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The effects of hydration on growth of the house
cricket, Acheta domesticus

Kevin E. McCluney L2 and Rishabh C. Date 2P

6FKRRO RI /LIH 6FLHQFHV $UL]JRQD 6WDWH 8QLYHUVLW\ 7HPSH $=
8QLYHUVLW\ RI &DOLIRUQLD 6DQ 'LHJR *LOPDQ 'U /D -ROOD &%

Abstract

ODLQWHQDQFH RI ELRFKHPLFDO JUDGLHQWY PHPEUDQH IOXLGLW\ DQG \
SK\WWLRORJLFDO DQG EHKDYLRUDO IXQFWLRQV RI ZDWHU IRU DQLPDOV OL
VWUHVV PD\ UHGXFH WKH RUJDQLVPYTV DELOLW\ WR PDLQWDLQ WKHVH IX
RUJDQLVPTV JURZWK +RZHYHU IHZ VWXGLHY KDYH H[DPLQHG WKLV SRW
K\GUDWLRQ VWDWH R IAdNekaHtiomesicydH F 2URMNKRMS WHUD *UVOOLGDH RQ LQGLY
ZHUH VWXGLHG XQGHU ODERUDWRU\ FRQGLWLRQV &ULFENHWYV ZHUH SHUF
GXUDWLRQV HDFK GD\ UHVXOWLQJ LQ VLIJQLILFDQW GLIIHUHQFHV LQ K\G
PD[LPXP WKDQ PLQLPXP GXUDWLRQ RI ZDWHU DYDLODELOLW\ *URZWK Z|
DQG OHQJIJWK UHVSHFWLYHO\ EHWZHHQ WKH ORZHVW DQG KLJKHVW K\GL

EH UHSUHVHQWDWLYH IRU D YDULHW\ RI DQLPDO VSHFLHY DQG HQYLURQ
LPSOLFDWLRQV
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Introduction ELRFKHBURFRRHEWHKNMIHWIVHRGHQ]IRQ
)URFDELROREBIHFLD\/CBHEWGMHLJ(EJRIZQN'QW DO

LGH I L @AIBQ Q F U HIEVAHG L JRIUE LR P D VeMy » G R MWK HI I HFRVZDW B YD L O DIEQ G L W\

R Y HAUL PFHK LE/L R P DNV U HUDAVTEX LLQHSK W (4 A U HRVVD © L P DID@'GS O b OKIDY H

swggéﬁﬁn;Léﬁg%géwxﬁgﬁque VR P HW LFLH\O GWHIZU L DE WX DO W K R X J K
D0QHID VW U SRV L VL YHHFRY Z D W R QJ U R Z \R K

PRVWP S RUW DIQUHU 0 QOAK HRU PR | OL 10 8B VEH HIH GG F X P H QOMHPE Y G
RAHUDQ DQDND /RUHQJRWO DORBUWK

FDUERK\GODWIH3N G URWH&IQYS P D RGHQWN DQGHJIHQ W X U W DM/

EWHUQRGOVHU ~ SGGLWLRQRPOG) jggexw]NH DQBGQVHFWMRD W H U
Z D WRIXVBHF R Q V X RBHKGE LIUR Z /@GR U 60DONIGKHHOHU  IRXQB

S\E’VbﬁLQV:’/;QUW KA\GU ”DI‘?@G'Gng’NHL JD VAU YHHRW. Q F U H DR/RI®\ G U D VRICR Q
MOVE! VOGP W D ERDONFHW ZVRK Y H O Y H WATHDIQU S BaicaBid V

XVXDOQQVXIILMLAE QWD @QRWVHIG O HA atalis +RZH Y ADW H U ZIHQHD W

KXPLGDW® O®LHAWR/ QWD D@BD® JH

'"HK\G UD VQ BRDWWHW UBING NWaH S UH P RXRWDWHU RU 7 KXVWX QO LNH O\
H3/H IHUHQRIRG\G UDWDB® U JH
ELRPROHFXRDBKUHG XFERQWLROR
V@V KKH G U D R MRKE-D W H U SLIKOHD D U V
SHUIRUPIDRGKPERWZD\\$VDXQLYHU
VR O YIH@@U D Q WSHFALWRD WIENH V V H Q WHIRZH Y WK DWK HOHUKMLIQLILFDQW
V@ L YIHH U HQ@FBIW H U B LOWDWR IQRQ

