is this particular forest unique among the
different forests in ACG, and where there are similarities, which ACG forest is the most
similar to PL12?” Needless to say this is a way of flushing out the question of whether a
particular intact forest is only of significance because it is intact, or because it is both intact
and unique in its species composition, as measured both by the actual list of species present
and by the community structure of those species. Answers will address questions of
whether an ICE even needs to give any thought to whether the perturbation to a particular
forest even matters, and to what structure of the ecosystem. It may also shed some light
on the question as to how a drilling platform and an access road may influence different
kinds of forests in different elevations and rainfall regimes, some of which are currently

being Malaise-trapped in ACG.

i) Next, depending on the composition and higher taxa levels of the samples from the traps,
we will also ask some questions as to whether any or all of the above analyses reflect
differences in the insect community structure with respect to questions like proportions of
parasites, proportions of carnivores, proportions of leaf-eating insects, and proportions of
wood-boring and wood-eating insects. The degree to which these differences can be related
to the foraging behavior of bats, birds, spiders, and even perhaps some mammals, lizards,
and frogs, will depend on the details of what we find and cannot be predicted in a

reasonable way at this time.

j)  Next, we will compare, in a general and logical manner, the Malaise trap results with the
kinds of data expected by other kinds of sampling schemes (regular observations, light
traps, net collecting, baits, etc.), all of which have been used in ACG to census or collect

particular taxa, by Janzen and other biodiversity researchers (e.g., Janzen et al 2009).

.

L

m/l[/



3) Cost Benefit Analysis of DNA barcoding

For large and complex (species-rich) tropical insect communities, in which easily 90%
of the species are undescribed, the only way to identify (= give a unique species-level
identifier to any specimen) is through DNA barcoding. Area de Conservacion
Guanacaste has 11 years of demonstrating this with tens of thousands of species of
insects. If one wishes to later do classical descriptions and taxonomy with these
specimens, the standard costs today are $100/specimen for identification, and
$500-$5,000/ species descriptions by a qualified taxonomist, coupled with delays of
1-15 years per species; DNA barcoding, for the purposes of biomontoring, does the
same job in 6 months for $2-5/specimen, thereby allowing both real time
biomonitoring and budgets that can be included within any industrial engineering
project. This particular project in PL12 would cost easily $5-$10 m for standard
taxonomic treatment of the estimated 20,000 species (in just one year) being used as
biomonitoring thermometers and a ten-year time window, as compared with a budget
of $395,000 and an actual analysis now. Through this study, we will examine the cost

benefit analysis based on above idea.

0 Analysis of Data obtained from the Malaise trapping and subsequent DNA
barcoding analysis to improve Biodiversity Assessment of industrial

perturbation on an ecosystem (Task 3.4).

1) Minimum number of samples for DNA analysis in EIA.
Through analysis of task @ above, the minimum number of samples, and their
method of analysis, that will eventually be deemed to be useful for an EIA will be

examined.

2) Representativeness of flying Insects as index communities for EIA.

In fact, 95% of all terrestrial non-nemtatode, non-mite, species are insects. Therefore
knowing the insect community would provide a hint of condition of biodiversity as
whole. Through this study, it will be examined if there is a representativeness of flying
insects which could be a potential indicator for perturbations of biodiversity in the

area.
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Table 1: Proposed schedule

Month

Task

Pilot Project Plan

Selection of Laboratory

Sample shipping

DNA analysis

First set of result

Data analysis (task3.3 and 3.4)

3 months report

Interim Report

Final Report

Comission Meeting

Workshop

Janzen out of CR
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Agreement
Between
INSITUTO COSTARRICENSE DE ELECTRICIDAD (ICE),
AREA DE CONSERVACION GUANACASTE (ACG),
JAPAN INTERNATIONAL COOPERATION AGENCY (JICA),
ERM JAPAN LTD. (ERM) AND
GUANACASTE DRY FOREST CONSERVATION FUND (GDFCF)

THIS AGREEMENT is made on the 4 March 2016,

BACKGROUND:

A.

JICA(ERM'’s Client) has engaged ERM as its consultant to provide professional
services for “Special Assistance for Project Implementation (SAPI) for
Guanacaste Geothermal Development Sector Loan: Study on Improvement of
Environmental Monitoring methodologies for Geothermal Development in

Costa Rica” (hereinafter referred to as the “SAPI Project”)

B. In connection with ERM’s engagement by JICA, ERM wishes to engage the
GDEFCF to supply certain services as set out in Annex A (TOR).

C. The Commission was established by ICE, ACG and ERM and MOU was signed
by ICE, ACG and ERM.

AGREEMENT:

1. Copyright of DNA barcodes

1.1 JICA, ICE, ACG, GDFCF and ERM agree that all the DNA barcodes and their
traditional collateral information (date, collection location, collector, taxonomy,
image) obtained in SAPI project will be registered in the BOLD system for
public use.

2 Copyright of Reports

21  GDEFCF acknowledges that the copyright of all of the reports submitted by

GDEFCF to ERM under SAPI project shall be vested with ERM . Those reports




22

42

shall be discussed and agreed in the Commission under SAPI project before the
final submission. This copyright in no way restricts or impedes GDFCF from
writing scientific papers in scientific journals scientifically analysing the content
of the traps. GDFCF shall obtain a written approval from ICE in case GDFCF
will publish scientific papers related to the Pailas II project.

JICA will hold the copyright of the final report submitted by ERM.

Confidentiality of DNA Barcodes and relevant information

JICA, ICE, ACG, GDFCF and ERM agreed that public access to the DNA
barcode data identified in SAPI Project, including those related to the sampling
location and date of collection, shall be regulated with a password in the BOLD

system for the maximum of one year after the date of data entry.

Confidentiality of Reports

The confidentiality of reports submitted from GDFCF to ERM shall be kept
until ICE agrees to make it open to the public.

The Final Technical Report submitted to JICA under SAPI Project will be open
to the public upon the concurrence by ICE and ACG.
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First Workshop, Tuesday, November the 1%, 2016.

Rincon de la Vieja National Park, Guanacaste, Costa Rica

8 am

Representatives of ICE, JICA, ACG, ERM, GDFCF, SETENA, National Museum and EARTH are present.

Sergio [ICE]: Greetings. Quick presentation about the workshop today.
Suzuki [ERM]: Greetings. Summary about the workshop today. Agenda explanation. Attendance.

Mobilization to Pailas Il to explain the details in situ
Back to Rincon de la Vieja

Alejandro [ACG]: Small inauguration of the room for a formal activity.

Suzuki [ERM]: The agenda changed a little. Project structure, which is supported by JICA. Its purpose is
to examine a new methodology for EIA system. Explanation of project structure, which includes the
installation of a commission, a pilot study, and so on. Examination of a new technique, DNA barcoding,
to be implemented in EIA. The purpose of the workshop is to share the information of the project and
to get comments about it. Key words: DNA barcoding, Malaise trap, insect community, monitoring,
geothermal, new challenge! Explanation of 9 traps in Pailas Il site and the coming analysis.

Eddy [ICE]: Presentation about the geotermal projects in the country. Important points that were
explained included that each country has their own energy matrix and in the case of Costa Rica, this
matrix is founded upon alternative energies. 99.3% of the Costa Rican territory has electrical energy,
and it is considered a service, not a business. Most the energy is generated by the hydroelectrically,
but this generation is affected by climate changes, same for the wind generation. Therefore,
geothermal energy comes to compensate somehow the demand instead of thermic generation. In
1961, a law where the investigation, exploration and exploration of geothermal energy was declared of
public interest, was passed. Even though the initial inversion for geothermal energy is higher than
other alternatives energies, once it is operational, it is cheaper than the others. The success percentage
for exploration and exploitation of geothermal energy in CR is higher than the one worldwide (50%,
while ICE is 85%) Being able to work with ACG and GDFCF has helped to improve several important
points of view about the geothermal generation and the environment.

Question: Are these projects big or small from the point of view of Costa Rica as a country? What
about the international point of view, big or small?

Eddy [ICE]: The energy generation is stable according the country’s demands. 110 megavatts of
geothermal energy is big, but not all the projects have to be that big. According to demand and several

variables, as population growth, the fields are constructed.

Small discussion about transportation and the use of electrical transportation, the policies behind and
their advantages, follows.

Question related to the future of the energy production and the plans for the country.



Eddy [ICE]: Future feasibility is being researched, and for 2018 and 2020, there will be new studies that
take into account future needs in the country, and other environmental and social factors. Geothermal
energy is an effective and efficient energy that is not affected by climate change. Also, it can coexist
with agriculture, animal husbandry, tourism, and it is compatible with environmental conservation and
recuperation.

Roger [ACG]: Presentation about Guanacaste Conservation Area, ACG, which is located on the northern
side of the country, covers 163 000 hectares and has 4 ecosystems: maritime-cost, dry forest, rainy
forest and cloudy forest. Since 1999 was nominated as Natural Heritage by UNESCO, giving it
Exceptional Universal Value. Several projects take place, which include investigation and education to
the surrounding community, which is one of the characteristics of ACG that they work with society. By
2000 the geothermal potential was discovered and negotiations with ICE began. Discussions in the
media about the geothermal development and protection of the environment continued. If in the
future, there is a need to come into a protected area to develop the geothermal resource, they still
have time to properly prepare, and progress has been made with the accords between ICE and ACG,
which represents an important step for the country. This agreement has led to presentations in other
countries about the work being done by ICE and ACG together. Also, JICA has shown interest in
preparing a protocol about good practices that could be implemented in a sensitive area.

Suzuki [ERM]: Lunch, be back by 1:20. [12:32]

Dr. Jansen [GDFCF]: Self introduction and for Dr. Winnie Hallwachs. Dr. J. has been in Costa Rica since
1963 and D. H. since 1968. In 1972 he wanted to do research, not conservation, but then he turned to
conservation. In 1985, in the Corcovado National Park, he understood that in order to conserve an
important site, it must be integrated with their community. So, coming back to Santa Rosa, they
involved in the administration and elaboration of a National Park. From there, the para-taxonomy was
introduced and it started in the national park. Then, it was clear that in order for the park to strive, the
people surrounding it must be happy, either with agricultural activities or paddocks. No tourism or the
like. ICE came with their project and the chance for an experiment occurred, doing the biomonitoring
there, in the ICE site, would be similar to doing it inside the park in case there was ever a project like
that inside a conservation park. So, talks with ICE began to propose his idea of investigation and ICE
opened their doors. 9 Malaise traps were placed and it was decided to use the insects as a
thermometer for the ecosystem. It is a pilot project to bio-monitor a platform for geothermal
extraction. ACG is around 2% of CR territory and 65% of biodiversity of the country happens here. It
has 4 ecosystems. Millions of years ago, Nicaragua lake came all the way to Liberia and this huge
volcano exploded and formed a sort of valley, that surfaced and the tops are the current volcanoes.
ACG is managed with around 150 people in their staff. ACG is the only park that includes
“development”. The northern part of Pailas Il was the first terrain ever bought for conservation in the
country. Maps, context of Pailas Il and the park are shown; then a map of the geothermal resource that
goes beyond the limit of the park. Future governments probably will want to take that resource, and
hopefully, to take it out without destroying the park. In 2014, the road was there but the construction
and destruction was minimal. The laws and regular thinking ways refer that the site must be evaluated,
which means to create a list, to take a picture of the site in one specific moment, and if some richness



