
UNIVERSIDAD AUTÏNOMA DE BAJA CALIFORNIA
FACULTAD DE CIENCIAS MARINAS

INSTITUTO DE INVESTIGACIONES OCEANOLÏGICAS

IQYaVLRQeV VLPXOWiQeaV de PacURaOgaV eQ XQ bRVTXe de VaUga]R gLgaQWe
(MacURc\VWiV S\UifeUa) ceUca de VX OtPLWe de dLVWULbXcLyQ SXU

eQ eO KePLVfeULR NRUWe

T E S I S

QUE PARA CUBRIR PARCIALMENTE LOS REQUISITOS NECESARIOS PARA
OBTENER EL GRADO DE

MAESTRO EN CIENCIAS EN OCEANOGRAFËA COSTERA

PRESENTA

LUCËA MERCEDES RODRËGUEZ BRAVO

ENSENADA, BAJA CALIFORNIA, MeXICO. DICIEMBRE 2021



Resumen

LaV eVSecLeV LQYaVRUaV eVWiQ eQWUe OaV Pa\RUeV aPeQa]aV acWXaOeV a ORV ecRVLVWePaV

cRVWeURV, PRdXOadaV SRU eO caPbLR cOLPiWLcR. IQYeVWLgaPRV OaV dLQiPLcaV de XQa

cRPXQLdad de PacURaOgaV eQ IVOaV TRdRV SaQWRV a OR OaUgR de XQ axR, ceUca deO OtPLWe de

dLVWULbXcLyQ de ORV bRVTXeV de VaUga]R gLgaQWe eQ eO KePLVfeULR QRUWe. LaV cXaWUR

PacURaOgaV PiV cRPXQeV eQ eVWe VLWLR VRQ eO aOga QaWLYa MacURc\VWiV S\UifeUa, \ OaV QR

QaWLYaV SaUgaVVXm mXWicXm, SaUgaVVXm hRUneUi \ UndaUia SinnaWifida. DeVcULbLPRV Oa

deQVLdad \ bLRPaVa, WaQWR aQXaO cRPR eVWacLRQaO, SaUa cada XQa de eVWaV eVSecLeV. HaOOaPRV

TXe, a SeVaU de TXe eO aUUecLfe eVWi dRPLQadR cRPSOeWaPeQWe SRU aOgaV QR QaWLYaV, Oa

SRbOacLyQ de M. S\UifeUa eQ IVOaV TRdRV SaQWRV UeWLeQe XQ SRWeQcLaO OLPLWadR SaUa

UecXSeUaUVe. La cRPXQLdad de PacURaOgaV TXe eVWXdLaPRV PRVWUy VexaOeV de XVR

cRPSOePeQWaULR de ORV UecXUVRV, cRQ Pi[LPRV de bLRPaVa \ UecOXWaPLeQWR TXe YaULaURQ

eVWacLRQaOPeQWe Veg~Q Oa eVSecLe. SLQ ePbaUgR, eVWe eQVaPbOaMe fXe dRcXPeQWadR eQ XQ

axR cRQ WePSeUaWXUaV faYRUabOeV SaUa M. S\UifeUa, OR cXaO SRVLbOePeQWe a\Xdy a VX

caSacLdad SaUa UecOXWaU \ cUeceU. DadR TXe fXWXUaV ROaV de caORU cRQWLQXaUiQ afecWaQdR

deVSURSRUcLRQadaPeQWe a M. S\UifeUa, QXeVWURV UeVXOWadRV VXgLeUeQ TXe ORV eVfXeU]RV SaUa

LQcUePeQWaU eO Q~PeUR de MXYeQLOeV de M. S\UifeUa SRdUtaQ VeU XQa WpcQLca de UeVWaXUacLyQ

PiV efecWLYa TXe eO PaQeMR de eVWaV aOgaV QR QaWLYaV. NXeVWUR WUabaMR UeVaOWa eO YaORU de

LQYeVWLgaU Oa YaULabLOLdad de deQVLdadeV, bLRPaVa, \ Oa UeOacLyQ cRQ Oa WePSeUaWXUa de

eQVaPbOaMeV cRQ P~OWLSOeV PacURaOgaV QR QaWLYaV eQ XQ cOLPa caPbLaQWe.
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Abstract

IQYaVLYe VSecLeV aUe aPRQg WKe fRUePRVW cXUUeQW WKUeaWV WR cRaVWaO ecRV\VWePV, ZLWK

cOLPaWe cKaQge PRdXOaWLQg WKeLU VXcceVV. We LQYeVWLgaWed WKe QXPeULc abXQdaQce d\QaPLcV

Rf a PacURaOgaO aVVePbOage QeaU WKe VRXWKeUQ dLVWULbXWLRQ OLPLW fRU NeOS fRUeVWV LQ WKe

NRUWKeUQ KePLVSKeUe afWeU aQ e[WUePe PaULQe KeaWZaYe. TKe fRXU PRVW cRPPRQ

PacURaOgae aW WKLV VLWe aUe WKe QaWLYe MacURc\VWiV S\UifeUa, aQd WKe QRQ-QaWLYeV SaUgaVVXm

mXWicXm, SaUgaVVXm hRUneUi aQd UndaUia SinnaWifida. We deVcULbed \eaUO\ aQd VeaVRQaO

deQVLW\ aQd bLRPaVV fRU eacK Rf WKeVe VSecLeV dXULQg WKe \eaU. We fRXQd WKaW deVSLWe a

VXbcaQRS\ eQWLUeO\ dRPLQaWed b\ QRQ-QaWLYe aOgae, WKe M. S\UifeUa SRSXOaWLRQ aW IVOa TRdRV