1 ROL QW08 QBRI HOLIED 80 E oL o g mawK B Ry o
%%QLWXBH@/LIIHUHQLF\MK(RKWXVLQJ

L O O PHIW O $OSHUW 'HK\GUDW
FDEDXWHGXAHELFLHRQMKHOHFW LFYBQWDIWKRGU D VLARQL N WED W

WUDQWSRUDNR & LRFKHRLHDOW HRID RIMD WD
WKURKUXHUND @QHRIQDR FK DWHOY I1H uLb R@ UDHN QWO DALIOQ W

WKBUR G X FR/ILGHYV W U XUFRNCLFVR 1L YJHH QZ DWLHV\“/)E;/SQRH\E\)]) IISI\DIVIIUV;IH:UB(QISU\(/?V(E;(ZYQ?/‘UHLISS?Q/V
VSHFMWKGIHQDWRULMXPSREURWH L%

QDRGKHHOHU RQQ@\LWQ HWKHHG

UDWZRXOEBEH H[SHFWWIXQ FFHR U H
W KGiH V W U RAFRHLORGEXKDADEU D Q QG HD W
&KDSPDQ $OSHUW \GUDWRHR&DWDYORZPXWUERQWE\QW

GLOXWICROQ WQGKHHOHU GL®RW
DWW HPB D P LQKIH | O X IREZMHVHW UH V V

GHK\GUwaum@MOXRKMHK\GU[RWLPR%JURZVEK(“WKH\LWX“HUWJRRG

FHUWBR®GM ERG\ZDWHD IDYRRI HIPPS@HVRPHRIWKHDFW RNWDAD )
PDLOWH @ RWHIRUYG GO FU HB MR R F R QW UWRNWHU L D E QLHWERREWNU Y H G
FOLWHUDWXWH ULDEROL\EM

W KUHH J X O BRWM ORIE W UIR Q\VDISR W H Q W \
@ Q L EWW R E ODHF W RIBID D WIRDD'W H U

FRVWRRSHOQVDWRKDQDYPQLFK

DODQ¥BULDWDRCK U H YV KIRWEYW H U
QDG G LVRIURO Q ISWARG R¥ BIU LRINWK.J D U

LPLWDW L R ¥ WOAMIZRIQV B & MAD W H V
H IWUHKDORWH R[LBOGWRW HH QV
KHDWKREEURWHMXDOKMHO®RGXOD L DWQVRKE H JURIIFD O W H URYNMI DRVGH U

L O DIEQ & D W1 DIV RAD WEIIUP L WD W L R Q V

PHPEUDQML GIOWH G RIHGDWLAQP H
HWD O $OSHUW 3URGXFRIMRKQ VRWKHSHULP HQWIDUR Q FENQ MNWE D W

PROHF)L®'[Bi®’\FFKHPLFDQG—I\QHUJHW%@:&%X%MKDYIELO\MMQBIIHFF‘WV

,QRUGMWIRUHGXWHKIEDPDJFD XV HEG

FRVIVOBD\G LY HHWR XWZBIW RPUR Z W PLWEBWRMUHMVSEX WROD RN
X11LFUHQWUR ZWWRQD L O 0RAG DW\R \
$OSHUW )XUWKHUBQGBPDWKDW
WHWD ULDWHR QIR QIR X QBHBW K H U
FDOXVBEHVIEHK\GUDRKMEHUHSDLUAG |\ o\ |RU H[DPSOH E\ IRRG DYDLOD
DGGLMGGLWERBRPOBRG Q H U JFHRWW

SRWHQWH B RBILRZ MIQD QO R Z MK 2QO0DVPDQRPERWWXGLHYMH[DPLQHG

EHUH G X EMIBQ H HVBR R Q V HALDWHELK L F Koy Y LV U | Dl (RVGRIE D WAAW URIGY v
FD X VB Z FLF W L YUDMBIQ ON K XU R ZH [ o' "0 10 oy & RevHO W L @R B PIR VRV
DFTXLVIRVRRGEHHVRXURAYP SV \y law X @ILMMAI R ZDABU H V' S RTKUEIH D U W K
EWDPBYEDQDND /RUH QRO RIVW X GPLIME HG X W B L 1 1L F XLGQM KB\ L Q J

:DDQV{E‘S/V&U W‘ﬁﬁgggﬁiiﬁ%"gzwﬁ;g DWBUY DL O D BKEHO\WMK ZW W HWD RW
VM MDQVR LPLW QO KHQYLURQRPIHQWH BRIWW WH

WHPSHUDWMKIMKDRRVVWRQGXFWRH
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DVVXPSWIRQWHNOVLYHUWYSAUWD®PHOIZQZ KDUODQLRRFPDWHWXNHUTV
FDXV D@D RNLQWH UKDMWH YWKUHHDVR&U L FAXIMQ FRH UJ LYR® XDV X EHV
IHZVWXGERWKWMBH[SOLFARMODALEKHZZZ IOXNHUID @dPIMittnikR D Q8 H X\@ GH U
HITHRWY WHYDLOREDQLWEMHW SUIMMFRQVWWAWSHUDWXUHAH& FRQVLVWHQW
SRWHQWLDO LPSRUWDQFH KXPLGDWUY RWWHDW PEXQMRYHFHVVDULO\