is found, maybe the project wouldn’t be done. But, according to this way of thinking, if the natural
richness is found the latter, the project wouldn’t be cancelled. But, the problem with taking mammals
and birds and such for the traditional evaluation is that their population changes a lot so they are an
unreliable thermometer. Map of PL 12 with their location of the traps. This is not the classic EIA, which
ICE has done, but they are doing more by using insects. In November 2013, the traps were placed.
Ideally, the traps should be placed a year before. When the fence was put into place, one of the traps
was destroyed, so it was moved a couple of meters inside. The bottle of the Mailase trap can hold
1500 with several hundred species. Each trap sample is collected each Thursday for 3 years, put into a
freezer and send to Canada for the analysis. The professor in Canada specializes in barcoding. His goal
is to barcode all the world’s biodiversity. So far they have around 5 million species. From Costa Rica,
mostly from ACG, they have an important proportion. 135 500 specimens were analyzed, with 11 000
species. The crude estimation for that forest is of a hundred thousand species. Explanation of the DNA
barcoding analysis follows. 90% of the sample was successfully barcoded, with a cost of 2.64 USD. The
regular price is around 10 USD. Question: looking at the insects in the traps can we detect the presence
of the platform and can we detect the moment of the perforation? Graph that represents the number
of species per week is shown; the one that comes into attention is trap 3. The curve of species
accumulation? The curve increases, but trap 3 is the steepest. Coming back to the impact, during the
time of the perforation, there is no indication of it. Then, the traps inside the forest, 150 meters away
from the platform. When the line peaks, it refers to the start of rainy season, a lot more insects are in
the environment. Then it decreases because the insects are in their pupa state, and peaks again with
more rain. We can see the change of stations, not the perforation. These tree traps demonstrate that
the platform is not perturbing ACG at 150 meters away from the platform. But we still need to research
the other traps, like the ones 50 meters away. 588 species which fell into the 3 traps, the overlap
guantities change and the individual, but there is a big package that overlaps between the 3. All this
data was generated by machine, you, of course need to think what you are going to ask the data, but
you don’t need years and years of taxonomic work. The 3 traps were similar in their content, mostly
flies. Then wasps, ants, butterflies, thumbtack. The flies put an egg in a specific plant, produces a
tumor, and we have an idea of the diversity of plants and insects. Comparison between 3 and 4, this
last that had to be moved due to the extension of the platform. The difference is huge. Both in the
edge, but their orientation is different. Their total numbers are very different, and 5000 happened only
in trap 3, with 1513 of species. Proportionally, they are all the same, but then what was that was
increased. Wasps, flies, of the parasitic and depredator kind. Thinking about the biology of the
package, we could propose three sources for them. First, a clearing is opened, light, rain, air, dryness,
all those conditions of the canopy come to the ground including some things that used to live there,
like the parasites. Usually, a trap in the shadow might produce 5 parasitic specimens during a year,
while the traps at the edge had more than a hundred species. Second, there is a lot of food in an open
space. Third, the agroscape is an important resource of insects that die when they fall into the forest,
but when they fall into the open space of the platform, they strive. Today, traps 5 and 4 are in the
same place due to the extension of the platform. Their orientation is completely different, which tells
us that the positioning of the trap has a strong influence. Trap 5, towards the light, trap 4, towards the
shadow. About the road, next to it there is forest, it was left intact, so the trap is oriented to the
woods. Those plants look like greenhouse plants, no insects eating it, and this is because of the dust of
the road that acts as a pesticide. Comparison of traps is explained. 350 are in common between Pailas
Il and the forest. But there is also little overlap between dry forest and rainy forest. Pailas Il is in the



middle of those two ecosystems. The species that fly are the ones that show the overlap of the 3
ecosystems (Pailas, dry and rainy). Finally, there are 527 species of ants in all ACG, in PL 12 there are
279, 179 are new to ACG. Honestly, the park next to PL12 has not been researched, but thanks to the
project we are inventorying the forest in that part while we measure the impact. About other traps,
there is NO trap that can get all the insects. Yellow trap, plastic window were insects follow into the
recipient, funnel trap, then with pig feces and a cup, the insects fall into the cup. So, each different trap
gets different kind of insects. To conclude, utilizing cameras and binoculars, you can create a list of
animals, but this just takes a photograph of that moment, so it is impossible to get a proper
measurement of the ecosystem with just a photograph. The fact that these results show no impact is
really good. Also, to expose the work between energy development and conservation is very important
and that is why is going to be presented in an international convention later this year.

Question: The strongest impact is in the roads? Comparing the road and the platform.

Dr. Janzen [GDFCF]: No, the impact is minimal. The platform area is other ecosystem with other impact,
and we still need to check were does the impact reaches. At 150m there seems to be no impact, but
we need to check the data of the other years

Question: What about the traps that are 50m away?

Dr. Janzen [GDFCF]: We are doing the analysis right now, but we predict that we might find some
degree of alteration, a mix.

Question: Taking into account these results so far, do you believe that we would see the same results
in a place with a platform but no perforation?

Dr. Janzen [GDFCF]: No, they have an immediate effect where the activity is being done, but not
further inside (the forest). The environment at the edge would be affected.

Question: So, these results so far show that there is certain impact between the open space, the
platform, and the environment at the edge.

Dr. Janzen [GDFCF]: Yes, trees at the edge will die because of the exposure, and the open space might
expand. Only years of monitoring might tell us exactly how much. In an intact forest, a big tree falls,
and creates an open space. This hole, if it is inside the forest, will be filled with things from the forest,
while if it is at the margin, the agroscape is going to be the one to fill that hole. So, how to prevent that
the platform doesn’t expand into the forest, we do not know yet what to do.

Question: The idea here seems to generate an instrument to detect environmental impacts. As it is, ICE
would be the only economically capable of doing this. Is there another methodology that you would
suggest?



Dr. Janzen [GDFCF]: We hope that ICE will be capable to do this by themselves, just as they do the
traditional fauna monitoring. Budget for this is missing, but costs for this method gets cheaper as time
progresses.

Comment: The comment was mostly about budget. ICE has different accords which supply them with
money, but other projects might not have money for this.

Dr. Janzen [GDFCF]: Yes, but it is getting cheaper. In a few years it won’t be so difficult to get it done.

Comment: About the buffer zone, if we can determine the buffer zone of the Project, we may be able
to ask for a certain buffer zone for the project, and maybe even that the buffer zone itself has certain
extension.

Comment by ICE: Maybe there economic resources are not available, but the experience to apply the
technique is valuable. Also, with this experience, we can see beyond electric projects, but also other
private projects that could also need some kind of buffer zone. Preventive conditions can be
extrapolated. Also, it was commented in former meetings that other animals should be taken into
account, not just insects, but we have seen a great advance with insects. So, thank you for the
invitation and the advance so far.

Comment by Dunya Porras, SETENA: All this about the insects is interesting, but we are also talking
about EIA. We need to take into account that there are several stages for the study of environmental
impact. In the prefeasibility stage, most projects don’t even have an approved budget to work with.
Several years gone by before the proper permits are given and the construction of a project begins. So
we can’t ask in the TOR for this [insect monitoring with DNA], only if we asked that it was part of the
monitoring phase to measure the impact in the small fauna and such. We must not mix this project
that we are discussing with the EIA, since this too expensive to include it and this project is just being
constructed. So we really need to understand in which phase of the EIA this process might be included.

Dr. J [GDFCF]: When plans are made for certain projects there are several things that can predicted,
like building bridges, or platforms. Costs for these predictable things can be lowered.

Comment: At least you can see the ecological affectation with insects.

Comment by SETENA: There are several projects being developed in the country, not just ICE, and a
tool to create a proper base line is needed. When a Project comes to SETENA, they can’t ask that a
study such as this one to be performed since they have no budget. But the need to use insects as
another indicator is clear.

Dr. Janzen [GDFCF]: We need to consider also if we are in a sensitive area like a National Park.
Roger [ACG]: We can use the insects as indicator of the ecology, and if they were identified by the

traditional method, it would take years and millions of dollars, while in this project, thousands of
dollars were used, so this tool can be taken into account not just for EIA, but it can have other uses.



Alejandro [ACG]: If the law changes in the future, we could have very specific techniques for that
moment.

Suzuki [ERM]: We will have a section for questions and such. And we also want to discuss if the study
of insects can help to determine the impact in EIA studies and also if insects can only be studied with
DNA barcoding. Example of EIA example in Japan using insects.

Sakaguchi [ERM]: Thanks Dr. Janzen and Winnie. My presentation will be based in Japan, a country very
far away from Costa Rica. The location of Japan on the northern side is cold, but the country has
several ecosystems, like mangrove, elevated mountains, paddy fields; we have a lot of insects in Japan.
We have some with complete metamorphosis, incomplete metamorphosis and no metamorphosis. The
firefly is one of the most well known insects in Japan. Firefly’s life circle explanation. They live only in
very clean water, so they are an indicator of clean water, and in some prefectures, they are
endangered because of contaminated water. Fireflies attract tourism and are used for education in
schools. When there is project that might affect them, and EIA must be done. There are 39
endangered insect species, and also each prefecture has their designated species. These 39 species are
protected by Japanese law. One of them is the Great Diver, which is a species that lives in the water.
Explanation of the insect cycle follows. The numbers were reduced to probable less than 2000 due to
several circumstances. This is one of the very famous cases in Japan. About some tips of EIA in Japan;
in order to protect a species, the environment where that insect lives must be protected. In the case
of fireflies, they need clean water and a specific kind of shell to feed. Also, the monitoring gives a lot of
information on different species and the comparison before and after the project are supposed to
measure the change, but the results depend on the timing, the experts involved, and so on.
Sometimes, in Japan, fireflies are loose in areas to attract tourism but this is not a good practice since it
can affect the biodiversity at the gene level. The avoidance in Japan relates to start thinking about this
in the early stages, like the design stage. They trace lines that might determine the impact. In the
example, the dragonflies were affected and several changes were put into place.

Suzuki [ERM]: To wrap up the discussion, remember what we saw in the traps, and then, about the
presentations, the importance of geothermal energy and about ACG. What is the constrain of
geothermal development in CR?

SETENA: Protection vs development.

Suzuki [ERM]: Yes, since it is near a conservation area. In the EIA some specific species are used,
traditionally. But we are using the community of the insects to determine the impact, and this is a new
idea here since insects are not included in EIA. But using the DNA barcoding, the insect community can
be identified. But the cost is elevated and the evaluation must be considered. Next workshop for the
23" of February of 2017. This is it for today. Questions or comments?

Alejandro [ACG]: Thank you for the assistance and remember that these projects will continue, so we
need tools for the future developments, so thank you everyone.



Sergio [ICE]: Thank you ACG for the installations and everyone for the assistance.

oo,



Second Workshop, Thursday, February, 23, 2017.

Best Western Hotel El Sitio, Liberia, Guanacaste, Costa Rica

9:30 am

Representatives of ICE, JICA, ACG, ERM, GDFCF, SETENA, National Museum and SINAC are
present.

Suzuki [ERM]: Greetings. Thank you for coming to the workshop for the Improvement of EIA for
Geothermal Development in Costa Rica. Agenda presented.

Sergio [ICE]: Greetings. Quick presentation about the workshop is given, which is the final one in the
scope of this study. Hopefully the results will be very useful and we expect comments during the
afternoon about what will be presented.

Suzuki [ERM]: Structure of the improvement for EIA. There were several meetings. In this workshop,
we would like to have comments about this pilot study. This is the second workshop. In the first
workshop, we shared information about the geothermal project, DNA barcoding and an example of
using insects. We would like to have a discussion regarding the findings. Now, ICE will make some
small presentation about the Geothermal Resource.

Eddy [ICE]: Explain a bit the necessity of this study. Characteristics of traditional energies, such as
thermic and nuclear. Characteristics of energies known as renewables, such as wind, solar and hydro.
These renewables energies sometimes are not enough and the need of traditional energies comes into
hand, but Costa Rica uses alternative energies, and here comes the Geothermal Energy. Characteristics
of Geothermal Energy. Explanation of energetic matrix during the XXI Century and its importance;
Costa Rica’s energy matrix is shown: 99.3% of Costa Rica has electricity and more than 90% is based in
alternative energies. In order to take advantage of the geothermal resources, the process has to be an
integral process taking into account every step of the development. The idea of a geothermal field is to
lengthen the resource as much as possible. Explanation of the exploitation and use of the geothermal
resource. Most of the geothermal resource is inside protected areas and in the future, we will be able to
take a proper path to use those resources. Example of the Miravalles reforestation project is shown. For
the Pailas project, ICE was able to work with ACG and GDFCF. With the collaboration of these
institutions, and JICA, better technologies and techniques have been possible. Borinquen explanation.
This project is a first step to take advantage of a tool for the future.