SaQWRV UeWaLQV a OLPLWed SRWeQWLaO WR UecRYeU. TKe PacURaOgaO aVVePbOage Ze VWXdLed VKRZed

VLgQV Rf QLcKe cRPSOePeQWaULW\, ZLWK SeaNV LQ bLRPaVV aQd UecUXLWPeQW YaU\LQg VeaVRQaOO\

b\ VSecLeV. HRZeYeU, Ze dRcXPeQWed WKLV aVVePbOage LQ a \eaU ZLWK faYRUabOe WePSeUaWXUeV

fRU M. S\UifeUa, ZKLcK OLNeO\ aLded LWV caSacLW\ WR UecUXLW aQd gURZ. AV PaULQe KeaWZaYeV

ZLOO cRQWLQXe WR dLVSURSRUWLRQaWeO\ LPSacW M. S\UifeUa, RXU UeVXOW VXggeVWV effRUWV WR

LQcUeaVe WKe QXPbeU Rf M. S\UifeUa MXYeQLOeV cRXOd be a PRUe effecWLYe UeVWRUaWLRQ

WecKQLTXe WKaQ PaQagLQg QRQ-QaWLYe PacURaOgae. OXU ZRUN KLgKOLgKWV WKe YaOXe Rf

LQYeVWLgaWLQg WKe YaULabLOLW\ Rf deQVLW\, bLRPaVV aQd WKe UeOaWLRQVKLS ZLWK WePSeUaWXUe Rf

PXOWLSOe PacURaOgaO VSecLeV LQ a cKaQgLQg cOLPaWe.
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Introduction

IQYaVLYe VSecLeV aQd cOLPaWe cKaQge aUe VRPe Rf WKe fRUePRVW cXUUeQW WKUeaWV WR

ecRV\VWePV (EaUO\ eW aO., 2016; ScKaffeONe eW aO., 2006), ZLWK cOLPaWe cKaQge PRdXOaWLQg WKe

VXcceVV Rf LQYaVLRQ b\ QRQ-QaWLYe VSecLeV (BXUgLeO aQd MXLU, 2010; DLe] eW aO., 2012;

McKQLgKW eW aO., 2021; RaKeO aQd OOdeQ, 2008). AQWKURSRgeQLc acWLYLW\ LV LQcUeaVLQgO\

facLOLWaWLQg WKe LQWURdXcWLRQ Rf QRQ-QaWLYe VSecLeV, aV ZeOO aV LQcUeaVLQg aWPRVSKeULc CO2

OeYeOV, PRdLf\LQg QXWULeQW c\cOeV aQd aOWeULQg RceaQ cKePLVWU\, LQcUeaVLQg gORbaO

WePSeUaWXUeV, aQd aOWeULQg cOLPaWe aQd gORbaO RceaQ cLUcXOaWLRQ SaWWeUQV, ZLWK YaULabOe,

cRPSOe[ effecWV LQ WeUUeVWULaO aQd PaULQe VSecLeV aVVePbOageV (BXUgLeO aQd MXLU, 2010;

HaUOe\ eW aO., 2006; PecO eW aO., 2017).

AQ LQYaVLYe VSecLeV LV aQ eVWabOLVKed QRQ-QaWLYe VSecLeV (dReV QRW Qeed

Ue-LQWURdXcWLRQ WR PaLQWaLQ LWV SRSXOaWLRQ RYeU WLPe) WKaW caQ SRWeQWLaOO\ caXVe KaUP WR WKe

eQYLURQPeQW, KXPaQ KeaOWK RU WKe KXPaQ ecRQRP\ (BRXdRXUeVTXe aQd VeUOaTXe, 2002;

ScKaffeONe eW aO., 2006). TKe VSecLfLc cRQVeTXeQceV Rf LQYaVLRQ aUe YaULabOe, bXW LQcOXde

KabLWaW PRdLfLcaWLRQ, bLRWLc KRPRgeQL]aWLRQ eQcRPSaVVLQg e[WLUSaWLRQ Rf QaWLYe VSecLeV,

facLOLWaWLRQ Rf ceUWaLQ QaWLYe VSecLeV RYeU RWKeUV, aOWeUaWLRQ Rf WURSKLc aQd eYROXWLRQaU\

SaWKZa\V, aQd SaUWLaO RU WRWaO ORVV Rf ecRV\VWeP VeUYLceV (RRdULgXe], 2006; ScKaffeONe eW

aO., 2006; SWeSKeQV eW aO., 2019; WaOOeQWLQXV aQd N\beUg, 2007). IQWURdXced PacURaOgae aUe

eVSecLaOO\ caSabOe Rf caXVLQg VLgQLfLcaQW ecRV\VWeP cKaQge. TKe\ Pa\ aOWeU fRRd ZebV,

PRdLf\ ecRV\VWeP VWUXcWXUe aQd fXQcWLRQ, aQd, XQdeU WKe ULgKW cRQdLWLRQV, VSUead ZeOO
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be\RQd WKeLU LQWURdXcWLRQ SRLQW WKURXgK KLgKO\ effLcLeQW dLVSeUVaO adaSWaWLRQV (TKUeVKeU aQd

KXULV, 2004; WaOOeQWLQXV aQd N\beUg, 2007).

