Introduction

%LRGLYHUVLIN FDQ EH GH¢,QHG DV IKH YDUDELLN RI 0LYLQJ RUJDQLYPV IURP DU
VRXUFHV DQG IKH HFRIRJLFD) FRPSIH[HV IKH\ DUH D SDUIl RI' VXFK DV GLYHUVLIN
EHIZHHQ VSHFLHV DQG HFRVAVIHPV DQG ZLIKLQ VSHFLHV  7LIH\ Hil DO
ORVI GLYHUVUIN LV GLVFXVVHG DV IKH VSHFLHV (HYHI DV WKDW LV IKH FRPSIH[
KD FRUUHIDIHV EHW ZWIK VSHFLIHV ULFKQHVV  6SHFLHV ULFKQHVV RQ IIKH RIK-
HU KDQG LV IKH QXPEHU RI GL HUHQW VSHFLHV IKDIl DUH SUHVHQIl LQ D VSHFLF
DUHD 6SHFLHV ULFKQHVV LV D JRRG PHDVXUH RI VSHFLHV ELRGLYHWLIN EHFDXVH
LI SURYLGHV UHVHDUFKHWV RU VFLHQILVIV ZIK D PHDVXUH Rl KRZ DVVRUIHG D SRS-
XIDILRQ LV 6SHFLHV UFKQHVV DFURVV UHJLRQV FDQ RQI\ EH FKDQJHG DQG H[-
SIDLQHG EDVHG RQ VSHFIDIIRQ H[WQFILRQ DQG GLVSHUVD) 3\URQ DQG = [HQV

2QFH WKHUH LV D JHQHUD! LGHD RI KRZ PDQ\ GL HUHQHW VSHFLHV IKHUH

DUH SUHVHQII LQ WKH UHJLRQ RI VIXG\ VSHFLHV] DEXQGDQFH FDQ EH REVHUYHG
6SHFLHV] DEXQGDQFH LV D PHDVXUH RI KRZ PDQ\ LQGLYLGXD(V WKHUH DUH IURP
RQH VSHFLHV UHIDILYH R ¥KH HQILUH SRSXIDILRQ 7KHVH FRQFHSIV FDQ EH XVHG
IR XQGHUWIDQG FRPSIH[ KDELIDIV DQG SURYLGH UHDVRQV IRU YDUHG ELRGLYHU-
VUN\ DFURVV QXPHURXV UHJILRQV VXFK DV IIKH IURSLFV RU IHPSHUDIH JRQHV

7URSLFD) UHILRQV WHQG IR EH KXPLG ZHI DQG FRQVLVI Rl VDYDQQDKV DQG
UDLQIRUHVIV. SRPHU 7KH\ IHQG EH (IRFDIHG DIl RZHU IDILIXGHV QHDU §KH
HTXDIRU ZKHUH §KHUH DUH (DUJH DPRXQIV RI UDLQIDI KLIK IHP SHUDIXUHV DQ
DEXQGDQFH RI ZDIHU DQG SURGXFIV RI ELRIRJILFD) GHFD\ 5RPHU 2Q
IKH RIKHU KDQG #HP SHUDIH UHJLRQV DUH GH¢,QHG DV KDYLQJ PRGHUDIH DQQXDI
IHPSHUDIXUHV DQG WHQG IR KDYH IRXU GLVILQFI VHDVRQV IKURXJIKRXII #KH \HDU
3UDIRIRQJR Hi D) 7URSLFD) HQYLWURQPHQIV DUH VDLG IR EH PRUH VIDEIH
DQG DUH DVVRFLDIHG ZUIK VIDEH FILPDILF IDFIRVV ZKUH IHPSHUDIH HQYLWRQ-
PHQIV FRQVLVIRI D ZLGHU UDQJH RI FILPDIHV KDl FDQ YDU\ EDVHG RQ IKH ILPH
RI #KH \HDU DQG DUH IRXQG LQ PRUH (IRFDILRQV SRPHU 3UDIRIRQJR HIl
Do " XH IR KH YDU\LQJ 0HYHIV RI VIDELILIN KD #KH #ZR HQYLURQPHQIV
FDQ SURYLGH i FUHDIHV TXHVILRQV DV IR ZKLFK UHJLRQV DUH SURQH IR PRUH
VSHFLDILRQ HYHQIV DQG ZKLFK UHJLRQV FDQ VXSSRUI D (DUJHU ELRGLYHUVLIN