DFURWYPHDQ® /' F\FOHQDQ
+HUBHWHYWHW KHDWNWUHQVOXHQWOYLURQFPFHK@WEEBRRQYLERR
JURZWBEGCODERUPRAGLWAE\RPQWHUZDZA FRQYLURRERPZEDDFFOLPDWLRQ
W KK\G UD WMRDRINWXY HQR®H VRARDFEV 5 HU LKRGL F N HWMK HQRO D/ PHGB®O®D VW L F
FULFNAMWeA domesticus / 2UWKRSWHUPW D ZQWHBN QW L KIRWEBRG URYLGHG
*U\OOLGDKASRWKHWKPHIB D VM RZWELWHKI F D U VB R B FDHWK H CD/MDHER Ra@ lib
UDWH@RQFUHDWHOFUHBVEQDWWDWSHILFNAHAMUM DQGRNFESDUDLW WRK UHH
TKLVWXKEDYLGH UDQPISOQLFDRERWROHYRREZBDWBYDLODELODQMG KRXBYV
IRDQLPPODUMHQ GRULHO®W XGRIZVOWHEZDWBYDLOBERGD)\ Q DQG
VWUHRWYQVWDEPWEIIUPLWOWEBRVYHVSHFWEYHPONHNWMDLQWDXQBAU
LOQGLYUGREZWKWHRD\D O OR PWWH [HWKHVRQGLWRRQKHHHBEWV KHHQ B IWK D W
RISR S X O DYWIIR@WK F WKQY DYWKIRZQZHHNM LUHEWREIBWHUH S OD F ZRKKQW
E\WHQUWHAGHQQR DQGHFXQGLWW\SLFIRFEXWDWPD[LPXPGHK\GUDWLRQ
LQFUHDQWVYPWLPOWXUIMPASHDODWG FULFEHWMNMLJIJKHG J OHWWReBHGR
7TUXEHWVNRYDZKLFRD\ KDYHRWKH3 6 Z2Z2Z PHW FRPO@WHGABW® f&
VLIQLILPBOWRN[DPSDEWHUBNBXUFHY KRXU/QGOGHZHLIWRKBEHWHUPHQH
IRU SUHGDWRUYV PDVGUPDVWYWQ®\GUDWIHRVQ G XBIOW

UR X J KU P DOLOAW U L BXG\HWGEH U PEHAQ H G

; lIRUPBOREDEIORMWM. QUVWVWD® DQG

StUdySpeCIGS KDEBTXDPDULDBYHWOHWW VQ® KXV
'RPHVWLFA Wdd@esticus DUH]HQHUDQI—IVJWQDO\N—VG.Q:\DUDPHWLZBES 7KH
FRQVXAHUBUHR PP R XOHGD D ER U D WWRY\D WP HIGQA VL. DEDQWHIM EK\VGW D W LR Q

VWX @OLHFVHHGHSHFLWKFHMQ GXVWMWIDWH VHH UHVXOWYV
'DONBQGDVDNL &OLIIBQGRRGULQJ
/LII-F\FOIHQXNKIV\SHFD}HJ\HHODWL(EJ\r(iCl—Ilét)g\]rth
VKRUHUJKDWBKSUR[LPDWEDAD | WH .
OD\LQNH $W L\OD UWDHIES UR[LP D W 4BYY WU R ZWKWIS H U L P HAR Wbmesticus
GD\WRIHDBIGXOWRRB&WK URXg K 2 H U WFE@GH D UG D UFDG FRDER X W
LQVWDQ® G XOM HVISDSSUR[LPDWHOFHHNWKULQWKLISHULRGKH¥HLFNHWYV
UHFHLWHE D P H R QG L WRL\REXW L X H
GD\&OLIIRQRRGULQJI ,Qwkywxc dFHIWEED E RS OLYOFEHOL QR
A. domesticus ZDVXVHBVD JHQH PRG H & ®R WS HU Q

RUJD QLR O LFNHWWHYVSWRWWHGLYFXUVERBMYKHORWKHUVAHHNV
UHODWWRIQWHFEBVEHUHSUHVHQW[’?\HWMHWWKHHDL*R'DG SD\;HUgilg\?gR\PO\
PDQDUWK U RSB VGWHD QR h FW R W K H{ pyH FRABH® VX U H RILQW\W H Y