Suzuki [ERM]: Comments, questions? Then, we will continue with the presentation by Dr. Janzen.

Dr. Jansen [GDFCF]: In 2013, we started this project along with ICE, and we didn’t imagine that we
would have this interaction between ACG and ICE, facilitated by JICA. As scientists, we have been
trying to use applied science instead of pure science. The topic: Biomonitoring with insects to perceive
the impact of geothermal development in the margin of an UNESCO Natural Site of World Heritage in
Costa Rica. Not as members of the government or consulters. Even when Costa Rica is small in territory,
it has the 4% of biodiversity, which is the same as North America. Costa Rica has 600 thousand of
crops, ACG is 375 thousand species. ACG has 65% percent of biodiversity of CR, and 2.6% in the
world. ACG covers 1,650 km2. 150 people working in ACG. Is the only National Park that has
development (biodevelopment) in the entrance. ACG and GDFCF philosophy is to develop a protocol to
know and measure the impact of the geothermal platform and its road, in a tropical sensible and



protected forest, using insects to measure it. ICE and JICA have helped with this, with ERM. The idea is
to have an additional tool for measurement of sensible areas. The start that marks the place of PL 12 in
the map is right south to the first plot of land bought for conservation, which is part of Rincon de la
Vieja National Park. The life zone where PL12 is, relates to the coffee sites, much of them without
forest anymore. The geothermal resource is hundreds of megawatts, 2-3km under ACG. The fact that is
under the park is very important since it is not exactly inside. So, the question is how to extract with
minimum impact, then how to measure the impact, how to mitigate it and compensate it. Map of the site
is shown before the project, the platform and the traps, and the change nowadays. Traps 1 and 6 are
inside the park. People say that the forest next to PL12 is Dry Forest, which is incorrect, because it is
actually an intersection between Dry Forest and Rainy Forest. Insects represent thousands of species and
we can use that biodiversity. Of course, we can use big mammals, but to interpret the impact with the
behavior of these animals, is impossible. The same occurs with small mammals. ICE permits them to go
to the site at the beginning, take pictures and investigate; two important questions rise: what is the
impact of the platform, and what is the impact of the perforation. The Malaise Traps are collocated at the
beginning and starts measuring. Explanation of the Malaise Trap. The Malaise trap is the equivalent to a
meteorological station. All this explanation and data is a combination of efforts between different
institutions. Explanation of other traps, which is more useful? Each different trap is used for some
specific kind of insects, the sample is not representative. Back to the Malaise traps, the taken samples
are shown, the process to send and analyze them in Canada, in the University of Guelph, etc. Each
species has their own barcode. The DNA barcode is a word of 600 letters that has only 4 different letters.
With this information, we can ask several questions, like identifying species. A normal taxonomist
would have to invest years in order to identify species. The BIN assignment is done by the machine.
When there is a relation between certain insects, like parasites, that information is also found in the data
base. DNA Barcoding Part of UN Biodiversity Strategic Plan. Decision ratified Dec. 19, 2016
international support for DNA barcoding the Barcode of Life Network, the Global Taxonomy Initiative
and other DNA barcoding applications. From 7 traps, the total of insects was 144,994, with 11,385
species, 7,400 just in one trap, 91% successfully IDed, with a cost of 3.4USD per insect. Graph of the
different traps and the relation between the rains and the insects, and then between their life cycle; to
understand the guantity of insects. Other way to look at the data, is the accumulation of species during
the year, which increases as time progresses. Rain starts and the increment is more visible, then in the
increment curve stabilizes again, rain increment, the curve peaks. The traps inside in the forest (150m
from platform) have very similar data between them, they are the undisturbed forest and they say that
the project is not impacting the forest. UNESCO was very worried if the project was damaging the park,
but we see that it doesn’t. The composition of these traps is shown and we have our base line. About
trap 2, 50m from platform, is the same as the ones 150m from the platform. About the time of
perforation, the data shows that there was not impact during that time. The composition of trap 2 is the
same that those taken for the base line. Now, about trap 3, there is an enormous difference in
comparison to the others. At least half of the species found in the other traps was found in trap 3, and
5,220 species were found only in PL12. So, which are those species? Parasites and scavengers.
Explanation of Malaise Trap according to their position in relation to the light. Insect is searching the
light. Trap 4 was moved next to trap 5, but trap 4 was directed to the shadow, while 5 was directed to the
light. In resume, trap 4 became a trap with similar conditions of the traps inside the forest. The margin
turned out to have different conditions depending on the light. The margin present the same conditions
as paddocks for insects and plants, so several parasites and scavengers that are not found in the forest
but in paddock environments, are now found in the margins of PL12 brought by the wind or fall from
the canopy. Now, is PL12 special in some way? PL12 has 11,385 species, the rainy forest has 7,032, the



dry forest has 5,668. Only 131 shared between rainy and dry, and 199 shared between PL12, dry, and
rainy. 1462 shared between dry forest and PL12, 897 shared between rainy forest and PL12. The 199 in
common is mostly composed by flies. Another concrete example, 527 of ants in ACG, and 279 in PL12,
in common 136, 142 not known were found in PL12, so there is something special about PL12. So, can
we maybe see the platform as a landslide? To study species, it is necessary to not only go inside the
forest, but also the margin that becomes a microecosystem. The road and the platform is a footprint that
can be controlled. How can the hole be sealed? To isolate the platform, to plant certain trees in the
margin, like mangos, which produce a very good shadow similar to the one inside the forest, can be a
good way to seal the footprint. So, this could be an alternative to think about. ICE and ACG agree that
they need to work together, a process that is being developed. To extract, to measure, to know, to
compensate; not to fight with the industry and developers but to think together and be partners.
Invitation to the ICE biologist to improve this relationship and knowledge. Regarding the results, the
important thing is the collaboration between different government, public and private institutions, and to
continue this collaboration.

Suzuki [ERM]: Comments, questions? Otherwise, please enjoy a coffee break.

Reporter from Nacion newspaper question: The great quantity of insects in the traps near the platform is
it because new kinds of insects are being attracted, or is there another reason?

Dr. Janzen [GDFCF]: A combination of the insects of the forest canopy and those who come from the
agroscape who found a little island in the open space. Then, regarding the plants, the seeds are brought
by the feces or fur in animals that go that agroscape.

Question from ICE: What is your opinion about the function of the perturbation as a modifier of
biodiversity?

Dr. Janzen [GDFCF]: | am taking advantage of the biodiversity, as an entomologist. The platform is a
sort of soccer field and the insects in the forest show no change so far. Now, we need to ask ourselves
how many and where can we place other soccer fields. We can now think about distances and sizes for
this “soccer fields”. With a year data and analysis, the insects have shown no perturbation. Now, we
hope that we can continue with the analysis of other samples that are already waiting in the freezer. For
a year, JICA invested 450 thousand USD, next year it might be 350 thousand since the cost is going
down. In ten years it will be even cheaper. Years ago, this would have costed millions of dollars, now
we are in the thousands.

Suzuki [ERM]: Another question? You can also ask during the Q&A after lunch, so please last question
for the moment.

SETENA: Thank you for this investigation which has very valuable information with very positive
results, but the main question is not answered yet. The insects are being used to determine the
environmental impact of a geothermal project. Taking this into account, I would like to know several
things. The position of the traps was decided based on what? The part regarding the open space is clear,
but from the methodological point of view, a geothermal project is analyzed based on the variables that
might generate impact, like noise and so on. One the important variables is related to the gas release



where there wasn’t any. Taking this into account is there impact or not? Are insects a species that could
answer the questions directly related to the variables related to a geothermal project?

Dr. Janzen [GDFCF]: To properly answer we need to clarify that we are focusing on one platform and
one access road. The different variables are taken into account when we analyze the great quantity of
insects and they do not react to them. We need to keep analyzing and verify to what the insects react*
gases, rain or others. And all this have a cost. We need to take advantage of the proportional
information that the insects can give.

Suzuki [ERM]: Thank you. Some of the questions might be answered in the next presentation which will
be about the impact in geothermal projects using insects. Coffee break and restart at 12 o’clock. [11:38
am]

12:04 pm

Suzuki [ERM]: Presentation of the results done by ERM, focusing in EIA. EIA process explained:
Screening, Scoping, etc., and the possibility to use insects during the process as indicators for the impact
for the Geothermal Development. PL12 Development: platform, access road, and others. What could
impact the insect community?

Several answers: illumination of the platform, noise from machinery, dust, gases, changes on the local
weather.

Suzuki [ERM]: That last one is not from the project, but yes. We can see some dust and gases in the
roads because of the vehicles. A matrix of expected impact on the insect community was created, that
include, sun light, night light, dust, noise and others. Expected impacts in the different traps is explained.
The approach for the assessment was in two stages: information arrangement and data analysis.
Information arrangement was very important because there is a lot of data of insects collected in the
Malaise Traps. In the first stage, there was data organization at order level and data organization for
each trap (order level); on the second stage, there was analysis on potential impact (order level) and
analysis on potential impact (family level). Step 1: data organization at order level, the dominant orders
were Diptera, Hymenoptera, Coleoptera, Lepidoptera and Hemiptera. Step 2: data organization at each
trap, where change insect community is shown by order by trap, number of species and number of
specimen. Step 3: analysis on potential impact, the change in number of species and specimens
throughout the year is shown. At the beginning of the rainy season, there is an increase. Trap 7 shows a
slower change than other traps. The rainy season is clearly seen in the other traps, but not in trap 7.
Traps at Om and at 150m are shown in a graph, by number of species, and then by number of specimens,
except trap 3. In trap 7 the number of Diptera didn’t increase when the rainy season starts, while they
did increase in the other traps; same in the number in specimens. Shannon-Weiner Index and Simpson
Index were used to detect the change in the insect community. In the graphs, we can see that trap 7 had
almost not change and the use of the indexes helped to find changes in the insect community. Graphs
focusing in Diptera, highlighting trap 7, same Lepidoptera, Coleoptera and Hemiptera. Step 4: analysis
on potential impact, where changes in families by selected orders are shown. More than 100 BINs
during a year to choose that particular family. Graphs of Diptera with changes in certain families by
number of specimen, are shown, and there is a difference in trap 7. Sciaridae and Cecidomyiidae
explained. Cecidomyiidae, examples from traps 7, next to the access road and 9, at 150m from the
platform. Two types, one common during dry season, other during rainy season. The one found during




dry season was found all year around, and increases during rainy season, shown in trap 9, but this
doesn’t occur in trap 7. We found this by analyzing by order level and then by family level, and then
wondered why there is a difference. These insects have a very short life cycle and depend on certain
kind of leaves to put their eggs and they remain in the same area. The access road seems to have
environmental effects in Diptera, the dust could be affecting the Cecidomyiidae since the leaves used by
them are covered in dust. We have data and analysis of only a year, so more analysis might be necessary
to know affects for the long term. Findings show that using Malaise Traps and DNA barcoding with
flying insects can be used for impact analysis since 90% of insects are flying insects, it has
representativeness. Using Malaise Traps and DNA barcoding, species and specimens can be effectively
and precisely identified, and even some species could be used as indicator species, especially if they
depend on certain environment or plants. These tools can be used as impact indicators, an assessment
can be made, the insect community can be used as a quantitate method. Also, in the case of the Malaise
Trap, the position is very important. Also, what kind and how much of the impact can be detected? The
seasonal change of insect community must be taken into account. There were also several Singleton BIN,
and it is not clear how to use it, also there is no need to collect all the species, but for EIA it is important
to consider for how the monitoring must continue. Wrap up. A couple of questions, and the afternoon
will be dedicated to discussion.

Question from National Museum: How it is that the results from Dr. Janzen about trap 3, which was
very different from other traps, do not coincide with was presented, when he doesn’t mention anything
about trap 7? In the presentation just finished, emphasis is given to trap 7 when in Dr. Janzen
presentation, emphasis was given to trap 3. The data is the same but what was presented was very
different.