%LRGLYHUVLUIN YDUHV IURP UHJLRQ R UHJILRQ DQG D PDIRU IKHPH ZLIKLQ LV
IKH GHEDIH RI ZK\ VSHFLHV GLYHUVLIN\ LV KLIKHU LQ WRSLFDI UHJLRQV FRPSDUHG
IR {HP SHUDIH UHJLRQV 7KHUH DUH RYHU IHVIHG K\SRIKHVHV IIKDIl {DNH KLV
TXHVILRQ (QIR DFFRXQI DQG W\ IR H[SIDIQ KLY SKHQRPHQRQ = LHQV Hil D0

$ PDIRU LGHD KD LQYRIYHV QXPHURXV K\SRIKHVHV LV KDl lURSLFD! UH



GLIXILRQ ZDV VKDNHQ IKRURXJKI DQG IKHQ X/ ZDV SISHIIHG RXil DQG

RQIR IKH VXUIDFH RI D SUH IDEHIHG 76% SIDIH ~ VIHUH JIDVV EHDGV ZHUH
DGGHG IR IIKH 76$ SIDIH DQG IKH SIDIH ZDV URIDIHG IR VSUHDG IKH VXVSHQVLRQ
RYHU IKH HQILUH VXUIDFH RIiKH DIDU 7KH EHDGV ZHUH IKHQ GXPSHG RXIl Rl IKH
SIDIH DQG LQIR D ZDVIH IDU 7KLV SURFHGXUH ZDV UHSHDIHG IRU HDFK VDPSIH
S0 IKH IXEHV ZHUH VDYHG DQG UHILLJHUDIHG LQ FDVH RI SIDIH HWRW 2QFH Dl
JKH SIDIHV ZHUH FRPSIHIHG SDUD)P ZDV ZUDSSHG DURXQG IKH HGJIHV IR
VHDY HDFK RQH DQG IIKHQ IKH\ ZHUH LQYHUIHG DQG SIDFHGLQD & LQFXEDIRU
ZKIFK RFFXWHG DI SP 7KH SIDIHV ZHUH ¢UVi FKHFNHG DIIHU  KRXW
DQG HYHU\ VXEVHTXHQI  KRXW XQIl0 HQRXJK EDFIHUD JUHZ IRU DQDONVLY
$IHU  GD\V LQ IKH LQFXEDIRU HQRXJK EDFIHUD JUHZ SLFIXUHV ZHUH IDNHQ
RI HDFK SIDIH DQG SIDIHV ZHUH SIDFHG Q D UHILJHUDIRU IR SUHYHQH IXUIKH
EDFIHUD JURZIK DQG IR KDYH DV D UHVRXUFH (DFK SIDIH ZDV DQDINJHG IRU
EDFIHULD0 JURZIK DQG DI IIKH GL HUHQI EDFIHULDI VSHFIHV ZHUH GL HUHQILDIHG
E\ FRIRU VKDSH DQG VLJH DQG IKHQ JLYHQ D 0HIHU FRGH IRU HDV\ UHIHUUD!
$ IZR VDPSIH SDWHG I IHVI IRU PHDQV ZDV SHUIRUPHG IR IKH PHDQ
EDFIHULD0 VSHFLHY UFKQHVY SUHVHQI LQ IKH FRQFKD DQG EHIN EXIIRQ 7KH
6KDQQRQ = IHQHU GLYHWUN LQGH[ ZDV FDIFXIDIHG IRU HDFK VDPSIH DQG
JIKHQ WIKH PHDQ LQGH[ YDIXH ZDV FDIFXIDIHG IRU IKH FRQFKD DQG EHIN EXI-
JRQ $ IZR VDPSIH SDWHG Il iHVIl IRU PHDQV ZDV SHUIRUPHG IRU IKH PHDQ
6KDQQRQ = IHQHU GLYHUVUN LQGH[ YDIXH IRU IKH FRQFKD DQG EHIN EXIIRQ