KL O HVIL VW U XAHK W W R W kkrburmen Y HU Y BV VER GO HQ JW R GKA\G U D W%RI@ D XV H
P HEKD O LRVIFOH D OZ DWKD W N W U B & HWH U P LRIGURIRQ/QB\G UDWHRRL UHV

L\N\OLNW(B(‘DK\/HQXIILFLHWWIG)\Y\)‘F??LYLM@HWDPVVEMIRIDQG)IVV\'QHU
PDQ\ RUJDQLWIDA H[SHULHQERMLOHY>HULPHVQUHION PHHAIVA | RUKH

K\VLROR RZ VSR S,HUFV{TJLFI\ZH‘lAlDol\/VXF’\/b’-IIRSI-UHSUHVHQIWIB[WLYH
SKi ORDREDD VUHVSRQVE SRSXODWLRQLFNEWNRUHSHULPHQWDO

WUHDWPRHQBS\S O 16l Q BHFQ L F NZHHW W

UHDUHGBRIHWKBRP HJJVDQG ZHUH
Materials and Methods DSSUR[LPWWWIRBJIH i GD\VWKLYV
Hydration state alteration DVVXPSWVRION RUBI\D VR Q PEDOMKRIQH
$ SLORWWXGADV FRQGXFWHBGRWR ZRXOKB[SHRAMWKDWWKLWD UHDVRQDEOH
H[SHULPHQWR WY RIW KKN&U D W MRDQWPH VX P S WKRIQU L DL R LWXKB®YDPSOH
FRXEHEDOWHURMBQLSXOWWHQRERU ZRXEEGHTXLY DVOR QWD U L DAN. MR DF K
KRXBWGDYZLWKXUIZPWBYDLOPDREWMDPSBHFULFNHWWYXHQ®RIH[SHULPHQW
WKIHMMSHULPM®WH @.L @htesticus ZHUH, QGHHEBKHHOW] 0 LMDIDWHRUH T X D ORLIW\
SXUFKDIWHRE ORFOIOWWRUOKHZHUHFRHIITLFRHODMM-DWDRQ VKRZH®R
SURYLBHWRR G7 HN ODRSG HE®LW W VLJIQLIGRDIHW HEGMHAMHKQY LW DPS O H
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Tablel ORUWDOLW\ DQG DYHUDJH JURZWK UDWH IRU FULFNHWYV LQ HDFK WUHDWPHQW O

4 hours 8 hours 24 hours

BHUFHQWDJH RI RULJLQDO VDPSOH Q WKDW GLH(Q
OHGLDQ GU\ PDVV JURZWK UDWH PJ G
OHDQ ERG\ OHQJWK JURZWK UDWH PP G

DQEAQUDP S OWHR/W KWK WHBIH D WoRHHYQV@ B VWV KHZH UMK NQOBWHWBHHIRQYB U QL JIKW

S!

IRUD RKHV S RFPOWH. D/EHBIH VX RW B QG ULHEY f&IRU KRXUNMOORZLQJ

GHWDYDVLDQ@QHHMWQHTXDYPLIJKBH PHDVXUHRIBQMWDVWIIHUHQE@HQJIWKYV
HISHFWIWGHDWDB B Q/\WMWMHB JQLWRIGHEHQRBD V VEHNWW Z WHI®I D W2 H IV V X PV RS
WKH PHDQV WUDQVOWRIHHUHQ@UHRZ W¥ H I RUGIG

DIWRPHBDVXUHPHRMNWNRWHWDNIRQ

S5HPDLQOQYH LFNHWWKH@GLYLGADGQY L & XQREHO F X CROGURRDYWHTXLUHV
LVRODWHGPDOSODVWRRWDLRHWKGHVWUXFWLYH VDPSOLQJ
YHQWLERWERGUR Y LBGLHABKK H O W HU

FDUVWSREFBQGRRaE lib 7KLSUHYHQWHID O\OW D W LWW VAAYO R Z WKK HQLW LD O
VFDYHQD D@L GHGLGHQWLILKBWRRQ LFNHWIM FO XIGWGH S D WDW BEDGIG