AV a cRQVeTXeQce Rf cOLPaWe cKaQge, e[WUePe cOLPaWLc eYeQWV WKaW KaYe WKe

SRWeQWLaO WR facLOLWaWe bLRORgLcaO LQYaVLRQV VXcK aV KeaWZaYeV, VWRUPV, fORRdV aQd dURXgKWV,

aUe becRPLQg PRUe cRPPRQ (CaVWRUaQL eW aO., 2018; DLe] eW aO., 2012; OOLYeU eW aO., 2018;

SWUaXb eW aO., 2019). E[WUePe eYeQWV Pa\ LQcUeaVe WKe dLVSeUVaO Rf QRQ-QaWLYe VSecLeV, faYRU

QRQ-QaWLYeV ZLWK ZLdeU WePSeUaWXUe WROeUaQce RU ZaUPeU affLQLWLeV, aQd cRQWULbXWe WR

decUeaVed bLRWLc UeVLVWaQce Rf QaWLYe cRPPXQLWLeV WKURXgK PecKaQLVPV VXcK aV PecKaQLcaO

UePRYaO, e[SRVXUe WR VWUeVVfXO cRQdLWLRQV, aQd WKe SUROLfeUaWLRQ Rf dLVeaVe (DLe] eW aO., 2012;

RaKeO aQd OOdeQ, 2008). IQ SaUaOOeO, WKe gUadXaO LQcUeaVe Rf gORbaO WePSeUaWXUe LV

LQfOXeQcLQg bLRdLYeUVLW\ UedLVWULbXWLRQV acURVV WKe gORbe, ZKLcK caQ deVWabLOL]e QaWLYe

VSecLeV aVVePbOageV (BXUURZV eW aO., 2019; PecO eW aO., 2017; VeUgpV eW aO., 2016). TaNeQ

WRgeWKeU, WKLV PeaQV WKaW, LQ addLWLRQ WR SRWeQWLaOO\ LQfOXeQcLQg WKe VXcceVV UaWe Rf QeZ

LQYaVLRQV, cOLPaWe cKaQge ZLOO cRQWLQXe WR PRdLf\ V\VWePV ZLWK eVWabOLVKed SRSXOaWLRQV Rf

LQYaVLYe RUgaQLVPV, aQd Pa\ UeSeaWedO\ fRPeQW cRQdLWLRQV WKaW SXW LQYaVLYe VSecLeV aW a

cRPSeWLWLYe adYaQWage.

TePSeUaWe URcN\ UeefV WKaW KaUbRU NeOS fRUeVWV aUe KLgKO\ SURdXcWLYe, ecRQRPLcaOO\

aQd ecRORgLcaOO\ LPSRUWaQW VXbWLdaO cRaVWaO ecRV\VWePV, aQd aUe VXbMecW WR WKe WKUeaW Rf

VSecLeV LQYaVLRQV (BeaV-LXQa eW aO., 2020, 2019, S.; CaYaQaXgK eW aO., 2019). CaQRS\ aQd

VXbcaQRS\ fRUPLQg PacURaOgae SURYLde WKe PaMRULW\ Rf KabLWaW VWUXcWXUe, bXW cRPSeWLQg

LQYaVLYe aOgae Pa\ dLVSOace WKeP, UeVXOWLQg LQ dUaPaWLc effecWV RQ ecRV\VWeP VWUXcWXUe
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(EaUO\ eW aO., 2016; WaOOeQWLQXV aQd N\beUg, 2007). HLgK aOgaO bLRPaVV SURYLdeV KabLWaW fRU

cRPPeUcLaOO\ YaOXabOe VSecLeV, VeUYLceV OLNe VWRUP VXUge SURWecWLRQ fRU cRaVWaO aUeaV, aQd

ecRQRPLc RSSRUWXQLWLeV OLQNed WR UecUeaWLRQaO XVe (EgeU eW aO., 2021; WX, 2017). DeVSLWe

SURYLdLQg KabLWaW aQd UefXge WR a gUeaW dLYeUVLW\ Rf VSecLeV, NeOS caQRSLeV caQ aOVR OLPLW

gURZWK Rf XQdeUVWRU\ VSecLeV dXe WR OLgKW deSULYaWLRQ (BULWWRQ-SLPPRQV, 2006; COaUN eW aO.,

2004; SiQcKe]‐BaUUedR eW aO., 2020). HeQce, LQYaVLYe PacURaOgae Pa\ face dLffLcXOW\

WKULYLQg ZLWKLQ a deQVe NeOS fRUeVW.

MacURc\VWiV S\UifeUa LV WKe dRPLQaQW fRXQdaWLRQaO NeOS VSecLeV LQ a OaUge SRUWLRQ Rf

WKe VXbWLdaO fRUeVWV LQ WKe PacLfLc NRUWKZeVW, fURP SRXWKeUQ CaOLfRUQLa, USA LQWR WKe

QRUWKeUQ SaUW Rf BaMa CaOLfRUQLa SXU (BCS) LQ WKe Me[LcaQ PacLfLc (Da\WRQ 1985, VeOaVcR eW

aO 2018). TKe LPSacWV Rf cOLPaWe cKaQge KaYe PRdLfLed aQd ZLOO cRQWLQXe WR PRdLf\ M.

S\UifeUa fRUeVWV WKURXgKRXW WKeLU UaQge, eVSecLaOO\ aW WKe VRXWKeUQ OLPLW Rf WKe VSecLeV

dLVWULbXWLRQ ZKeUe WKe\ aSSURacK WKe edge Rf VXLWabOe cRQdLWLRQV (BeaV-LXQa eW aO., 2020;

CaYaQaXgK eW aO., 2019).