Table 1: 7DEH VKRZIQJ WKH GL HUHQI EDFIHUD) VSHFIHV IRXQG
lQ WKH FRQFKD RI IKH HDU DQG EHUN\ EXIRQ RI VDPSIHG LQGLYLGX-
DIV 7KH VSHFIHV DUH LGHQIL¢HG E\ IKHW FRIRU VKDSH DQG VLIJH DQG
IKHQ WKH EDFIHUD) VSHFIHV DUH JLYHQ D (HWHU FRGH IRU HDV\ UHIHWDI
7KH VIIH 1Q ZKIFK IKH EDFIHUD) VSHFIHV ZDV IRXQG LV DIVR UHFRUGHG

Results

GL HUHQW EDFWHUD0 VSHFLHV ZHUH IRXQG EHIZHHQ IKH EHO\ EXIIRQ
DQG IKH FRQFKD RI IKH HDU IRU VDPSIHG LQGLYLGXDWV = H RUJIDQL]HG IKH
EDFIHULD! VSHFHV EN\ FRIRU VKDSH DQG VLJH 7DEMH 21 KRVH VSH-
FIHV  ZHUH XQLTXH IR IXVW #KH EHIN EXIIRQ DQG  ZHUH XQLTXH IR XVl #KH
FRQFKD 7DEMH 7KHUH ZDV D (Rl Rl YDULDELIIN\ IRU WKH QXPEHU RI VSH-
FLHV IRXQG RQ HDFK SIDIH EXIl {KH PRVI VSHFHV SUHVHQI RQ D VLQJIH FRQ-
FKD VDPSIH SIDIH ZDV ~ ZKUH IRU D VIQJIH EHI\ EXIMRQ VDPSIH SIDiH Li
ZDV  VSHFHV 7KH DYHUDJH QXPEHU RI EDFIHULDI VSHFLHV SUHVHQI RQ KH
FRQFKD SIDIHV ZDV VSHFLHV ZKUH WKH DYHUDJH ZDV VSHFLHV IRV
IKH EHO\ EXIIRQ SIDIHV )L $ SDIWHG liZR VDPSIH |l {HVIi ZDV SHUIRUPHG
IRU WKH DYHUDJH QXPEHU RI EDFIHUD) VSHFLHV SUHVHQ\' RQ FRQFKD YHUVXV
EHU\ EXINRQ SIDIHV EXW LI ZDV QRW VLIQL; FDQI |



Humber of Fivtes with Snecies Present,

Bartterial Species
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Figure 2: %DU JUDSK VKRZIQJ IKH QXPEHU RI SIDIHV 1Q ZKIFK EDF-
IHUD)  VSHFIHV ZHUH IRXQG LQ KH FRQFKD RI IIKH HDU DQG WKH EHI-
N EXWRQ RI VDPSHG LQGLYLGXDWV ~ 7KH EIXH EDUW  UHSUHVHQI
IKH FRQFKD ZKWH WKH RUDQJH EDUV UHSUHVHQI WKH EHI\ EXIRQ
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Figure 3: %DU JUDSK FRPSDUQJ IKH QXPEHU RI EHO\ EXIRQ DQG FRQ-
FKD SIDIHV RI LQGLYLGXDIV KD KDG RQH RU (HVV EDFIHUDI VSHFLHV

SUHVHQI DQG PRUH IKDQ RQH EDFIHUDI VSHFLHV SUHVHQI %0XH EDUV UHS-
UHVHQI' IKH FRQFKD ZKUWH RUDQJH EDUWV UHSUHVHQI WKH EHO\ EXHWRQ
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Figure 4: %DU JUDSK VKRZLQJ IKH DEXQGDQFH RI EDFIHUDI VSHFLHV IRXQG