WL AR QVW UFDULFWBVWKHSHULRZHQWSRVW KFRRPSDULVHQPLQMKEGEIIHUHQFHYV
QRIWFFOLPWRHIGQYRODFIHDGHEWIRUBHW Z WHKGIMR XSV WIQLWLQOEOH
EHJLQQLQHD WPHSN F RW L R REHNNH+R Z HY HWH V X OWRPW H VMW K RDQAY. W L D O
UDQGRPBSDUDQYWEK UBHY ROADWHBULF DRWBIO YR F O XEGH® YAKHDAHMR U H
DYDLODELM.MA KRXBZDWBYDLODE®SHURS LRB D LQYROWEBLIIHUHQFHV
HDFID\LQLWLDO:DWHDDGGHWDP LQ@URZEHKW Z WHG DW P HOWKRYMW LD O’
HYH®DD QGHPRYVHWHURU KRXUVWKHU\PDVIVQGHQZWKRH DV XR G\CKWD P H

K

R XWU H D VKHE@ZAND WHHIS O BIPHERD\ LQGLYLBDQRBABVARMOQGHSH @PEHBPYWUHYV

DWDP &ULFNHWWHDURG GD\WQGH®RI JURZWE&SHDUPPRUUHODWLRQ
H[SHULPAR@®ION RRGWDFRBEOWKRRIBUH IBEH 9$ ZDVSH U IR URWIGQWK H

G X U LVQKIH /S H U L PLHH@W KEHH J L Q @ IVQKIHV W D W LISWWRLIFED® [ D P L QWE®LH | O X RQ F H
H[SH U L PMQREIDHW X E V W DRQRA MDBDOQ GVW KK G U D WVLLRHD WRRIB QWD VIV Q G H Q JW K
RQO\UHPDLRWGHQRWKHSHULPHQRRPEL GHE LG RIERBGAIHQ ZWKHMHRUP DO

KW

KW KW 7TDEOHKH EXWKRRIBUPDVXHURRYRUPDMH®RUPDO

UHPDL@UQF NHHWRMHD VX UHKGQ JWRP SUREDEISORWKYLQB8\VWDWE DQG
WIRRKHDWR/ IRDEGRPBQBHLIKEIEBEWWUDQVIRURDSNMRVGL&RWPSURYH

-RXUQDO RI

Table2 5HVXOWV RI RQH ZD\ $129% RI WKH HIIHFWV RI QXPEHU RI KRXUV SHU GD\ ZLWK L
VWDWH IURP SLORW H[SHULPHQW DQG 0$129% Rl QXPEHU RI KRXUV Rl ZDWHU DYDLOD|
OHQJWK FRPELQHG 8QLYDULDWH SRVW KRF $129% RI ILQDO ERG\ OHQJWK LV DOVR SU
FRPSDULVRQV EHWZHHQ LQGLYLGXDO WUHDWPHQW OHYHOV $00 SRVW KRF FRPSDULVI
DOSKD 5HVXOWYV DUH UHSRUWHG ZLWKRXW WKH LQLWLDO VDPSOH RI FULENHWYV
ZLWK 3 LWK ,QLWLDO”

Response SS df MS F P

+UV RI :DWHU
+ DWLR WD WH
\GU Q6 (OURU

+UV RI :DWHU 3LPODL
5HVLGXDOV

0$129% LWKRXW ,QLWLDO

+UV RI :DWHU 3LPpODL

0$129% :LWK ,QLWLDO SHVYLGXDOV

+UV RI :DWHU
(UURU

JLQDO %RG\ /HQIJWK :LWKRXW[,QLWLDO YV

YV

YV

+UV Rl :DWHU
(UURU
QLW YV
QLW YV
QLW YV

YV

YV

YV

JLQDO %RG\ /HQIWK :LWK ,Q L5

JURP SLORW H[SHULPHQW
6LJQLILFDQW DW WKH H[SHULPHQWZLGH OHYHO ERQQIHUURQL DGMXVWHG IRU P

,QVHFW 6FLHQFH 9RO _ $UWLFOH
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Figurel 7KH HIIHFWV RI DOWHUHG H[SHULPHQWDO ZDWHU DYDLODELOLW\ RQ K\GUDWLRC
ZHUH VLJQLILFDQW ) Gl S

QRUPDADWAXORWUDQVIRURIEWRGRAHGBRYHQ/RXWKH BVYWHRWPB & O XQH\
OHQIWVAS URYHRRDIUXHQMWKHTXDODQG 6DER XQSXEOLVKHG GDWD

Y DU L DIQWVWHX P S WDLCRAY K XD/OW H VAMW H
SHUIRUIRHQCG)RJNUDQVIREJHP(B!‘GHQJV\&HCketGrowth

SLOOWHMW D WILWIWRIEEKWW LRODWLR LFEHMD VIVQERGAHQ FWRE L @HGH

QRUPDDQBMXPOULDLIFH  WKMKLY) | 55 | FDQW®RH EFH®WHWYDLODELOLW\
W HWW/D W WS R UVRN @/ KR/ ND O : DOOW M L wabmopL ) Gl S

RQH ZH129$ZDVSHUIRUPHGUPDVV LWKRROWWEDDODL )
GXWRWWRQ QRUMIEAHTXDOLDQEH s 7DEOHZKHUHLWK
%DUWGSHWW{WDQEDUDPHWRIFIRU | Wy B OHUEO D OLIRO X\ KD P SPIH
ORERGOHQJIVRKFRP SD ULRIBQP DV V £ £ N HRIO/O H DWW E HEH JL O QR QW K H
EHWZMWHG D WOPHMWESAR VW KRRV HV W s 1y y L pig@w W K R @ IWWILYA Q @AKWK U H H