Suzuki [ERM]: Impact on trap number 3 is too obvious because of the quantity of sample, so we
excluded it from the assessment.

Sakaguchi [ERM]: Trap 3 is different because of the placement and collected a lot of samples, while the
others were inside the forest.

Question from SINAC: Mentioned that we need to know how long the Malaise traps must stay in the
field. Taking into account that they might be used for EIA, the time needs to be set, so what is the
recommendation for ICE to know how long they have to keep the traps and to reduce costs?

Sakaguchi [ERM]: Still need to find out and continue study to find out, Dr. Janzen can explain more.

Dr. Janzen [GDFCF]: The traps around PL12 have been around 3 years, samples already collected, they
are in the freezer. We analyzed 1 year, the other 2 waiting to be analyzed. After that, only 3 traps, 1, 2
and 3, should remain for 5 years, another 2 years, and then it should be continuous, since the cost is
reducing. If you compare the cost of the project, to continue this would be less than 2% of the total of
Pailas Il project.

Comment from SETENA: The EIA is a preventive tool, so we are getting this kind of data because we
are comparing data before the project is fully functional. Now, in Costa Rica, the EIA is done before the
project exists, so the kind of data we have now is complicated to get. Another thing mentionad by Dr.
Janzen is that we are talking about monitoring, and the monitoring has to be constant, and from there on



it can be decided the methodology of sampling and so on. Also, it is important to compare not only the
margin of the platform but other sectors since we do not know if the insects” behavior might be the same.
During the presentation, maybe the information wanted to be resumed, but the different borders have
different charactheristics (internal or external), so we are combining different sectors. 2 and 5 are in the
middle and were not analyzed, why?

Suzuki [ERM]: Answer will be given after lunch, when we will begin the Q& A section. Please be back
by 2:15 pm [1:20 pm]

2:21 pm
Suzuki [ERM]: Discussion of two topics. The first one is Impact Monitoring, and then EIA process.
Let’s start with the first one, feel free to raise comments or questions.

SINAC comment: Interesting to consider combining Malaise trap with other methods, barcoding is the
most expensive. Some insects that have a very important ecological side might prove useful. It is an
option to complement the analysis of insects without increasing the cost.

SINAC comment: About the indexes used. Shannon-Wiener and Simpson are more focused on
biodiversity and there are others that are more useful for what is been done, so | cannot see how can they
apply in EIA or this kind of research. These Indexes have been much questioned and are almost not used
anymore and do not take into account insect characteristics.

ICE comment: Study shows that there is change in the ecosystem. It would be interesting to compare
them to environmental measures, so that we can know the effectiveness of the measures. Help the
organization to have a more benefic-cost.

SETENA comment: We saw some effect in point seven, and that might have been measured with the
dust production. So, proposals are being presented regarding the dust, and the influence in the Diptera
was shown. What we are interested in is not to only improve but also to have some solutions.

Comment by National Museum: Malaise traps and their position, affect what has been captured, and we
need to consider the position so that it doesn’t have a negative effect. Is should be more standardized.

Suzuki [ERM]: Dr. Janzen?

Dr. Janzen [GDFCF]: To comment about the previous comments, regarding the dust, we perceived at the
beginning that it was some sort of pesticide not as venom but because the insects very thin layer of wax
gets dried due to the dust. At the beginning, we talked with ICE and they said they could anticipate the
impact, but I don’t know how it is progressing. The budgets are planned with many years ahead and
when suddenly something appears, time is needed. Regarding the use of different traps for insects, if you
have the budget, please do so, but it has its cost. With malaise, you do not need to be specialized like
with other traps, the costs are also different. We are using the most practical choice. Which was the
other one?

National Museum question: How can you solve the problem regarding the position of the Malaise Trap?



Dr. Janzen [GDFCF]: If the trap is inside the forest, or in an open space, there is no problem about
position, you just place it. When we are in a margin, if the budget is available, traps should be placed
with two orientations, also more traps that are less distanced from each other. We need to emphasize that
we are doing an inventory of the species but we are using the insect activity to identify if there is any
impact. To maintain the traps, is has a cost like maintaining a bridge or the like, but the costs are going
down, in 2003 it was 20USD per trap, and now it is a 3USD.

Dr. Hallwachs [GDFCF]: Not only the costs of the traps are getting cheaper, but also the barcoding. This
project has helped a lot to have more data about the tropical zone and to add that data to the existing data
base that is open for the public. Dr. Janzen received a request to help with this data base in order to
understand better the insects. The budget, as Eddy mentioned, when ICE talks about integral analysis, it
is very important to analyze the budget beforehand and in seasonal zones it is not functional to have a
ballast road which turns out to be more expensive than using good material.

Dr. Janzen [GDFCF]: Let’s remember that we have 3 years of data waiting in the freezer, 3 years that
shows us what is happening in PL12 and help us answer several questions. If there is any effect, it is
there in freezer waiting.

Eddy [ICE]: Other important aspect is that we are not using just one variable, but from the integral point
of view, this is another element, another helping step for the process. | didn’t see any contradiction, in
trap 3, the focus was in the paddock like environment, ERM focused on trap 7 on the margin of the road
where the dust effect was expected. All this information is complementary and from on we will have
more information, but how we see it and use it, the results will change. We are not using recipes from
other places, we are innovating. Now then, Pailas Il will be asphalted for its final stage, but now we can
see that from initial stages the asphalt is important, like we are doing now in Borinquen and like we will
do with Mundo Nuevo. But this is just fragment, there were several analysis that allowed them to work
in those forest sites, like for example to find the adequate lamps that allowed them to work during the
night but didn’t attract so many insects, and with the help of ACG they were able to get the appropriate
lamps could let the staff work safely. And safety is relative here since there was a moment when there
there was a bedbug migration and all of us had burns all over. So, considering all this, with the support
of the government and the help of JICA, since we do need to do applied research in order to innovate,
changes have been made. Another example is the thin cables used that are next to the canopy and with
them accidents with animals can be avoided. Water that was discarded after the perforation was finished,
IS now used as a reservoir that can be used when forest fires appear. All this is part of the integral work
been done that shows the vision that we have four our job, and it shows that we can improve the
conditions if we maintain that vision.

Sakaguchi [ERM]; About Shannon-Wiener, we know that its use is problematic. We used it to detect
some kind of change, the weakness is that it depends on the quantity of samples. On the other hand, with
Simpson the result was stable, and both indexes gave the same results. Since Dr. Janzen gave a lot of
samples, they didn’t have problems using them so they decided to use them.

CONAGEBIO questions: There is an effect in the margin that doesn’t go 50m into the forest. What are
the practical and technical recommendations for ICE for better management in Pailas? And then, what



are the plans for the future to decide how many footprints | want in my garden, how separate they have
to be and the effect they will have?

Dr. Janzen [GDFCF]: First, trap 3 and trap 4 say that the platform has an impact on the margin.
{{Unintelligible}} The important thing is where ca | cross the garden. Second, how many to have,
depends on your ubication in the forest if they are random or are very carefully placed, since the hole
can expand very easily we need to seal the existing one. A tree falls at 50m from the platform, the
insects living in the margin go to that hole, and the hole expands, and so on. If the world wants to pay
for the analysis, ACG and we can put our energy in this. It is so very interesting from several points of
view. The intellectual resource is there, but the problem is the budget. So, at least there must be an
analysis for 3 years, and then continue, like maintaining a road, a bridge. If there is a natural disaster,
ICE would have a measure to be able to recover. We are still learning.

Suzuki [ERM]: Since a lot need to go back to San Jose, | would like to move along. Let’s continue with
EIA process.

Comment by Dunya Porras, SETENA: First, thank you very much for the invitation since the beginning
when a genuine interest in the EIA process in the country was shown, and then the invitation to the first
workshop, especially because we are interested in the investigation been done particularly if they are
related to biological studies that sometimes are very complicated to understand. Firstly, | want to clarify
that there is a difference between an environmental impact evaluation and an environmental impact
study. The environmental impact evaluation starts from the very beginning of the project and extends to
the very end of the project, it can last 50 years or more. The environmental impact studies, which are
documents that are presented to SETENA to check the viability of the project, are done as a predictive
measure, when there is no project yet. In this case we already have the platform, and when SETENA
gets the studies, none of the project exists yet. The biologist need to have a base line as complete as
possible to be able to determine if there is impact or not, and based on that SETENA decides to give the
viability. Remember that biology is just one of the components that are analyzed in an environmental
impact study. We have the social component, the geological component, the geothermal component, etc.
The base line is asked for this and to make impact comparisons. In this case, we are analyzing one part
of a geothermal project, which not only has platforms but also a machine house, wells, pipping, and
others. We are worried because these platforms are in a damping zone of a National Park. The rest of the
project is located in private properties and ICE decides the characteristics given to those properties. The
plant is going to be far away and there we can see the most severe impacts. Eddy forgot to mention that
in the platform we do not get gases product of the geothermal process. The important thing is the
proximity to the protected area. | am very satisfied with this study since it breaks paradigms from many
years ago in Costa Rica. The first one is the fear, and the second one is to work as a team, because in the
past, fear wouldn’t let us work as a team, and now ICE and ACG are working together. And now, in a
predictive phase we can have a very accurate base line since we have ACG’s and ICE’s experience to
improve results. When paradigms are broken, in SETENA we can say that development and
environment are harmonized, and this study is allowing us to say just that. We are removing the fears
that we cannot touch something, that we think we cannot meet, that something doesn’t corresponds.
Alliances bring good results, especially when they are as intelligent as this one. As SETENA we want to
see this relationship of developer and inspector of the environment. SETENA is at peace since ICE’s
development is being crystalized by the forest administration of the state (country). And the agreements
between them belong to them and SETENA is sure that things are been done correctly. Developer and



inspector are in a relationship that can last many years. If they decide that it will be 5 years, then 5 years
it is, or whatever they decide. It is a great opportunity. Thank you for the invitation.

Roger [ACG]; Thank you for your words. That has been the philosophy that has been promoted between
ICE, ACG and GDFCF, and also SINAC. We have been working with biologist, in January there was a
workshop where several topics were raised and also this project has also been discussed at length. There
are several colleagues, present here, who are in the field that monitor what is happening in Pailas and
Borinquen to improve what we are doing. Inside ICE itself they have strict environmental monitoring,
which is something very positive. We are also developing other processes where we want to involve the
academy, since ICE is producing a information that has great value, but they don’t have the tie to share
it all, so we want to get students that want to make their thesis to generate products with all this
information, and this is something extra from all the efforts. It is true, we need to clear away our fears
and JICA is very interested since this is not happening in any other part of the world, and we want to
capitalize positive experiences and to put them in protocols to be able to use them in other parts of the
world and the country. Thank you and we keep moving forward.

SETENA: Advise. Do not be afraid to have a negative result, since all the investigation process is
actually very important. Something negative is also a success. Another thing is that with this kind of
studies, especially if they are for institutions such as SETENA, it is very important to include
recommendations to your results, technical recommendations, regarding mitigation, etc.; since they are
very important tools for us and that we can really harmonize the development with the environment. The
information itself is valuable but we need to have concrete recommendations included in the
professional technical study.

SINAC comment: Considering the scoping of the topic, | would like to especially invite JICA, if they
haven’t done it yet, to invite representatives of the Central American Bank for Economic Integration, of
the Inter-American Development Bank, of The World Bank, and other institutions that finance
geothermal projects in the region, so that they can now about the process. Firstly, to sensitize them that
this can have good results, and then for them to join as cooperatives, since this entire enterprise has a
cost, and with their financing, we could get more data in less time.