Q IKH FRQFKD DQG EHUN EXHRQ RI VDPSIHG LQGLYLGXDIV  %0XH EDUV
UHSUHVHQII IKH FRQFKD ZKWH RUDQJH EDUWV UHSUHVHQH WKH EHIN EXWRQ
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Figure 5: %DU JUDSK GLVSID\LQJ WKH DYHUDJH 6KDQQRQ = [HQHU GLYHUVLIN LQ-
GH[ YDOXH IRU IKH GLYHUVLIN Rl EDFIHULD0 VSHFLHV SUHVHQI LQ LQGLYLGXDOV]
FRQFKD DQG EHUN EXWIRQ 7KH EOXH EDU UHSUHVHQIV KH FRQFKD ZKUWH IIKH RU-
DQJH EDU UHSUHVHQIV IKH EHIN EXIIRQ %IDFN (LQHV UHSUHVHQI VIDQGDUG HWRU

Discussion
%DVHG RQ RXU UHVXNV EHIN EXHIRQV KDYH PRUH EDFIHUD DQG PRUH VSH-
FLHV FRPSDUHG IR IKH FRQFKD RI IKH HDU 7KLV LV FRQVLVIHQ! ZLIK RXU K\SRIK-
HVLV 1Q ZKLFK ZH SUHGLFIHG IKH EHIO\ EXWIRQ DQDIRJRXV IR D WURSLFD) UHJLRQ
ZRX(G KDYH D (DUJHU EDFIHULD0 VSHFLHV ELRGLYHWLUIN FRPSDUHG IR IKH FRQFKD
DQDIRJIRXV IR D IHPSHUDIH UHJLRQ %HI\ EXINRQV QR RQI\ KDG PRUH VSHFLHV
SUHVHQI EXW KH\ DOVR KDG D 0DUJHU DEXQGDQFH RI VSHFLHV DQG D KLIKHU VSH-
FLHV GLYHUWUN )LJ  DQG  OXFK (INH D WRSLFD) UHJLRQ KH EHI\ EXINRQ FDQ
EH VHHQ Dif D 0RZHU (IDILIXGH DV D §ZHIf HQYWRQPHQI DQG KDV D PRUH VIDEH
FILPDIH VR DV D UHVX0I Ll KDG D KLIKHU EDFIHULD) VSHFLHV GLYHWVLIN FRPSDUHG
R IKH FRQFKD OXFK (INH D WHPSHUDIH UHJIRQ WKH FRQFKD LV DIl D KLIKHU
(IDIWXGH LV D 1GU\{ HQYWRQPHQ! DQG KDV D FKDQJLQJ FILPDIH DV L LV PRUH H[-
SRVHG IR H[IHUQD! IDFIRUY FRPSDUHG IIR IKH EHI\ EXIIRQ VR DV D UHVX0I LW ZDV
IRXQG LIl KDG (HVV EDFHULD SUHVHQI DQG Dif D IRZHU GLYHWLIN 7KHUH ZDV PRUH
EDFIHULD! VSHFLHV IRXQG IR EH XQLTXH IR lIKH EHI\ EXHIRQ VR WKDW FDQ VKRZ
IKH EDFIHULD FRXIG EH DGDSIHG YR IKH EHIN\ EXIRQ HQYWRQPHQI ZKHUHDV
DOPRVIi D) IKH VSHFLHV IRXQG LQ WKH FRQFKD ZHUH DIVR IRXQG LQ WKH EHIN EXIi-
IRQ ZKLFK FDQ VKRZ FRQFKD EDFIHULD DUH PRUH ZL0LQJ IR GLVSHUVH RXIZDUG
SUKRXJIK ZH IRXQG RXU GDID IR VKRZ WKH EHIN\ EXINRQ KDV PRUH EDFIHULD!
VSHFLHV DQG PRUH GLYHUVLIN RIIKH VSHFLHV IKH i WHVIV SHUIRUPHG IRU IIKH DY-
HUDJH QXPEHU RI VSHFLHV SHU SIDIH DQG IIKH DYHUDJH 6KDQQRQ = LHQHU GLYHU-