COLPaWe cKaQge caQ aOWeU WKe VXLWabLOLW\ Rf WKe eQYLURQPeQW LQ faYRU Rf QRQ-QaWLYe

aOgae aW WKe VRXWKeUQ edge Rf M. S\UifeUa¶V dLVWULbXWLRQ. AddLQg WR WKe QaWLYe aVVePbOage

aOUead\ beLQg QeaU LWV WKUeVKROd fRU WePSeUaWXUe WROeUaQce, WURSLcaOL]aWLRQ aQd UaQge

e[SaQVLRQV aQd cRQWUacWLRQV aOUead\ SXW WKeVe V\VWePV LQ a VWaWe Rf ³UeaUUaQgePeQW´. TKeVe

UeaUUaQgePeQW SaWWeUQV Pa\ RffeU XS WKe fRRWKROd Qeeded b\ QRQ-QaWLYe VSecLeV WR becRPe

LQYaVLYe (CaYROe eW aO., 2016; LRQKaUW eW aO., 2019).
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IQ WKe Me[LcaQ PacLfLc, AUafeK-DaOPaX eW aO. (2019) deVcULbeV WKe ORVV Rf fLVK aQd

LQYeUWebUaWe VSecLeV ZLWK QRUWKeUQ dLVWULbXWLRQV aQd cROd ZaWeU affLQLWLeV aQd WKe LQcUeaVe LQ

abXQdaQce Rf VRPe VSecLeV ZLWK ZaUPeU ZaWeU affLQLWLeV aV a cRQVeTXeQce Rf WKe 2014-2016

PaULQe KeaWZaYe (MHW). TKLV VaPe eYeQW cRLQcLded ZLWK WKe e[SaQVLRQ Rf LQYaVLYe aOgaO

SRSXOaWLRQV aURXQd WKUee VXUYe\ed LVOaQd V\VWePV LQ BaMa CaOLfRUQLa: IVOaV TRdRV SaQWRV,

IVOa SaQ MaUWtQ aQd IVOa SaQ JeUyQLPR (AUafeK-DaOPaX eW aO. 2019).TKe NRUWKeUQPRVW Rf

WKeVe, IVOaV TRdRV SaQWRV (ITS), LV RQe Rf feZ VLWeV LQ WKe PacLfLc NRUWKZeVW RXWVLde Rf

PaULQaV KRVWLQg WKUee KLgK-SURfLOe LQYaVLYe PacURaOgaO VSecLeV. SaUgaVVXm mXWicXm,

SUeVeQW aW OeaVW VLQce WKe 80V, KaV beeQ MRLQed LQ WKe OaVW WZR decadeV b\ SaUgaVVXm hRUneUi

aQd UndaUia SinnaWifida, aOO Rf ZKLcK QRZ VSaWLaOO\ cR-RccXU ZLWK WKe QaWLYe M. S\UifeUa

(AgXLOaU-RRVaV eW aO., 2007, 2004; AgXLOaU-RRVaV aQd AgXLOaU-RRVaV, 1985) (ASSeQdL[ A).

AOWKRXgK VLgQLfLcaQW effRUWV KaYe gRQe LQWR VWXd\LQg WKeVe VSecLeV aQd WKeLU LQYaVLYe ULVN,

VWXd\LQg WKLV aVVePbOage RffeUV WKe XQLTXe RSSRUWXQLW\ WR VWXd\ WKe VSaWLRWePSRUaO

LQWeUacWLRQV Rf a PacURaOgaO aVVePbOage OaUgeO\, bXW QRW e[cOXVLYeO\, cRPSRVed Rf

QRQ-QaWLYe SOa\eUV QeaU WKe VRXWKeUQ dLVWULbXWLRQ OLPLW Rf M. S\UifeUa.

TKLV VWXd\ aLPV WR LQYeVWLgaWe WKe dRPLQaQW PacURaOgaO d\QaPLcV aW a WePSeUaWe

VXbWLdaO URcN\ Ueef QeaU WKe VRXWKeUQ dLVWULbXWLRQ OLPLW fRU NeOS fRUeVWV LQ WKe NRUWKeUQ

KePLVSKeUe LQ WKe face Rf PXOWLSOe VSecLeV LQWURdXcWLRQV. FLUVW, Ze LQYeVWLgaWe WKe SRWeQWLaO

cKaQgeV WR WKLV aVVePbOage¶V VWUXcWXUe aQd fXQcWLRQ, LQVLde aQd RXWVLde a NeOS caQRS\,

cRQVLdeULQg WKe \eaUO\ deQVLW\ Rf LQdLYLdXaOV aQd bLRPaVV SeU aUea aV abXQdaQce PeWULcV.

SecRQd, Ze eYaOXaWe LQWeUVSecLfLc VeaVRQaO YaULaWLRQ Rf dRPLQaQce. TKLUd, Ze UeOaWe



6

LQWUaVSecLfLc VeaVRQaO abXQdaQce SaWWeUQV WR VSecLeV SKeQRORg\, aQd deVcULbe UecUXLWPeQW

ZLQdRZV. LaVWO\, Ze e[aPLQe WKe UeOaWLRQVKLS beWZeeQ WePSeUaWXUe aQd bLRPaVV fRU eacK

VSecLeV.
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Methods

Stud\ area

IVOaV TRdRV SaQWRV (ITS; 31.809�N, -116.800�W) LV a V\VWeP Rf WZR LVOaQdV ORcaWed

Rff WKe NRUWKZeVW cRaVW Rf WKe BaMa CaOLfRUQLa SeQLQVXOa, 6.5 NP NRUWKZeVW Rf PXQWa BaQda

RQ TRdRV SaQWRV Ba\ (FLg. 1). HLVWRULcaOO\, deQVe M. S\UifeUa fRUeVWV KaYe beeQ SUeVeQW RQ

bRWK VLdeV Rf WKe LVOaQdV (AgXLOaU-RRVaV eW aO., 1990; Pa]-LacaYe[ eW aO., 2018). ITS LV RQe

Rf WKe ORQgeVW VWXdLed VLWeV RQ WKe BaMa CaOLfRUQLa cRaVW, aQd VRPe Rf WKe fLUVW UecRUdV LQ WKe

Me[LcaQ PacLfLc fRU WKe WKUee LQYaVLYe PacURaOgae LQ WKLV VWXd\ KaYe beeQ UecRUded KeUe

(AgXLOaU-RRVaV eW aO., 2007, 2004, 1990; AgXLOaU-RRVaV aQd AgXLOaU-RRVaV, 1985).