SINAC comment: Regarding ACG and other two sites in Costa Rica that are World Heritage, is
important to understand that the responsibility is greater than a National Park and we are obligated to
comply with the World Heritage Convention rules and practices, and it includes environmental
evaluations, which divides in three: environmental impact studies, environmental strategic evaluations
and accumulative impact evaluations. Each World Heritage Site is obligated to have this evaluations
before the development of any project or activity, and in Costa Rica we do not have much experience
with environmental strategic evaluations, almost none, and accumulative effects, just a few, and neither
in environmental evaluations since in Costa Rica what we do are environmental impact studies mostly.
SO, this is experience is a very important first approach no only to comply with the country’s laws but
also to comply with international commitments. Right now UNESCO is watching ACG to know what
they are doing in Pailas Il and inside ACG, it is possible that a mission will come to evaluate them soon.
All than can be done to improve and to learn is very important, not only as a a simple reply for a project
but also a an answer from the country to world regarding the acquired commitments.



Suzuki [ERM]: Project is located near sensitive area, so another study or evaluation might be required to
evaluate the impact of the geothermal project. For general EIA, we normally look for some visible
impact, but we are trying to find a way to measure sensitive impact. With the insect community, we
might find some sensitive response from the impact of the project. This is study shows another useful
tool and hope that it continues. Thank you for coming today, one last comment from ICE and ACG.

Roger [ACG]: Again, thank you for all the work done. We are just beginning. The SAPI project that has
been supported by JICA will finish with the final analysis and report, but we are working to continue.

Sergio [ICE]: Thank you all, GDFCF, JICA and ACG, to ERM for their professional job and traveling
all the way from Japan. To the coworkers in geothermal resources. Just like Dunya said, this implies a
change in paradigm, to not believe that the academy is far away and that we can have a relationship, that
we can have applied science with development, and at the same time we are generating a lot of
knowledge. Numbers show that we have a lot more species that we imagined, and probably if we move
forward with the samples in the freezer, we will discover other things. The Dr. showed us how to know
what kind of species can be found in a site through the blood that insects suck, thanks to barcoding.
This shows us that we can get a lot more information using a technique such as barcoding and that we
can find species that might just be registered in trap cameras. But then, using just a little insect, we know
of a lot more species. Roger said it, this project is just beginning, it is there frozen, important for the
geothermal development which is our interest as institution, to understand the species that we have and
been able to understand that interaction between development and conservation. Thank you very much.

Suzuki [ERM]: Thank you very much. This is the end of the workshop, go back safely. Coffee.

Sergio [ICE]: When the final reports are ready, you can write to us and we can send them to you.

Koo,
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Study on Imprevement of Environmental
Monitoring Methodologiesifor Geothermal
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Agenda

Time Agenda

8:00 — 10:00 Site visit

11:00 - 11:30 Las Pailas 2 geothermal project

11:30 — 12:00 Presentation about ACG

12:00 - 13:00 (Lunch)

13:00 — 14:20 Implementing DNA Barcoding by insect
14:20 — 14:40 Insect survey for EIA system in Japan

14:40 — 14:50 Next step for this project
14:50 — 15:00 Q&A
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Project structure
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® 1st Tallere: 15t Nov 2016

Key words

Key words in this workshop

Insect

4
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Las Pailas 2 geothermal project
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About ACG

\
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Implementing DNA Barcoding by Insect
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Insect survey in EIA system in Japan
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About Japan

O
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About Japan - Landscape - Tropical to Cold Zone
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Metamorphosis
complete metamorphosis(moss) incomplete metamorphosis(cicada)
Egg Egg
Adult Larva
Larva
early Larva late larva
Pupa

No pupal stage

no metamorphosis

11
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Hotaru- Fireflies(lightning bugs)

= Fireflies live in clean water and often they are seen as index species for clean
water. They are designated as endangered by some prefectures in Japan.

= Fireflies attract people and contribute to tourism.

= Fireflies are used for education at school in Japan.

= When a project is likely to affect a habitat of fireflies, EIA needs to address it.

1 month as Adult in June

s I %

? = =

B — & t?

20d 9 months in water (Clean stream)
Und ays d Eating a specific kind of shell
naergroun (Semisulcospira libertina) Egg
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About Japan - Endangered Insects

Designated National Endangered Insects : 39
(Each Prefecture also designates Endangered Insects.)

(DCharacteristics:

Length28~33mm.Habitats are natural ponds with spring or
Wetland. Breeding period is from October to April. In March or
April, they lay eggs inside some specific aquatic plants and
birth comes within 2 weeks. Larvae move on to land after a
month and pupate in the soil close to the pond/wetland to
develop to the adult from May to July. They live in water for 1
to 3 years. They eat small insects(Asellota) and other
(@Range: Honshu (Extinct in Kansai region)

(@Population : Several hundreds to thousands. but only less
than 2,000.

@Threat : Loss of habitat due to water pollution and/or
Alternation of land use including loss of landing spots,
Collection by business or collectors, Preyed by an alien
species,”"Red swamp crawfish”,and Indirect impacts caused

by loss of aquatic plants and food. \

15
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About Japan - Information about Insects

14

Maculinea teleius kazamoto | MCharacteristics:
(Scarce large blue) Length:18-24mm. Eggs are laid in July, August

Live with the plant In the ants’ nest larvae eat eggs and/or larvae

3 Inside the nest of ants’ | transported to the ants’ nest.

on the spike of Sanguisorba officinalis (great
burnet). Larvae eat great burnet and grow for 4
years, then they move down to the ground to
be transported by ants(Myrmica) to their nest.

of ants’ to pupate in the nest. (The larvae have
special smell that attract ants and intoxicate in
a sense.)

They develop to the adult one year after

(@Range: Eurasian Continent and Japan

(@ Threat: Reduced habitats due to the land use
change in the rural area. Human pressure that
affects plant(Sanguisorba officinalis (great
burnet)) and ants(Myrmica).
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Some tips about Insects and EIA in Japan

15

Conservation of a specific type of insects means
conservation of such environment. Fireflies need
clean stream and specific type of shell, and some
insects depend on specific plants and/or other
insects, and so on.

Insect Monitoring provides information of how
many species are found. Comparison before and
after the project is usually made to understand
the change, but sometimes it depends on the
experts involved and/or timing of survey, and
not necessarily give the stable results.

Now ,in Japan, fireflies are released to attract
people, but it is not considered a good practice to
introduce insects of the same kinds from other
regions since that may result in the reduction of
biodiversity at the gene level.

The world's leading sustainability consultancy

About Japan - EIA and Insects

Avoidance

16

The wetland was
preserved for the
conservation of the
dragonflies by
changing the basic

) design. The wetland

is used for

educational purpose.
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Next step for this project

\
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Key words

Before we go to next step,

What were the key words in this workshop?
And

18
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Key Words

Key words in this workshop

Insect Commumtv ~
)
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Project Schedule
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® 2nd Tallere: 23 Feb 2017
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Questions?
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Thank you!
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Study on Imprevement of Environmental
Monitoring Methodologiesifor Geothermal
-—==Development in Costa Rica

ERM Japan

Feb 23 2017
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Agenda
B Date/Time: 23rd Feb 2017, 9:00~
B Venue: Best Western Elsitio
Time Agenda
9:00 —9:30 Introduction
- Project members and Participants
9:30 - 10:00 Presentation from ICE
Outline of SAPI project
PL12 Project
10:00 — 11:00 Presentation from GDFCF
- Findings from pilot study
11:00 — 11:20 Break
11:20 - 12:00 Presentation from ERM
- Findings from pilot study
12:00-13:00 Lunch
13:00-14:45 Q&A
- Impact Monitoring
- Use of DNA Database
- EIAprocess
14:45-15:00 Closing
2
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Participants
B BioFin O ACG
m CONAGEBIO O ICE
m CORAC 0 JICA
B EARTH 0 ERM
B Museo Nacional 0 GEDCF
B SETENA
B SINAC
B UCR

3

Agenda

4
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1t Workshop

In the 15t Workshop held on Nov 2016, we shared;
B Geothermal Project

B ACG

B DNA Barcoding

B Case study of EIA study in Japan (using insect)

5
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Key words

Key words in this workshop

|ns:act Communitv ~

6
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1. Presentation from ICE
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2. Findings of data analysis by GFDCF

The world's leading sustainability consultancy ERM
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3. Findings of data analysis by ERM
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EIA process

B The purpose of EIA

“To predict and assess the impact expected
from the project and to avoid, minimize and
mitigate the impact as reasonably low as
possible. As part of management plan,
monitoring is normally conducted to confirm
the actual impact. “

10
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Planning stage- —

Construction starts —

o
Construction/ |

Operation~

|

Screening.

Scoping«

Survey«

Assessmente

Management and
Monitoring plan«

Monitoring-
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What would impacts on insect
from Geothermal Development?

11
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PL12 Development

12
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No.1: 150m from Platform

O

No.9: 150m from Access road

O

The world’s leading sustainability consultancy

No.3: edge of platform

O

No.7: edge of Acces sroad

Expected Impact on insect community

Impact Item 150m deep forest om
Nol |No6 |No9 [No.3 |No.4 |No.7

Short Increase of Sun light No impact Large S-M

ferm Night Light No impact Medium No-S
Dry (by Clearance) No impact Large Medium
Dust No impact Small M-L
H2S Unknown Unknown | Unknown
Noise Small Large Medium
Soil Contamination No impact No impact | No impact
Water pollution No impact No impact | No impact
Change in vegetation (sun/dry) No impact Large Large

Long Invasive species No impact Large Large

ferm Water storage No impact Small | No | No impact

16
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Approach for assessment

Information
Arrangement

Data Analysis

17

@

Data organization at order level
- Total number of species/speciemen
- Number of species/speciemen by weekly

Data organization for each trap(Order Level
- Number of species/specimen for each point
- Biodiversity indicator

Analysis on potential impact (Order Level)
- Analysis for change in pattern by traps
- Screen potential impact

Analysis on potential impact (Family Level)
- Extract the families of more than 100 specimen
- Analysis for change in pattern by traps/period

- Study on the habitat of identified families and
examine the potential impact

The world's leading sustainability consultancy

Stepl: Data organization at order level

Information
Arrangement

Data Analysis

18

@

Data organization at order level
- Total number of species/speciemen
- Number of species/speciemen by weekly

Data organization for each trap(Order Level
- Number of species/specimen for each point
- Biodiversity indicator

Analysis on potential impact (Order Level)
- Analysis for change in pattern by traps
- Screen potential impact

Analysis on potential impact (Family Level)
- Extract the families of more than 100 specimen
- Analysis for change in pattern by traps/period

- Study on the habitat of identified families and
examine the potential impact

The world's leading sustainability consultancy
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Stepl: Data organization at order level

PL12-1 9,829 1,838 8,901 1,081
PL12-3 80,124 8,657 72,468 4,315
PL12-4 7,868 1,861 7,127 1,163
PL12-6 13,145 2,186 12,055 1,201
PL12-7 9,825 1,700 9,122 977 Dominant Order
PL12-9 15,715 2,528 14,104 1,442 .
TOTAL 136,506 11,216 123,777 5,247 v' Di ptera
v Hymenoptera
. v
Ratio of number of Colc_eoptera
Ratio of number of specimen per Order v Lepldoptel‘a
species per Order v' Hemiptera
19
The world's leading sustainability consultancy ERM

Step2: Data organization for each trap

Information
Arrangement

Data Analysis

20

Data organization at order level
- Total number of species/speciemen
- Number of species/speciemen by weekly

Data organization for each trap(Order Level
- Number of species/specimen for each point
- Biodiversity indicator

Analysis on potential impact (Order Level)
@ - Analysis for change in pattern by traps
- Screen potential impact

Analysis on potential impact (Family Level)
- Extract the families of more than 100 specimen
@ - Analysis for change in pattern by traps/period

- Study on the habitat of identified families and
examine the potential impact

The world's leading sustainability consultancy
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Step2: Data organization for each trap

B Change in Insect Community by Order

Number of species by Oder (Annual)

Number of specimen by Oder (Annual)