VUN LQGH[ ZHUH QRV VLIQL:FDQIl 7KLV GRHV QR LQYDILGDIH RXU ¢QGLQJIV LI IXVHl
VKRZV KDV IKH FRQFKD DIVR KDV D VLJQL;,FDQW QXPEHU RI EDFIHULDI VSHFLHV
DQG GLYHUVLUN RIHIKRVH VSHFLHV UHIDILYH IR IKH EHOO\ EXIMRQ IIXVI Dif D 0RZHU (HYH0
3UHYLRXV VIXGLHV KDYH VKRZQ KDl {URSLFD) HQYWRQPHQHV KDYH PRUH VSH-
FLHV GLYHUVUN FRPSDUHG iR #HP SHUDIIH HQYWRQPHQIV VR ZH FDQ XVH IRUPHU
K\SRIKHVHV DQG IRUPHU ¢QGLQJIV IR H[SIDLQ ZKDIl ZH IRXQG 6SHFLHV IRXQG LQ
lIKH #RSLFV KDYH QDURZ KHUPDI EUHDGIKV GHFUHDVHG GLVSHUVD) DQG KLIKHU
SRSXIDILRQ VIUXFIXUH DQG KLIKHU GLYHUVLIN DQG VSHFLDILRQ UDIHV 3RIDIR Hif
D) 7KLV LGHD FDQ KHIS H[SIDLQ ZK\ IIKH EDFIHULD ZH IRXQG LQ IKH EHIO\
EXIMRQ #HQGHG R VID\ LQ IKH EHIO\ EXIRQ DQG EHFDPH PRUH DEXQGDQI $Q-
RIKHU LGHD IURP KLV LV KDl PRUH VSHFLHV FRXIG KDYH EHHQ IRXQG LQ IKH EHI\
EXIMRQ EHFDXVH RYHUILPH VSHFLDILRQ FRXIG KDYH RFFXWHG ZKLFK FUHDIHG GLI-
IHUHQW 0RRNLQJ EDFIHULD) VSHFIHV $IVR LI EDFIHULD WKDII RULJLQDIHG LQ WKH EHI\
EXIMRQ GLVSHUVHG DU IKH ZD\ IR IKH FRQFKD IKH\ FRXIG KDYH QRW EHHQ DEIH
IR VXUYLYH IKH GL HUHQW HQYWRQPHQI ZKLFK FDQ H[SIDLQ IKH QXPEHU RI VSH-
FLHV IRXQG LQ IIKH EHO\ EXHIRQ DQG QRII LQ IKH FRQFKD 2IIKHU K\SRIKHVHV WKDY
H[SIDLQ KDI #KH IURSLFV DUH PRUH VIDEIH DQG HiKH VSHFLHV IRXQG LQ lIKH IURS-
LFV KDYH D VPDW QIFKH UDQJH KDYH PRUH ELRILF LQIHUDFILRQV DQG PRUH GL-
YHUVL¢, FDILRQ HYHQIV /DZUHQFH DQG )UDVHU KHIS VXSSRUI RXU ¢ QGLQJV
DV IKH EHO\ EXIIIRQ UHSUHVHQIV D WRSLFD) UHJIRQ $QRIKHU IKLQJ ZH IRXQG LV
KD HYHQ IKRXJK IKHUH ZHUH PRUH EDFIHULD! VSHFLHV LQ IIKH EHI\ EXIIRQ 1IKH
DEXQGDQFH ZDV QRIl DIZD\V (DUJH VR VSHFLHV SRSXIDILRQV ZHUH VRPHZKDI
VPDN LQ IKH EHI\ EXIIRQ 7KLV LGHD LV VXSSRUIHG EN IKH JHQHILF GULIW K\SRIK-
HVLV 1Q ZKLFK WRSLFD) VSHFLHV HQG IR KDYH VPDW) SRSXIDILRQ VLJHV ZKLFK
(HDGV R JHQHILF GULIN ZKLFK FUHDIHV VSHFLDILRQ DQG KHQFH PRUH VSHFLHV
/DZUHQFH DQG )UDVHU 2Q IKH RIKHU KDQG LQ D SUHYLRXV VIXG\ WKDV
IRFXVHG RQ SIDQIf JHQHILF YDULDILRQ EHIZHHQ IHP SHUDIH DQG IURSLFD) UHJLRQV