We VeOecWed a URcN\ Ueef RQ WKe SURWecWed VLde Rf WKe caQaO WKaW dLYLdeV WKe LVOaQdV aV

WKe VWXd\ VLWe. TKLV Ueef KRVWV a VPaOO M. S\UifeUa VWaQd aW abRXW 6 P deSWK. AOO WKUee

LQYaVLYe aOgae aUe SUeVeQW WKURXgKRXW WKe LVOaQdV. SWLOO, WKLV VLWe KRVWV WKe Pa[LPXP RYeUOaS

Rf abXQdaQce Rf S. mXWicXm, S. hRUneUi aQd U. SinnaWifida (SeUV. RbV.), LQcUeaVLQg WKe

OLNeOLKRRd Rf LQWeUacWLRQV beWZeeQ WKe VSecLeV.

Overall predominance

TR cKaUacWeUL]e WKe aOgae cRPPXQLW\ aW ITS Ze cRQdXcWed PRQWKO\ VcXba dLYLQg

VXUYe\V fURP JaQXaU\ WR DecePbeU 2020 (ASSeQdL[ B1, WabOe B1.1).  We PaUNed WZR

ORcaWLRQV aSSUR[LPaWeO\ 50 P aSaUW, LQVLde aQd RXWVLde WKe NeOS caQRS\. We XVed WKUee 30 P

WUaQVecWV dLVWULbXWed aSSUR[LPaWeO\ aW 90� Rf eacK RWKeU, ZLWK WUaQVecWV 1 aQd 3 UXQQLQg

SaUaOOeO WR WKe edge Rf WKe caQRS\, aQd WUaQVecW 2 UXQQLQg SeUSeQdLcXOaUO\ LQWR RU aZa\ fURP

LW, aV LOOXVWUaWed LQ FLg. 2. HeUeafWeU, eacK Rf WKeVe aUUa\V Rf a SeUPaQeQW PaUNeU aQd WKUee
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WUaQVecWV ZLOO be caOOed VXbVLWe ³CaQRS\´ aQd VXbVLWe ³OXWVLde´. AW eacK WUaQVecW, Ze

cRXQWed aOO PacURaOgaO VSecLeV (ASSeQdL[ B1).

TR caOcXOaWe deQVLW\, VSecLeV cRXQWV ZeUe VWaQdaUdL]ed LQWR XQLWV Rf  fURQdV P-2 fRU

MacURc\VWiV S\UifeUa, aQd XQLWV Rf LQdLYLdXaOV P-2 fRU WKe WKUee LQYaVLYe aOgae (ASSeQdL[

B2). TR eVWLPaWe bLRPaVV (g P-2) Ze XVed SXbOLVKed VL]e-ZeLgKW UeOaWLRQVKLSV fRU M.

S\UifeUa, S. mXWicXm aQd S. hRUmeUi (MaUNV eW aO., 2015; Reed eW aO., 2008). FRU U.

SinnaWifida Ze deWeUPLQed WKLV UeOaWLRQVKLS ZLWK aOgae cROOecWed dXULQg WKLV VWXd\

(ASSeQdL[ B3).

TR WeVW fRU dLffeUeQceV LQ dRPLQaQce, Ze fLW GeQeUaOL]ed LLQeaU ML[ed MRdeOV

(GLMM) ZLWK bRWK deQVLW\ aQd bLRPaVV eVWLPaWLRQV Rf M. S\UifeUa, bRWK QRQ-QaWLYe

SaUgaVVXm VSecLeV aQd U. SinnaWifida aV UeVSRQVe YaULabOeV. We XVed a QegaWLYe bLQRPLaO

dLVWULbXWLRQ (daWa ZaV bRWK QRQ-GaXVVLaQ aQd RYeUdLVSeUVed) aQd a ORg OLQN fXQcWLRQ XVLQg

WKe µgOPeU.Qb¶ fXQcWLRQ Rf WKe µOPe4¶ R SacNage (RVWXdLR YeUVLRQ 1.2.5033). TR accRXQW fRU

WKe UeSeWLWLRQ Rf WUaQVecWV RYeU WLPe, Ze aVVLgQed WUaQVecW QXPbeUV ZLWKLQ WKe fL[ed effecW Rf

µSXbVLWe¶ aV a UaQdRP effecW. AOWeUQaWLYe PRdeOV ZeUe cRPSaUed aQd dLVcaUded XVLQg WKe

AIC cULWeULRQ (ASSeQdL[ B5, WabOe B5.1). We cRUURbRUaWed aOO cKRVeQ OeYeOV ZeUe

VLgQLfLcaQW XVLQg ANOVAV (W\Se 3 ANOVA RU WaOd cKL-VTXaUe WeVW) fRU bRWK PRdeOV

(S<0.05) (ASSeQdL[ B5, WabOe B5.2). AOO SaLUZLVe cRPSaULVRQV ZeUe baVed RQ WKeVe WZR

PRdeOV.
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TR deWeUPLQe Lf WKeUe ZaV a dLffeUeQce LQ cRPPXQLW\ dRPLQaQce LQVLde RU RXWVLde

WKe M. S\UifeUa caQRS\, Ze XVed BRQfeUURQL cRUUecWed SaLUZLVe cRPSaULVRQV beWZeeQ

VXbVLWeV fRU eacK VSecLeV, XVLQg bRWK deQVLW\ aQd bLRPaVV.