Type Nol | No3 No4 | No6 | No7 | No9 Type Nol No3 No4 No6 No7 No9
xz’l‘amm hosis | Archaeognatha 4 2 2| 3 2 2 x‘;’t‘mo hosis | Archaeognatha 216 2 7 66 2 67
Odonata 1 Odonata 1
Plecoptera 2 Plecoptera 3
Embioptera 1 1 2 1 1 i 5 9 6 6 1
Phasmatodea 3 2 2 2 Phasmatodea 4 2 2 2
Orthoptera 31 48 23 26 20 25 Incomplete Orthoptera 87 478 86 59 72 114
metamorphosi | Blattodea 26 26 20| 21 17| 23 metamorphosi | Blattodea 172 323 206 184 9 | 212
s Dermaptera 6 6 5 1 1 3 S Dermaptera 13 16 10 1 2 11
Psocodea 52 83 41 66 47 47 Psocodea 332 1407 378 509 411 524
Thysanoptera 9 46 11 16 3 18 Thysanoptera 31 215 22 84 3 123
Mantodea 7 2 Mantodea 22 22
Hemiptera 134 485 96 | 146 151 150 Hemiptera 1256 2801 202 1127 637 1045
Isoptera 4 11 1 3 2 4 Isoptera 13 62 2 35 2 15
Neuroptera 1 9 8 12 17 10 Neuroptera 19 138 18 37 a 27
Complete Coleoptera 437 | 1200 358 | 541 501 577 Complete Coleoptera 1451 6520 1135 3080 1659 3182
metamorphosi | Hymenoptera 263| 1952 | 232| 413| 214| s27 metamorphosi | Hymenoptera 1475 | 14788 | 1710 | 1702 | 2898 | 2919
s Diptera 662 | 3763 797 | 641 431 | 898 s Diptera 3096 | 37945 2729 3411 1316 4506
Trichoptera 38 + 10 3 Trichoptera 54 1 13 4
L 195 966 265| 293 283 | 236 Lepidoptera 731 7659 616 1751 1958 1330
TOTAL | 1838 | 8657 | 1861 | 2186 | 1700 | 2528 TOTAL 8901 | 72468 7127 | 12055 9122 | 14104
21
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Step3: Analysis on potential impact (Order Level)

Information
Arrangement

Data organization at order level
- Total number of species/speciemen
- Number of species/speciemen by weekly

Data organization for each trap(Order Level
- Number of species/specimen for each point
- Biodiversity indicator

Analysis on potential impact (Order Level)
- Analysis for change in pattern by traps
- Screen potential impact

@

Data Analysis

22

Analysis on potential impact (Family Level)
- Extract the families of more than 100 specimen

- Analysis for change in pattern by traps/period

- Study on the habitat of identified families and
examine the potential impact

The world's leading sustainability consultancy
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Step3: Analysis on potential impact (Order Level)

B Change in number of species/Specimen by traps (except No.3)

Number of

Species
Number of
Specimen

23
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Step3: Analysis on potential impact (Order Level)

B Change in number of species by Order

24
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Step3: Analysis on potential impact (Order Level)

B Change in number of species by Order
v No recovery after a week of 43 at No.7

The world's leading sustainability consultancy

25
ERM

24/03/2017

Step3: Analysis on potential impact (Order Level)

B Change in number of specimen by Order

26
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Step3: Analysis on potential impact (Order Level)

B Change in number of specimen by Order

v" No recovery after a week of 43 at No.7

27
ERM
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Step3: Analysis on potential impact (Order Level)

B Change in Insect Community by Order
B Use of Index:

v" Shannon-Weiner

v Simpson

28
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Step3: Analysis on potential impact (Order Level)

B Change in Insect Community by Order
B Use following Index:
v" Shannon-Weiner

v Simpson
¢
v Value of biodiversity Index P .
drops after week of 43. Moo !

29
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ERM

Step3: Analysis on potential impact (Order Level)

PL12-7

30
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ERM
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Composition of SW
PL12-1 PL12-9
PL12-3 PL12-7
31
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Step3: Analysis on potential impact (Order Level)

B Diptera
I— c—
Change in number of specimen Change in number of species
B No recovery after a week of 43 at No.7
32
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Step3: Analysis on potential impact (Order Level)

B |epidoptera

Change in number of specimen Change in number of species

® No recovery after a week of 43 at No.7

33
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Step3: Analysis on potential impact (Order Level)

B Coleoptera

Change in number of specimen Change in number of species

B No recovery after a week of 43 at No.7

34
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Step3: Analysis on potential impact (Order Level)

B Hemiptera

—) —
Change in number of specimen Change in number of species
35
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Step4: Analysis on potential impact (Family Level)

Data organization at order level

- Total number of species/speciemen
- Number of species/speciemen by weekly

Data organization for each trap(Order Level
@ - Number of species/specimen for each point
- Biodiversity indicator

Information
Arrangement

Analysis on potential impact (Order Level)
@ - Analysis for change in pattern by traps
- Screen potential impact

Analysis on potential impact (Family Level)
- Extract the families of more than 100 specimen
@ - Analysis for change in pattern by traps/period

- Study on the habitat of identified families and
- examine the potential impact

Data Analysis

36
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Step4: Analysis on potential impact (Family Level)

Change in Insect Community by Families for selected Orders

[ |

v Lepidoptera
v' Diptera

v' Coleoptera
v' Hemiptera

37
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Step4: Analysis on potential impact (Family Level)

B Change in number of species by Family Level

v' Diptera

Chironomidae

Psychodiade

Sciaridae

Cecidomyiiae

38
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Step4: Analysis on potential impact (Family Level)

B Change in number of Specimen by Family Level

v' Diptera

39
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Chironomidae

Psychodiade

Sciaridae

Cecidomyiiae

ERM

Step4: Analysis on potential impact (Family Level)

B Cecidomyiidae PL12-7&9

18 BINs(samples)

19 BINs(samples)

40
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PL12-9

PL12-7

ERM
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Cecidomyiidae

Identification: Minutes to small flies, very fragile. Most measure
1-5 mm in length, but some measure as much as 8mm.

Habitats: Some larvae feed on fungi and are common in rotten
wood, decomposing leaf litter and In the soil. Many are gall
makers, feeding on plant tissue or on fungi associated with the
gall, Others are free living as predators of mites and small
Insects or internal parasites of aphids. Most adults are poor
flyers and are more common in sites protected from the wind.

Species: About 5,000 species have been described worldwide;
this is thought to be a fraction of the true number.

(Source: Diptera of Costa Rica and the New World tropics)

41
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ERM

Step4: Analysis on potential impact (Family Level)

B Change in number of species by Family Level

v Lepidoptera

Cosmopterigidae Depressariidae

Gelechiidae

Tineidae

42
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Step4: Analysis on potential impact (Family Level)

B Change in number of Specimen by Family Level

v Lepidoptera

Cosmopterigidae

Depressariidae

Gelechiidae

Tineidae

43
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ERM

Step4: Analysis on potential impact (Family Level)

B Change in number of species by Family Level

v' Coleoptera

Chrysomelidae | Cleridae

Curculionidae

Elateridae Throscidae

Mordellidae

44
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Step4: Analysis on potential impact (Family Level)
B Change in number of Specimen by Family Level
v' Coleoptera
Chrysomelidae | Cleridae Curculionidae Elateridae msmdae Mordellidae
45
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Step4: Analysis on potential impact (Family Level)
B Change in number of species by Family Level
v' Hemiptera
Cicadellidae Rhyparochromidae
46
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Step4: Analysis on potential impact (Family Level)

B Change in number of Specimen by Family Level

v' Hemiptera

Cicadellidae

Rhyparochromidae

47 ol
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Findings from data analysis
1. Atthe access road side(PL12-7), it can be said that the
environmental effects on Diptera are found to be very likely.
2. Some Diptera are known to have multiple life cycles in a year,
which would help us understand the effects with one year P
data. NS
3. The number of Cecidomyiidae and Chironomidae collected at
PL12-7 are obviously smaller than other traps.
4. Many of Cecidomyiidae family are gall makers, feeding on
plant tissue or on fungi associated with the gall.
5. Chironomidae are aquatic species that prefer moisture.
6. Itis assumed that dust from the access road affected
Cecidomyiidae family and the open environment dried the
roadside area. But this should be verified.
7. Short term environmental effects on other species would be
found when comparing the 1st and 2nd year data.
8. Long term environmental effects would be found with long
term monitoring.
48 5
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Findings for EIA improvement

B Use of flying insect as impact analysis
v" More than 90% of insect is flying insect—Representativeness
v' Can be used for quantitative assessment

B Usefulness of Malaise Trap + DNA Barcoding

v' Be able to catch many species/specimen effectively and
identify precisely including species that could be an impact
indicator such as

>

>

>

>

Species that are highly dependent of specific environmental
conditions

Species that are highly dependent of specific plant: species with gall
inducing fly (Cecidomyiidae)

Short life cycle species

Low cost

B Tool as impact indicator

v" New impact assessment methodology as quantitative
assessment (Composition of insect community)

v" Be able to catch a change in a composition of insect community

throughout year;

3

»
49 >

Change in species level
Change in short life cycle species

The world's leading sustainability consultancy

Findings from pilot study

B Malaise Trap
v" Need to consider the location and position of the trap carefully.

B Tool as impact indicator

v Itis yet unknown what kind of and how much of the impact from the project can be

detected.
v" Need to examine if any impact indicator can be identified

>

r

Composition of insect community
Specific order/family/species

v Itis important to consider seasonal change of insect community

B Singleton BIN

v' There are so many unknown/rare species

v" For the purpose of EIA, it may not necessary to try to collect all species.
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5. Discussions
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\

ER

B Impact Monitoring
v' Malaise Trap
v" Measuring of change

v Monitoring Methodology
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B E|A process
v' EIA for Geothermal Development
v' Scope of Survey

v" Monitoring Plan
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Thank you!!
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LISTA OFICIAL DE LA REPUBLICA DE COSTA RICA

"Lista de Especies de Fauna Silvestre con Poblaciones Reducidas y en Peligro de Extincidn
para Costa Rica"

Decreto N° 26435-MINAE
Ministerio de Ambiente y Energia (MINAE)
Publicado en La Gaceta el 3 de diciembre de 1997

LISTA DE FAUNA CON POBLACIONES REDUCIDAS

Se consideran especies de fauna con poblaciones reducidas o amenazadas las incluidas en los siguientes

taxones, asi como aquellas especies que posteriormente se declaren como tales:

NOMBRE CIENTIFICO NOMBRE COMUN CITES *
ANTHOZOA

Orden ANTIPATHARIA corales negro Il

Orden SCLERACTINIA corales negro Il
HYDROZOA

Orden MELLEPORINA

Familia MILLEPORIDAE Coral rojo Il

Orden STYLASERINA

Familia STYLASTERIDAE Coral blando 1l
ARACHNIDA

Orden ARANEAE

Familia THERAPOSIDAE

Brachypelma spp Tarantula Il
AVES

Orden TINAMIFORMES

Familia TINAMIDAE

Tinamus major gongolona

Crypturellus boucardi gongolona

Orden CICONNFORMES

Familia ARDEIDAE

Botaurus pinnatus puncus

Ixobrychus exilis mirasol

Agamia agami garza pechicastafa

' El listado oficial no contempla esta columna. La informacion fue suministrada a través

de la autoridad cientiflc CITES de Costa Rica



NOMBRE CIENTIFICO

NOMBRE COMUN

CITES *

Familia THRESKIORNITHIDAE
Mesembrinibis cayennensis
Familia CATHARTIDAE
Sarcoramphus papel
Orden ANSERIFORMES
Familia ANATIDAE
Cairina moschata
Nomonyx dominicus
Orden FALCONIFORMES
Familia ACOPITRIDAE
Cbondrohierax uncinatus
Rostrbctmus sociabilis
Accipiter superciliosus
Bufeo albicaudatus
Leucoptemis semiplumbea
Busarellus nigricollis
Buteoganits urubitinga
Spizastur melanoleucus
Spizaetus ornatus
Spizaetus tyrfmnus
Geranospiza caerrulescens
Familia FALCONIDAE
Micrastur semitorquatus
Micrastur mirandollei

Falco peregrinus

Falco rufiguluris

Orden GALLIFORMES
Familia CRACIDAE

Crax rubra

Penelope purpurascens
Familia ODONTOPHORIDAE
Odontophorus gujamensis
Odontophorus erythrops
Orden GRUIFORMES
Familia RALLIDAE
Aramides axillaris