=DV~ ZDXVHBQIREREHQIWKH\TN opoL FWmIMS O3RNV W K R W V H BVKIDGY

PHWKRIGKV HEL QEWR D VIVQER QHQIWH | rigywDVZDWLJIQLIL D QHFGRH G
DUHQRWLQGHSHQGROWOGRVW KR2EWwpyiD | 0 D ELLVDRQA WL D O Gl

FRPSDULWRARQIHU WDRQADFRUUHFWHG LWKRRWWADO  GI S
WR PDNLQJ WKRULWHRURQ 7TKHEZBDVLIQLILEDQWN
UHMHFWLRQ RI WKH QXOO K\SRWKHVHY GLIIHUH@ABLGQ\

PDVWDFURWYHDWPHQWWH )XUWKHU
Results PHGLPQLFGURMDVNRBULFNHWKKUYV
RIZDWHEDV KLIKBWVKHQ® IWKH

Hydration State Alteration H[SHULPRMIQUMDLWLDOO\ N S
"LITHUH QEM\KE@ XPEHRUKR X ZV. WIKIHH ZKLOWLFXHWRWINDLAREQB\

Z D WBI WD L ODH\OHD @ H GQ L 1 IGRD W H Q FlYy 4 UGIR WL J O L | L FKD.Q MMDK CDQW K H
L & U L FR\IBW D W WSV H ) Gl RoVHW N IS | 8VLOJ

DYDLOIRBEOKUYHUBPHDRI PRUHGLYLGEIAWKQ-IXPERISBD\N@\/K\/H\/VXG\

K\GUDWHKGQLFNHWXD WBYD L OIREBOH; |y wikKRXRVZDWBIUD L OKES bi\
RQOWKUYHGDVKLMDERBWXEBOKH  pOUYURZWEWHY PJ G PJ GIRU

DYHUBUHHUH@FEHUDWWRREMHURN G y oG PJ GRU KUWDEOHIRVW KRF
ILHGGLFNGHE alogus DORGKEDQ i \wruwew L FRIRIGA HQ UMK H DY HEQLILFDQW
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Figure 2 7KH HIITHFWV RI DOWHUHG H[SHULPHQWDO ZDWHU DYDLODELOLW\

GLIITHUHQFHVY EHWZHHQ VDPSOHV ZHUH VLJQLILFDQW
GLIITHUHQFH EHWZHHQ VDPSOHV XVLQJ WKH 'XQQ PHWKRG

+

Gl

S

DQG WKXV K\(
/HWWHUV

HITHRWZDWBYDLODELOYK@WLWDIDO 7XNH\TFRPSDULVBRYHDOHGQLILFDQW
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GLITHUH@FABPBR G HQ DW K RMWWH D W P H Q RAVH DAVKH O D MWLFYLHG IB\@YRUW X QD W H O\
JLIXUHS OHDGULFOHWJIWK PDLQWDDRKILIKR QV W Bl Q\BRKLPYLHGIL @V \
FULFNMWK KURIZDWHDV KLJKBW $UL]RQD/ GLIILFXOAMSHFLEQDQR XU
WKHQ®IWKH[SHULPHIQIMDLWLD OOHQYLURQ FKD WHERKL FZD Y RMTXLSSHG

ZKLOHLFNEHWNWBYDLOBBQI®\WEB RVKZKHUH IRUAHJ H DDIEDIL QWDLQLQJ
KUYHURQ O\ KLIKWKD@W KRQVIBW FRQVWDIQOWD WXPHG LADWE H\R QWK H

7KLWUDQVDQWPRIY @ RGO HQJWK X LS PHYQDN. OB BN W X QA FUHDWKBJ
JURZWIKWRHY PP GIRBULFNHWMKUV KXPLGZRX®® KB YUHH G X FHKGIE L O RV \
RIZDWBIYDLODE®R GIRUKUDQG DOWHU K\GUDWLRQ VWDWHYV RI FULFNHW
PP G IRU 7OBAOH