Abundance changes across seasons between species

TR eYaOXaWe VeaVRQaO cKaQgeV LQ WKe PacURaOgaO aVVePbOage, Ze XVed BRQfeUURQL

cRUUecWed SaLUZLVe cRPSaULVRQV beWZeeQ VSecLeV ZLWKLQ eacK VeaVRQ.  We XVe deQVLW\ aQd

bLRPaVV PeWULcV, aQd aOVR cRUURbRUaWed Lf VeaVRQaO YaULaWLRQ cRQfLUPed WKe RYeUaOO

dRPLQaQce SaWWeUQV.

Abundance changes across seasons within species

TR WeVW Lf WKe SRSXOaWLRQV Rf WKe fRXU VSecLeV aUe VWabOe WKURXgKRXW WKe \eaU, Ze XVed

BRQfeUURQL cRUUecWed SaLUZLVe cRPSaULVRQV beWZeeQ VeaVRQV ZLWKLQ eacK VSecLeV WR deWecW

LQWeUVSecLfLc cKaQgeV LQ deQVLW\ aQd bLRPaVV.

TR cKaUacWeUL]e VeaVRQaO cKaQgeV LQ VSecLeV dRPLQaQce b\ WKeLU UeVSecWLYe OLfe c\cOe

VWageV, Ze cKaUacWeUL]ed WKe SKeQRORg\ Rf eacK Rf WKe VSecLeV.  PKeQRORg\ ZaV dLYLded LQWR

fLYe caWegRULeV: RecUXLW, JXYeQLOe, AdXOW, ReSURdXcWLYe adXOW, aQd SeQeVceQW. We XVed

deQVLW\ aV RXU deVcULSWLYe YaULabOe WR deYeORS a cXPXOaWLYe WLPe VeULeV. We aOVR cRPSXWed

WKe SURSRUWLRQ Rf eacK OLfe VWage aW eacK WLPe Ze VaPSOed.
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Relationship with temperature

TR aVVeVV Lf WePSeUaWXUe d\QaPLcV dXULQg WKLV \eaU faYRUed aQ\ Rf WKe fRXU VSecLeV,

Ze LQWegUaWed PacURaOgaO bLRPaVV aQd WePSeUaWXUe daWa XVLQg cURVV cRUUeOaWLRQV. We XVed

ONSET HOBO PeQdaQW daWa ORggeUV WR UecRUd bRWWRP WePSeUaWXUe aW WKe VLWe (ASSeQdL[

B4). We caOcXOaWed a PRQWKO\ YaOXe fRU PeaQ WePSeUaWXUe aQd WePSeUaWXUe cReffLcLeQW Rf

YaULaWLRQ (CV), aQd PRQWKO\ PeaQ bLRPaVV fRU eacK Rf WKe fRXU VSecLeV. We WKeQ UaQ

WLPe-Oagged cURVV-cRUUeOaWLRQV Rf PeaQ WePSeUaWXUe SeU VSecLeV aQd CV SeU VSecLeV. We

RQO\ cRQVLdeUed cRUUeOaWLRQV ZLWK a QegaWLYe Oag WLPe, VLQce WKeVe deVcULbed LQVWaQceV LQ

ZKLcK WePSeUaWXUe YaOXeV cRUUeOaWed ZLWK fXWXUe bLRORgLcaO YaOXeV. CRUUeOaWLRQV aVVXPed

OLQeaU UeOaWLRQVKLSV. FRU eacK WePSeUaWXUe YaULabOe/bLRPaVV cRPbLQaWLRQ, Ze YLVXaOO\

cKecNed OLQeaULW\.
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Results

We fRXQd a \RXQg M. S\fieUa fRUeVW ZLWK a VXbcaQRS\ eQWLUeO\ dRPLQaWed b\

QRQ-QaWLYe aOgae. TKe PRVW SUeYaOeQW VSecLeV ZeUe S. hRUneUi (SUeVeQW LQ 92.3% Rf aOO

WUaQVecWV VXUYe\ed), U. SinnaWifida (84.6%), M. S\UifeUa (76.9%), aQd S. mXWicXm (74.4%).

AOWKRXgK Ze UegLVWeUed WKe SUeVeQce Rf RWKeU VXbcaQRS\ fRUPLQg RU RWKeUZLVe QRWeZRUWK\

PacURaOgae, WKeVe ZeUe PXcK PRUe VSaUVe. TKe PRVW abXQdaQW ZeUe SWeShanRc\VWiV

RVmXndacea (65.4% SUeYaOeQce, bXW YeU\ ORZ deQVLW\) aQd EiVenia aUbRUea (48.7%

SUeYaOeQce) (ASSeQdL[ C, WabOe C1).

Overall predominance

TKe VXbWLdaO PacURaOgaO cRPPXQLW\ aW ITS cRQVLVWed Rf a MacURc\VWiV S\UifeUa

caQRS\ ZLWK a PeaQ \eaUO\ fURQd deQVLW\ Rf 0.75 fURQdV SeU P2. SaUgaVVXm hRUneUi

SUeVeQWed WKe KLgKeVW PeaQ \eaUO\ deQVLW\ ZLWK 9.07 LQdLYV. SeU P2,  ZKLOe SaUgaVVXm

mXWicXm aQd UndaUia SinnaWifida SUeVeQWed \eaUO\ PeaQV Rf 2.07 aQd 0.98 LQdLYV. SeU P2

UeVSecWLYeO\. We dLd QRW fLQd a dLffeUeQce beWZeeQ M. S\UifeUa aQd U. SinnaWifida deQVLW\

(S=0.542). AW WKe VaPe WLPe, S. mXWicXm ZaV abRXW WZLce aV deQVe aV eLWKeU M. S\UifeUa RU

U. SinnaWifida (S<0.005), bXW ZaV VLgQLfLcaQWO\ OeVV deQVe WKaQ S. hRUneUi, ZKLcK ZaV RYeU

fRXU WLPeV deQVeU (S<0.005) (TabOe 1; ASSeQdL[ C, WabOe C2.1).