Familia EURYPYGIDAE
Eurypyga helias

Orden COLUMBIFORMES
Familia COLUMBIDAE
Columba speciosa
Claravis mondetoura
Gvotrygon violacea

Orden PSIITACIFORMES
Familia PSITTACIDAE
Amazona autumnalis
Amazona farinosa
Amazona albifrons
Amazona auropalliata
Pionopsitta haematotis
Pionus senilis

Pionas menstruus

COCO negro

rey de zopilotes

pato real
pato enmascarado

gavilan piquiganchudo
gavilan caracolero
gavilan camaleon
gavilan tic -sabana
gavilan uorsiplomiso
gavilan de ciénaga
gavilan silvcro
aguilucho

aguilucho

aguilucho

gavilan ranero

halcén collarejo de monte
halcén dor-sigris de monte
halcon peregrino

halcén caza murciélago

pavon
pava granadera

corcovado
chirrascua

rascon cuellirrufo

soly luna

torcaza
tortolita serranera
paloma o perdiz violacea

lora copete rojo

ora coronigris
cotorra frentiblanca
lora nuca amarilla
cotorra cabeciparda
cotorra coroniblanca
cotorra cabeciazul




NOMBRE CIENTIFICO

NOMBRE COMUN

CITES *

Aratinga canicularis
Aratinga finschi

Aratinga nana

Touit costaricensis
Brotogeris juguluris
Boiborhynchus lineola
Pyrrhura hoffmtfimi

Orden CUCUUFORMES
Familia CUCULIDAE
Coccyzus ferrugineus
Orden STRIGIFORMES
Familia STRIGIDAE

Otus guatemalae
Lophostrix cristata

Bubo virginitiflus

Orden APODIFORMES
Familia TROCHILIDAE
Luphomis helenae
Amuzilia boucardi

Orden TROGONIFORMES
Familia TROGONIDAE
Trogon clathratus

Trogon aurantiirentris
Orden CORACUFORMES
Familia ALCEDINIDAE
Cbloruceryie inda

Familia MOMOTIDAE
Hylomanes momotula
Electron carinatum

Orden PICIFORMES
Famuia GALBUUDAE
jaccnnerops aurea

Familia BUCCONIDAE
Nothrachus tectus

Familia PICIDAE
Melanerpes chrysauchen
Orden PASSERIFORMES
Familia DENDROCOLAPTIDAE
Deconychura longicauda
Campylorhdmphus pusillus
Xiphocolaptes promeropirhyncbus
Familia PIPRIDAE
Chiravipbia lanceolata
Piprites griseiceps

Familia COTINGIDAE
Cotinga ridgwayi

Cotinga amabilis
Carpodectes antoniae
Cephalopterus glabricollis
Procnias tricarunculata
Laniocera rufescens

perico frentilanaranjado

perico frentirrojo

perico barbiolivaceo

periquito alirrojo

perico barbianaranjado
periquito listado

periquito aliazufrado

cuclillo de la Isla del Coco

estucuru
lechuza
buho grande

colibri crcstinegro
colibri manglcro

trogén ojiblanco
trogén vientrianaranjado

martin pescador

momoto enano
momoto picoquilla

gorrién de montafia
buco pinto

carpintero nuquidorado

trepador delgado
trepador pico de hoz
trepador gigante

saltarin coludo
saltarin cabccigris

cotinga turquesa

cotinga linda

cotinga pechiamarillo

pajaro paraguas

calandria o pajaro campana
plafiidera moteada




NOMBRE CIENTIFICO

NOMBRE COMUN

CITES *

Familia TYRANNIDAE
Nesotriccus ridgwayi
Aphanotriccus capitalis
Familia CORVIDAE
Cyanocorax affinis
Familia VIREONIDAE
Vireo pallens

Familia ICTERIDAE
Icterus pectoralis
Familia THRAI IPIDAE
Lanio leucothorcix
Heterospingus rubrifrons
Rhodinocichict rosea
Familia EMBERI2IDAE
Pinaroloxias momata
Aimophili hotterii
Emberizoides berbicola

mosquerito de la Isla del Coco
mosquerito pechitconada

urraca pechincgra

vireo de manglar

bolsero pcchimanchada
tangara piquiganchuda
langara lomiaxufrada
tangara pcchirosada
pinzoén de la Isla del Coco

sabanero pechianteado
sabanero coludo

MAMIFEROS (MAMMALIA)

Orden XENARTHRA
Familia BRADYPODIDAE
Choloepus hoffmcmni
Familia DASYPODIDAE
Cabassous centralis
Orden CHIROPTERA
Familia PHYLLOSTOMIDAE
Vampyrun spectrum
Orden PRIMATES
Familia CEBIDAE

Cebus capttdmts

Orden CARNIVORA
Familia PROCYONIDAE
Bassaricyon gabbii
Bassariscus sumicbrasti
Familia MUSTEUDAE
Gallictis vittata

Lutra longicaudis

Orden RODENTIA
Familia SCIURIDAE
Syntheosciurus poasencis
Sciurus deppei

Familia GEOMYDAE
Orthogeomys underwoodi
Familia CRICETIDAE
Oryzomys capito
Oryzomys aphrastus
Reithrociontomys gracilis

perezoso de dos dedos
armadillo zopilote
falso vampiro

mono carablanca
olingo

ostoche

grisén

nutria, perro de agua
ardilla del Poas
ardilla

taltuza

ratén arrocero

ratén arrocero
ratén arrocero




NOMBRE CIENTIFICO

NOMBRE COMUN

CITES *

ANFIBIOS (AMPHIBIA)

Orden ANURA

Familia LEPTODACTYUDAE
Eleutherodactylus altan
Eleutherodactylus andi
Eleutherodactylus angelicus
Eleutherodactylus biporcatus
Eleutherodactylus cuaquero
Eleutherodactylus escoces
Eleutherodactylus fleischamanni
Eleutherodactylus gaigei
Eleutherodactylus gollmeri
Eleutberodiiclylus melunostictus
Eleutherodactylus mimus
Eleutherodactylus moro
Eleutherodactylus noblei
Eleutherodactylus pardalis
Eleutherodactylus podiciferus
Eleutherodactylus punctariolus
Eleutherodactylus rayo
Eleutherodactylus rugulosus
Eteutherodactylus taurus
Physalaemus pustulosus
Familia BUFONIDAE
Atelopus chiriquiensis
Atelopus senex

Bufo holdridgei

Bufo luetkenii

Bufo melanochioris
Crepidophryne epiotica
Familia HYUDAE

Agtilychnis annae
Agalycbnis calcarifer
Agalychnis saltator
Agalychnis spurrelli
Anotheca spinosa
Gastrotheca comuta

Hyla colymba

Hyla debilis

Hyla fimbrimembra

Hyla lythrodes

Hyla microcephala

Hyla miliaria

Hyla picadoi

Hyla xanthosticta

Hyla zeteki

Phyllomedusa Iémur

Familia DENDROBATIDAE
Colostet hus nubicola
Colostethus talamancas
Dendrobatos auratus
Dendrobatos granuliferus
Dendrobatos pumilio

ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
ranas
sapito

sapitos venenosos
sapitos venenosos
sapo de holdridgei

ranas

ranas arboricolas
ranas arboricolas
ranas arboricolas
ranas arboricolas
rana coronada
rana cornuda
rana arboricola
rana arboricola
rana arboricola
rana arboricola
rana arboricola
rana arboricola
rana arboricela
rana arboricola
rana arboricela
rana arboricola

sapitos

sapitos

sapito venenoso
sapito o rana dardo
sapito venenoso




NOMBRE CIENTIFICO

NOMBRE COMUN

CITES

Phyllobates lugubris
Phyllobates ritattus

Familia CENTROLENIDAE
Hyalinobatrachium chirripoi
Cochranella euknemos
Centrolene ilex

Centrolene spinosa
Hyalinobatrcichium vireovittata
Familia RANIDAE

Rana ribicaria

Orden CAUDATA

Familia CAECILIDAE
Dermophis mexicanus
Dermohis parriceps
Gymnnopis multiplicata
Oscaecilia osae

Familia PLETHODONTIDAE
Bolitoglossa alvaradoi
Bolitoglossa arborescandens
Bolitoglossci cerroensis
Bolitoglossa colonnea
Bolitoglossa diminuta
Bolitoglossa marmorea
Bolitoglossa minutula
Bolitoglossa nigrescens
Bolitoglossa robusta
Bolitoglossa schizodactyla
Bolitoglossa sooyorum
Nototriton picadoi
Nototriton rihardi

Oedipina alfaroi

Oedipina altura

Oedipina carablanca
Oedipina collaris

Oedipina complex
Oedipina cyclocauda
Oedipina granais

Oedipina paucidentata
Oedipina parvipes

sapitos venenosos
sapitos venenosos

ranas de vidrio
ranas de vidrio
ranas de vidrio
ranas de vidrio
ranas de vidrio

salamandras
salamandras
salamandras
salamandras

salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras
salamandras

REPTILES (REPTILIA)

Orden CROCODYLIA
Familia ALLIGATORIDAE
Caiman crocodilos
Orden SAURIA

Familia GEKKONIDAE
Coleonyx mitratiis
Tecadactylus rapicaudus
Familia POLYCHRIDAE
Dactyloa chocorum
Dactyloa frenatus
Dactyloa insignis
Dactyloa microtus

Caiméan o guajipal




NOMBRE CIENTIFICO

NOMBRE COMUN

CITES

Norops altae

Norops carpenteri
Norops fungosus
Norops lemurinus
Norops pentaprion
Norops sericeus

Norops wciferans
Polychrus gutturosus
Familia CYMNOPHTALMIDAE
Bachia blairi

Nensticurus apodenlas
Familia SCINCIDAE
Eumeces managuae
Familia ANGUIDAE
Celestas cyanochioris
Coloptychon rhombifer
Orden SERPENTES
Familia BOIDAE
Comllus annulatus
Corallus hortulanus
Epicrates cenchrici
Familia TROPIDOPHIIDAE
Ungaliophis panamensis
Familia COLUBRIDAE
Oelia clelict

Familia ANILIIDAE
Llixocemus bicolor
Orden TESTUDINES
Familia CHELYDRIDAE
Cbelydra serpentina
Familia KINOSTERNIDAE
Kinostemon angustipons

coral
coral
serpiente
serpiente

serpiente

serpiente

tortuga lagarto

tortuga candado




LISTA DE FAUNA CON POBLACION EN PELIGRO DE EXTINCION

NOMBRE CIENTIFICO

NOMBRE COMUN

CITES *

AVES 0QJO

Orden CICONIIFORMES
Familia CICONIIDAE
Jabiru mycteria

Familia THRESKIORNITHIOAE
Ajaia ajaia

Orden ANSERIFORMES
Familia ANATIDAE
Dendrocygna bicolor
Dendrocygna viduata
Orden FALCONIFORMES
Familia ACCIPITRIDAE
Harpia harpyja
Harpyhaliaetus solitarius
Morphnus guianensis
Familia FALCONIDAF
Daptrius americanus

falco deiroleucus

Orden GRUIFORMES
Familia EURYPYGIDAE
Eurypyga helias

Familia HEUORNITHIDAE
Heliomis fulica

Orden PSITTACIFORMES
Familia PSITTACIDAE
Ara ambigua

Ara macuo

Orden PASSERIFORMES
Familia TROGLODYTIDAE
Cistothorus platensis
Familia THRAUP1UAE
Habia atrimaxilaris

Familia ICTERIDAE
Icterus mesamelas

galan sin ventura
espatula rosada
piche canelo

piche careto

aguila harpia
aguila solitaria
aguila crestada
cacao

halcon pechirrufo
garza sol

pato cantil

lapa verde

lapa roja
guachipclin

tangara hormiguera
bolsero coliamarillo, chorcha

MAMIFEROS (MAMMALIA)