IKH\ IRXQG KDl {KHUH ZHUH GL HUHQI DUHIHV KDl DSSHDUHG LQ IKH GL HUHQH
UHJLRQV EXIii IKH RYHUDU) JHQHILF YDUDELLN UHPDLQHG VLPLUDU LQ ERIK UHILRQV
7KH GLYHUVUIN RI'KH VSHFLHV DQG IIKH ULFKQHVV ZDV QRI VLIQL; FDQIN GL HUHQH
EHIZHHQ IKH IZR UHILRQV /HKQHU Hil D0 7KLV ¢QGLQJ FDQ VXSSRUI
IIKH IDFIl'IKDI HYHQ IKRXJK ZH IRXQG PRUH VSHFLHV DQG PRUH GLYHUVLIN LQ KH
EHO\ EXIIRQ L ZDV QRI VLIQL; FDQIN GL HUHQW FRPSDUHG IR IKH FRQFKD  1.X-
PHURXV SUHYLRXV UHVHDUFK FDQ VXSSRUI RXU ¢ QGLQJIV EDVHG RQ IIKH LGHD WIKDii
IKH EHON\ EXIRQ LV D WRSLFD) UHILRQ ZKWH IKH FRQFKD LV D IHP SHUDIH UHJLRQ

/RRNLQJ LQIR WKH IXIXUH ZH FDQ H[SDQG RXU ¢HIG RI VIXG\ IR RIKHU ERG\
SDUIV IR WHVI DQG REVHUYH LI GL HUHQI UHJLRQV RI IKH ERG\ \HIG PRUH EDF-
IHUD) VSHFHY  =H FDQ FRPSDUH IIKH KDELDI RI IKH QHZ VDPSIH VLUH IR
IKH KDELUIDI RI IKH EHIN EXWRQ DQG FRQFKD DQG IKHQ PDNH SUHGLFILRQV
$V ZH KDYH IRXQG UHJLRQV IIKDIf DUH yZHIf IHQG IR KDYH PRUH VSHFHV D
PRUH DEXQGDQFH RI VSHFIHV DQG D KLIKHU (HYHD Rl GLYHWLIN FRPSDUHG IR
IGU\] UHIIRQV = H FDQ XVH IKLV NQRZIHGJH IR IHVIl RIKHU UHJLRQV WKDIl FRXIG
EH yZHIf RU yGU\f DQG REVHUYH LI IKLV LGHD UHPDLQV WUXH $Q H[DPSIH RI D
Gl HUHQI )ZHif HQYWWRQPHQH FRXIG EH IKH DUPSLI ZKWH D GL HUHQI yiGU\f HQ-
YWRQPHQI FRXIG EH IIKH IRUHDUP $QRIKHU H[SDQVLRQ RI KLV VIXG\ FRXIG
EH WALQJ IR ¢QG HYHU\ UHJIRQ RI IKH ERG\ KDl KDV D VSHFL,F VSHFLHV RI
EDFIHULD 7KLV ZRXIG EH KDUG IR DFKIHYH EXI lI ZRXIG DNRZ XV IR XQGHU-
VIDQG KRZ EDFIHULD PRYHV DURXQG IKH RXIVIGH RI {KH KXPDQ ERG\ %DFiH-