M. S\UifeUa UegLVWeUed WKe OaUgeVW PeaQ bLRPaVV Rf aQ\ VSecLeV, aOPRVW fRXU WLPeV

OaUgeU WKaQ S. hRUneUi. HRZeYeU, becaXVe Rf LWV YaULabLOLW\, M. S\UifeUa aQd S. hRUneUi Kad

VWaWLVWLcaOO\ VLPLOaU WRWaO bLRPaVV (S=0.879). S. mXWicXm aQd U. SinnaWifida VKRZed
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VLgQLfLcaQWO\ ORZeU bLRPaVV LQ cRPSaULVRQ ZLWK S. hRUneUi (abRXW a fRXUWK) aQd M. S\UifeUa

(RYeU 12 WLPeV ORZeU) (ASSeQdL[ C, WabOe C2.1). OXU PeaQ bLRPaVV eVWLPaWLRQV ZeUe KLgKO\

YaULabOe (TabOe 1).

AddLWLRQaOO\, S. hRUneUi deQVLW\ aQd bLRPaVV ZeUe VLgQLfLcaQWO\ ORZeU LQVLde WKe

³caQRS\´ VXbVLWe (S<0.005; ASSeQdL[ C, WabOe C2.2). BRWK WKe PeaQ \eaUO\ deQVLW\ aQd WKe

bLRPaVV ZeUe aSSUR[LPaWeO\ dRXbOe RXWVLde Rf WKe caQRS\ WKaQ LQVLde Rf LW (TabOe 2).

UndaUia SinnaWifida UegLVWeUed QR dLffeUeQce beWZeeQ VXbVLWeV, aQd S. mXWicXm ZaV deQVeU

LQ WKe caQRS\ VXbVLWe bXW VKRZed QR dLffeUeQce LQ bLRPaVV beWZeeQ VXbVLWeV  (TabOe 2;

ASSeQdL[ C, WabOe C2.2). M. S\UifeUa deQVLW\ aQd bLRPaVV ZeUe VLgQLfLcaQWO\ KLgKeU LQVLde

WKe ³caQRS\´ VXbVLWe (S<0.005; ASSeQdL[ C, WabOe C2.2). TKe PeaQ \eaUO\ deQVLW\ ZaV

abRXW dRXbOe, aQd WKe \eaUO\ PeaQ bLRPaVV ZaV 572.83 g P-2 LQVLde Rf WKe caQRS\, ZKLOe LW

ZaV RQO\ 32.61 g P-2 RXWVLde (TabOe 2).

Abundance changes across seasons between species

We fRXQd VeaVRQaO cKaQgeV LQ WKe PacURaOgaO aVVePbOage. OYeUaOO, WKe KLgKeVW

cXPXOaWLYe deQVLW\ Rf PacURaOgae ZaV LQ OaWe ZLQWeU/eaUO\ VSULQg, ZKLOe WKe KLgKeVW bLRPaVV

ZaV dXULQg WKe faOO (FLg.3). S. hRUneUi SUeVeQWed WKe KLgKeVW PeaQ deQVLW\ LQ WKe faOO (10.12

LQdLYV. P-2), ZLQWeU (13.85 LQdLYV. P-2), aQd VSULQg (10.39 LQdLYV. P-2) LQ cRPSaULVRQ WR WKe

UeVW Rf WKe VSecLeV. IQ WKe VXPPeU S. hRUneUi, S. mXWicXm aQd U. SinnaWifida ZeUe eTXaOO\

deQVe (TabOe 3; ASSeQdL[ C, WabOe C2.3). FRU bLRPaVV Ze fRXQd a PRUe d\QaPLc SaWWeUQ.
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FRU e[aPSOe, LQ VSULQg aOO VSecLeV VKRZed VLPLOaU bLRPaVV, ZKLOe LQ WKe faOO, M. S\UifeUa

VKRZed WKe KLgKeVW bLRPaVV (TabOe 3; ASSeQdL[ C, WabOe C2.3).

Abundance changes across seasons within species

OXU UeVXOWV VXggeVW WKe abXQdaQce Rf WKe fRXU PacURaOgae cKaQgeV acURVV VeaVRQV

dULYeQ b\ eacK VSecLeV¶ OLfe c\cOe (ASSeQdL[ C, WabOe C2.4). WKLOe aOO VKRZed dLffeUeQW

VeaVRQaO SaWWeUQV Rf abXQdaQce, S. hRUmeUi aQd S. mXWicXm SUeVeQWed VLPLOaU bLRPaVV aQd

OLfe c\cOe d\QaPLcV, ZLWK WKe e[ceSWLRQ Rf UecUXLWPeQW WLPeV. We fRXQd S. hRUneUi UecUXLWV

aOO \eaU ORQg, bXW WKe\ ZeUe WKe PRVW cRPPRQ OLfe VWage dXULQg eaUO\ faOO. SaUgaVVXm

mXWicXm eaUO\ OLfe VWageV ZeUe aOVR SUeVeQW WKURXgK WKe \eaU bXW ZeUe PRVW cRPPRQ LQ OaWe

VXPPeU. IQ cRQWUaVW, Ze fRXQd WKe PaMRULW\ Rf M. S\UifeUa aQd U. SinnaWifida UecUXLWV LQ

eaUO\ VXPPeU (FLg. 4).