Orden XENTARTHRA
Familia MYRMECOPHAGIDAE
Mynnecophaga triaactyla
Orden PRIMATES
Familia CEBIDAE
Saimiri oerstedii oerstedii
Ateles geoffroyi

Alouatta palliata

Orden CARNIVORA
Familia FELIDAE
Panthera onca

Puma concolor

gran 0so hormiguero, oso caballo

mono ardilla
mono clilorauo
mono congo

jaguar
puma




NOMBRE CIENTIFICO

NOMBRE COMUN

CITES *

Leopardus pardalis
Leopardus tigrinus
Leopardos wiedii
Herpailurus yaguarondi
Orden SIRENIA

Familia TRICHECHIDAE
Trichechus manatiis
Orden PERISSODACTYLA
Familia TAPIRIDAE
Tcipirus bairdii

Orden ARTIODACTYLA
Familia TAYASSUIDAE
Tayassu pecari

manigordo
caucel
caucel

leén brefiero

manati

danta

cariblanco

ANFIBIOS (AMPHIBIA)

Orden ANURA
Familia BUFONIDAE
Bufo periglenes
Alelopus varius

sapo dorado
sapitos venenosos

REPTILES (REPTILIA)

Orden CROCODYLIA
Familia ALLIGATORIDAE
Crocodylus acutus

Orden SERPENTES
Familia BOIDAE

Boa constrictor

Orden TESTUDINES
Familia CHELONIIDAE
Caretta carvtta

Chelonia agassizii
Chelonia mydas
Eretmochelys imbricata
Lepidochelys olivacea
Familia DERMOCHELYIDAE
Dennocbeiys coriacea

cocodrilo, lagarto

boa o bécquer

tortuga cabezona o caguama
tortuga negra

tortuga verde

tortuga de carey

tortuga lora

tortuga baula

ESPECIES ANIMALES INCLUIDAS EN EL APENDICE Ill DE CITES POR COSTA RICA

Choloepus hoffmanni
Sciurus deppei
Cabassous centralis
Bassaricyan gabbii
Bassarioyon sumichrasti
Galictis vittata

Crax rubra

perezoso

ardilla del Poas
armadillo zopilote
olingo

cacomistie

grisén

pavon




LISTA ROJA GLOBAL PARA COSTA RICA

Fuente : The Worid Conservation Monitoring Centre

Se utilizaron las categorias de la UICN para clasificar a cada especie. (Anexo # 2y #
3 del articulo: Importancia de las listas Rojas para Centroamérica y México)

NOMBRE CIENTIFICO

NOMBRE COMUN

CATEGORIA

MAMMALIA

Orden DIDELPHIMORPHIA
Familia DIDELPHIDAE
Caluromys derbianus
Chironectes minimus
Micoureus aistuni

Orden XENARTHRA
Familia MEGALONYCHIDAE
Choloepus hoffmcmni
Familia DASYPODIDAE
Cahassous centralis

Familia MYRMECOPHAG1DAE
Myrmecophaga tridactyla
Orden INSECTIVORA
Familia SORICIUAE
Cryptotis gracilis

Orden CHMOPTERA
Familia EMBALLONURIDAE
Cyttarops alecto

Familia PHYLLOSTOMIDAE
Choeroniscus godmani
Dipbylla ecaudata
Micronycteris daviesi
Micronycteris sylvestris
Stumira mordax

Vampyrum spectrum
Familia VESPERTIUONIDAE
Antrozous dubiaquercus
Lasiurus castaneus

Familia MOLOSSIDAE
Molossus coibensis
Tadarida brasiliensis

Orden PRIMATES

Familia CEBIDAE

Aotus lemurinus

Aotus lemurinus lemurinus
Ateles geoffroyi frontatus
Ateles geoffroyi omatus
Aleles geoffroyi panamensis
Saimiri oerstedi citrinellus
Saimiri oerstedii oerstedii
Saimiri oerstedii

Orden CARNIVORA

familia FEUDAE

leopardus trigrinus

Panthera onca

Armadillo zopilote

Gran 0so hormiguero, oso caballo

Falso vampiro

Mono colorado
Mono colorado
Mono colorado

Mono ardilla

Caucel
Jaguar

Vulnerable/Alc
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada

Datos insuficientes
Datos insuficientes

Vulnerable/Alcd

Vulnerable/B1+2c

Menor riesgo : casi amenazada

Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada

Vulnerable/A2c, D2
Vulncrable/D2

Menor riesgo : casi amenazada
Menor riesgo : casi amenazada

Vulnerable/B1+2c
Vulnerable/B1+2c, C2a
Vulnerable/Alc, B1+2c
Vulnerable/Alc, B1+2c

En peligro/B1+2abcde,C2a

En peligro eritico/B1+2abcde, C2a
En peligro/B1+2abcde,C2a

En peligro/B1+2abcde, C2a

Menor riesgo : casi amenazada
Menor riesgo : casi amenazada



NOMBRE CIENTIFICO

NOMBRE COMUN

CITES

MAMMALIA
Familia PROCYONIDAE
Bassaricyon gabii Olingo Menor riesgo : casi amenazada
Bassaricyon lasius En peligro/D1
Bassariscus sumicbrastt Ostoche Menor riesgo : casi amenazada
Orden SIRENIA
Familia TRICHECHIDAE
Trichechus manatus Manati Vulnerable/A2d
Trichechus manatus manatus Vulnerable/Alcd,C2a
Orden PERISSODACTYLA
Familia TAPIRIDAE
Tapirus bairdii Danta Vulnerable/A labcd+2bce, C2a
Orden RODENTIA
Familia SCIURIDAE
Syntheosciurus brochas Menor riesgo : casi amenazada
Familia GEOMYDAE
Orthogeomys cherriei Menor riesgo : casi amenazada
Orthogeomys heterodus Vulnerable/B1+2ac
Familia HETEROMYIDAE
Heteromys oresterus Menor riesgo : casi amenazada
Familia MURIDAE
Refthrodontomys paradoxus Menor riesgo : casi amenazada
Reithrodontomys rodriguezi Vulnerable/B1+2c
Sigmodontomys aphrastus En peligro critico/B1+2c
Orden LAGOMORPHA
Familia LEPORIDAE
Sylvilagus dicei En peligro/Alc+2bc, B2c+3c
AVES

Orden PROCELLARIIFORMES
Familia PROCELLARIIDAE
Pterodroma phaeopygia
Puffinus creatopus

Orden PELECANIFORMES
Familia SULIDAE

Papasula abbotti

Orden CICONIBFORMES
Familia ARDEIDAE

Agamia agami

Tigrisoma fasciatum

Orden FALCONIFORMES
Familia ACCIPITRIDAE
Harpia harpyja
Harpyhaliaetus solitarius
Leucoptemis plumbea
Leucoptemis semiplumbea
Morphnus guianensis
Spizastur melanoleucus
Familia FALCONIDAE
Falco deiroleucus

Orden GALUFORMES
Familia CRACIDAE
Chamaepetes unicolor
Familia ODONTOPHORIDAE
Odontopborus leucolaemus

Garza pechicastafa

Aguila harpia
Aguila solitaria

Gavilan dorsiplomiso
Aguila crestada
Aguilucho

Halcon pechirrufo

En peligro cri tico/A lace+2ce
Vulnerable/D2

Vulnerable/C2b, D2

Menor riesgo : casi amenazada
Menor riesgo : casi amenazada

Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada

Menor riesgo : casi amenazada

Menor riesgo : casi amenazada

Menor riesgo : casi amenazada



NOMBRE CIENTIFICO

NOMBRE COMUN

CITES

Orden PSITTACIFORMES
Familia PSITTACIDAE
Ara militaris

Touit costaricensis

Orden CUCULIFORMES
Familia CUCULIDAE
Coccyzus ferrugineus
Orden STRIGIFORMES
Familia STRIGIDAE
Aegolitts ridgwayi

Orden APODIFORMES
FamiliaTROCHILIDAE
Amazilia boucardi
Philodice bryantae

Orden TROGONIFORMES
Familia TROGONIDAE
Pharomachrus mocinno
Tragon bairdii

Orden CORACDFORMES
Famuia MOMOTIDAE
Electron carinatum
Orden PICIFORMES
Familia BUCCONIDAE
Micromonacba lanceolata
Orden PASSERIFORMES
Familia COTINGIDAE
Carpodectes antoniae
Cephalopterus glabricollis
Cotinga ridgwayi
Procnias tricarunculata
Familia PIPRIDAE
Piprites griseiceps
Familia TYRANNIDAE
Aphanotriccus capitalis
Contopus ocbraceus
Nesotriccus ridgwayi
Familia EMBERIZIDAE
Acanthidops bairdii
Pinarolaxias inornata
Pinarolaxias inornata
Familia THRAUPIDAE
Bangsia arcaei

Habia atrimaxillaris
Familia ICTERIDAE
Quiscalus nicaraguensis

Periquito alirrojo

Cuclillo de la Isla del Coco

Colibri manglero

Momoto picoquilla

Cotinga pechiamarillo
Péajaro paraguas

Cotinga turquesa

Calandria o P4jaro campana
Saltarin cabecigris
Mosquerito pechileonada

Mosquerito de la Isla del Coco

Pinz6n de la Isla del Coco

Vulnerable/Alc, C2a
Menor riesgo : casi amenazada

Vulnerable/D2

Menor riesgo : casi amenazada

Vulnerable/B1+2c, C2b
Menor riesgo : casi amenazada

Menor riesgo : casi amenazada
Menor riesgo : casi amenazada

Menor riesgo : casi amenazada

Menor riesgo : casi amenazada

Vulnerable/Alc+2c; C1+2a
Vulnerable/Alc+2c, C1+2a
Vulnerable/C2b
Vulnerable/Alc+2c

Menor riesgo : casi amenazada

Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Vulnerable/D2

Vulnerable/D2

Menor riesgo : casi amenazada
Menor riesgo : casi amenazada
Vulnerable/B1+2c, C1+2b

Menor riesgo : casi amenazada

REPTIUA

Orden CROCODYLIA
Familia CROCODYLIDAE
Crocodylus acutus

Orden TESTUDINES
Familia CHELONIIDAE
Caretta caretta

Chelonia mydas

Cocodrilo, lagarto

Tortuga cabezona o caguama
Tortuga verde

Vulnerable/Al ac

En peligro/Alabd
En peligro/Alabd



NOMBRE COMUN

CITES

Eretmochelys imbricala
Lepidochetys olivacea
Familia DERMOCHELYIDAE
Dermochelys coriacea
Familia EMYDIDAE
Rhinoclemmys annulata
Rhinoclemmys funerea
Trachemys scripta

Familia KINOSTERNIDAE
Kinostemon angustipons

Tortuga de carey
Tortuga lora

Tortuga baula

Tortuga candado

En peligro critico/Alabd+2bcd
En peligro/A labd

En peligro/A 1abd
Menor riesgo : casi amenazada
Menor riesgo : casi amenazada

Menor riesgo : casi amenazada

Vulnerable/B1+2¢c

AMPHIBIA

Orden ANURA
Familia BUFONIDAE
Bufo periglens

Sapo dorado

En peligro critico/B1+2ce+3b

INSECTA
Orden LEPIDOPTERA
Familia HESPERIIDAE
Dalla octomaculata Datos insuficientes
Orden ODONATA
Familia GOMPHIDAE
Diaphelbia pallidistylus En peligro/Alc
Epigomphus camelus En peligro/Alc
Epigomphus subsimilis En peligro/Alc
Epigomphus verticomis En peligro/Alc
Familia MEGAPODAGRIONIDAE
Thaumatoneura inopinata En peligro/Alc
Familia PLATYSTICTIDAE
Palaemnema chiriquita En peligro/Alc
Palaemnema gigantula En peligro/Alc
Palaemnema melanota En peligro/Alc
Palaemnema reventazoni En peligro/Alc
GASTROPODA

Orden STYLOMMATOPHORA
Familia OLEACINIDAE
Streptostyla turgidula

Familia SUBULINIDAE
Beckianum sinistrum

Datos insuficientes

Menor riesgo casi amenazada
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