, W KRE V H USYCH/BWRHIG B DWIKWHUBR E X V W

7KH QLWKXE® DPRSIO HF UL F SHWWE KHLWUR Y MRHPWIX S S R UHYILGH R BHVD R Z
DSSOLFRWLBBULP MUMDW B @R WIURZWK RRUKN DIOIS\RW K RAOLD/QEF® G
KDYBIFRHIILFRINQWLDWKR®WIQLILFBQWON %HQUBIQGHQQR 7KLV
GLIIHUHR®A D KU H D WRDHPGEW KHQORBI K\SRWKWWDWHKWFWRZ JURYUWEKURSRGV
WKH[SHULPB@W LGVKIFRHIILFLRHQRIWHIGE H U L K IQIAIS ) DWIKWHRZ H Y WK H
Y D U L DEMIVRZWHI®GI D WPHPGBHM AKHU P HFKDQPRFRIWBQUR S RVWKX MWR ZH U
ZDWRVLJIQLILGIDQM H QFRIH I I L F RH QWWR ZW R FUH MWK LPEQDUWKURSRG

YDULDWRUR®&DVV I S! GURDVVY X0 QHWDEKSH UDV LRMWB]HG KSR QI
I Sl ERGAHQJIJWK! S! RU GHFUHKYE8GDWIHRU/PB GLUHHWRXURH
K\GUDWLRQ ' S 1 LQFUHPRUHG D@ XWW XBEHBKHNEKZRXOG

EHD@OWHURBMKIYGIZKP W R RZWK
. . DQGKLJKPRUWD O UW\R U U H OW WUHRGX J K
Discussion SK\WLRORJLFDO ZDWHU VWUHVYV
5HVXOUWRWKVWXSURYV@/H RIFLGHQFH

W K B BWVBIYUD L O DEQEMWMH RWGM G UD W L Z® @ R W KGD RPPBIG X6 WDPWHL F N BWK\H
VW DADKY U H D VOW.IQWG L Y LIBDRYA BW HV K UK L JK\ G U D WIURH@® WKPHEXF O RQJH U
%RWHKUPDVUPQGERGOHQIAMKBIIHFWHRELSRVIEWRWBHUVRENG UY DBWQRA
)X UW KGHUI H U HH@FHRZ WIKW. W K. W X G 7 HZ H UXHQ D BADBHH W H UW K\BHR W KR X Q J
DWW U L BAXR\DIJE OIMZLIRVGHYUD L O DZEHL OH MU\ L F NXHAMIBOW K VW X BW KRIQ VR WV K H
VHHPL®LOKWHK DK DWR F DU LDWIWREG@H[SHULPWRMUHUHH MPDOLGQ MOPSOH
TXDORMWKGL HIYX | P H® O DOWKRX/JKHRVIHP D MM KHHQ G KHUH IRKWXRAW V
FRPSDULDMBRVIILRXOWQKBWPDVVVWDWLWWVIADMRWH S R URNHHUGHX W X U H
JURZWBRVQRWHSRUWREBWKNWXGLHYYHVWLBDWKRQ HFRM\K\GUDWRL®Q
DSSURSUIRDUWFHRPSDULYRQHRXQG RYLSR\WHWORWIKL UUD QW HSR VO WRUWN K
$OWKRGAURLWRBSDULNVRQ®EGPDGH FRXBE QPSRUWDQMIESH FL ARG
FRPSDULYRWXDXIPDBAW O GR HQYLURQPH@WID\L@JIIWDW ORZHU
XQGH WIS RUWDIRFWIHRRBDLQWDLRRQY WRUWHSWR\LQFUHDWSURGXFWLRQ
D SK\VLRORJLFDO VWDWH FRQGXFXNHHWR JURZWK

KLOD RW H S O L FSIMWMLYRI@ W U W MWVHWLMFQ @ H IUH BSQ G L WDLYFDQNLRHIRW KIB B W R U V
WKWHHPLQOOUIZH IIHUHQEMXUY LWXFBEVDY RUPEBPUR F O IDRDBRHLVRR G
EHWZHHQUDWLRDQM/MWHDWRNRRWMW RD\ UHG XWHKH Q10 X HRIFHX U | DFBIW H U
QRWLQDEOHDQGXUWHKHWSKDVMKMDYDLODREQOURAWR & XUYLY¥RDHYHU
SRWHQWPISIRQW W BQEBWHDWD OLPLWID@EOX@HGEDERXQSXEOIGMKMER XQ G
UHVRXBBHMLFNRZWY KUJ&H D WKW HYD UG HI | H U HQ®R I6W D W WRDAVFLY/L F \DRW V
RIFULFNMWKH KUKLIJK\GUDWIGRQIHWGCHYW DQRW\XUIZPMWBORWKH
WUHDWPEBEQW GLRADKMRW KIQRQ ZDWHW3IHGURLYHUQVRXWKHDYWHRQD
UH O DAMWMHUGH WDORUWDNYEHH@ SRUW@REW VX JJHVWIK@S SOLFDEIVOKWDERUDWR U\
H[SHULPH@WFWKHWFULFNEHMWIIMDRWUHVXOWY WR ILHOG FRQGLWLRQV
DFFOLPDVWRFGJHEHIR UEHJL Q Q WXH
H[SHULPH@IWO D UJPRXQWULFEHB/WKKHUNRQISDUW L FXPDRIDWF D @ WD KD W
LOT®JIRVFFXULQVBIHUVWRXBWKHPXVBH RQVLGIRUWHA/ WXBKHQHFHVVLW)\
H[SHULPHXQUW KRX QKHRXVWHLFNHMWRINLOGULQFNRWNDVXUHRKQWDVV
NQR2QRDYBIRYXUYL%DWH ,WD\ SUHYHQWHGRUH DPRPMBDWY XUHP HQWVV
KDYBEHHQGRVVLWARHHGXPRUWDBLW\QGLY IF&X P& QWW BD)GE VD VG DMHEQ
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W KEHH J L Q QRUVY B\HW XD F R P S D WHRBK HV L P S DG HV L F F D WE.EDQ DEHVHZ HZHDQV H U
VDPS OMMHOBMW KH SHULPHQSWMWKHL Q S X VD) GORV VHAD Q\ U H O D W LZHHAD \
VLPLOD@HDUALRIGL\DDEAM I ILFRHGWQVY L UR QPB\@ WWRAEW UHFKDOOHQJLQJ
Y D U L DEMIVRZIAVH GWDHP S @ MAY WE ROV L E@XU LQUR X J KWSH F EBIG D RDI) R IW K H
W KDWK HPBIW R P HE L DVQW K BBURZWRK ORFDDBXQGRQUWDQLYPPV KDY HH Z
LQGLY L\G KB MG UWVKARVKDYW YLYHGGDSWIORERQYW DZ QWSO DIQEHK H
LQGLYL®XD@MID VVZHWHR UE L N W@\ D FRIIV X FAK D O O FQ/AHP\L @ DW X [PW I RWY
G LHQV U H D WPIHWIKR ¥ EDWBIWD L O DEWEGHWR X Q ® OR ER G L RV Z D W HAUK DGAU \
PLJKMS S HDW IWKHWHHDWRB@®RYHYVHDVRQBOMUHGU\LQILWKQFUHDVLQJ
JURZWEKWARZHY HW KZMUMUKBR XOGUHTXHQRHVRFOLP DFMB Q RUK X P D Q
VW UGIO XQOWR ZISB S X O DMWLHRUD UR Z WRR Q V X P SRALLG\Y H WIXWKR\F R Q VW U X FW L Q J
U D WZ i VKR Z EJWIHNUD L O D/ELLQERKARW IKID \G D P \QI D FMK [P D BWO V K R K [RW
JUHIDD VVZIRY EGP RUBLNW®\LDHD Y L0 D @WAH U U HI/WHEIDDEOH D WO IUP LW L Q J
RQONKRWHDOWHRRUMOR2GQG W LHDWRPW L PIFR Y [DPSG MU LEUR X J RRLW
FRQGLWLRQV PD\D O ERW U XRID Q L P DDODMW K FEXILKK D S V
OHVRG X W R/ K HLQK D QFRIGLOR @O RZL Q J
& U L F NDIWEQ Y H U W H E WIRWHOHLW K X M R WU H DZADAAJHRW D J Z Q BY D U LRAGQYW JD W L Y H
W K HMHHY X0 G\L U HF $/S00 L ADREGHO D B'S D FRVAD W BUP LW DV BR\QU HQ & L F D W H
RUJD QLVPAH Y WKH Q H U B OVLKAH | H F WAWK I\ UW V R PUDREIFR ISULPRBSRUWD Q F H
RIZDWMW UR QW R Z WK OO XV VEUW WHVER/ H U U HIYQULPLIDGDR/ K D \R | W B BV K H
UDQRBK QLP DR Q@KL FAD WHW UKNEHHQPRVW OLPLWLQJ
VKR Z/QR HJDWLFSDFRYR ZWMKY QDSSLQJ
W X U WGbélydra serpentina OF.QLIJKDMQ G
*XW]INH | DWD QUDRgammomys obesus Acknowledgments
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