Relationship with temperature

TKe PeaQ ZaWeU WePSeUaWXUe aW IVOaV TRdRV SaQWRV ZaV 16.6 �C. We fRXQd WKe

OaUgeVW WePSeUaWXUe YaULaWLRQ  (a12�C) LQ OaWe VXPPeU ZKeQ Ze UecRUded bRWK WKe Pa[LPXP

(24.2�C) aQd PLQLPXP (12.3�C) WePSeUaWXUeV LQ WKe VaPe PRQWK Rf AXgXVW (FLg. 6). TKeVe

WePSeUaWXUeV aOLgQ ZeOO ZLWK SUefeUUed UaQgeV fRU aOO fRXU aOgae VWXdLed. MacURc\VWiV

S\UifeUa WePSeUaWXUe WROeUaQce UaQgeV fURP 9 WR 26 �C, aOWKRXgK gURZWK WePSeUaWXUeV UaQge

beWZeeQ 14.5 aQd 18.5 �C (LadaK aQd ZeUWXcKe-GRQ]iOe], 2007; ZLPPeUPaQ aQd KUePeU,

1986). SaUgaVVXm mXWicXm adXOWV caQ VXUYLYe beWZeeQ -1 aQd 30 �C, bXW geUPOLQgV dRQ¶W
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deYeORS ZeOO beORZ 10 �C (EQgeOeQ eW aO., 2015; NRUWRQ, 1977). SaUgaVVXm hRUneUi WKULYeV

beWZeeQ 15 aQd 20 �C bXW caQ ZLWKVWaQd WePSeUaWXUeV beWZeeQ 7 aQd 25 �C(CKRL eW aO.,

2008; SPaOO aQd EdZaUdV, 2021). UndaUia SinnaWifida¶V WROeUaQce UaQge YaULeV beWZeeQ

SRSXOaWLRQV, ZLWK PLQLPXP WROeUaQceV beWZeeQ 0.1 aQd 15.5�C aQd Pa[LPXP WROeUaQceV

beWZeeQ 13.5 aQd 29.5 �C. HRZeYeU, VSRURSK\WeV geQeUaOO\ VeQeVce abRYe 20�C (JaPeV eW

aO., 2015).

We fRXQd a VWURQg SRVLWLYe cRUUeOaWLRQ (<_0.6_) beWZeeQ M. S\UifeUa bLRPaVV aQd WKe

cReffLcLeQW Rf YaULaWLRQ Rf WKe WePSeUaWXUe ZLWK a 1-2 PRQWK Oag, aQd a YeU\ VWURQg SRVLWLYe

cRUUeOaWLRQ (<_0.8_) ZLWK WKe PeaQ WePSeUaWXUe ZLWK QR Oag. We fRXQd VWURQg QegaWLYe

cRUUeOaWLRQV beWZeeQ  WKe cReffLcLeQW Rf YaULaWLRQ Rf WKe WePSeUaWXUe aQd bRWK VSecLeV Rf

SaUgaVVXm ZLWK 0-1 PRQWK Oag, aQd QR UeOaWLRQVKLS WR PeaQ WePSeUaWXUe fRU eLWKeU VSecLeV.

FRU U. SinnaWifida Ze fRXQd VWURQg QegaWLYe cRUUeOaWLRQV fRU bRWK WePSeUaWXUe YaULabOeV

(CV ZLWK a 4 PRQWK Oag, PeaQ WePSeUaWXUe ZLWK a 2 PRQWK Oag) (ASSeQdL[ C, WabOe C3.1).
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Discussion

TKLV VWXd\ LQYeVWLgaWed WKe dRPLQaQW PacURaOgaO d\QaPLcV aW a WePSeUaWe VXbWLdaO

URcN\ Ueef QeaU WKe VRXWKeUQ dLVWULbXWLRQ OLPLW fRU NeOS fRUeVWV LQ WKe NRUWKeUQ KePLVSKeUe LQ

WKe SUeVeQce Rf PXOWLSOe QRQ-QaWLYe VSecLeV. We fRXQd WKaW WKe NeOS fRUeVW aW IVOaV TRdRV

SaQWRV LV a gUeaW VLWe WR VWXd\ WKe SKeQRORg\ Rf PXOWLSOe PacURaOgaO VSecLeV WR beWWeU

XQdeUVWaQd KRZ QRQ-QaWLYe LQWURdXcWLRQV, LQ addLWLRQ WR eQYLURQPeQWaO dLVWXUbaQce, cKaQge

WKe VWUXcWXUe, fXQcWLRQ aQd d\QaPLcV Rf a cRaVWaO ecRV\VWeP. We fRXQd WKaW deVSLWe WKe

eVWabOLVKPeQW Rf WKUee QRQ-QaWLYe VSecLeV aQd aQ e[WUePe PaULQe KeaWZaYe aQd ENSO

eYeQW LQ 2014-2016 WKaW LPSacWed M. S\UifeUa SRSXOaWLRQV LQ PXcK Rf WKe UegLRQ

(BeaV-LXQa eW aO., 2020; CaYaQaXgK eW aO., 2019), WKe NeOS fRUeVW aW ITS UeWaLQV a OLPLWed

SRWeQWLaO WR UecRYeU. SSecLfLcaOO\, WKLV PacURaOgaO aVVePbOage VKRZV VLgQV Rf

cRPSOePeQWaU\ XVe Rf UeVRXUceV, ZLWK SeaNV LQ bLRPaVV aQd UecUXLWPeQW WKaW YaU\ b\

VSecLeV RYeU WLPe. TKXV, LQ WKLV VWXd\ Ze KLgKOLgKW WKe YaOXe Rf LQYeVWLgaWLQg WKe YaULabLOLW\

Rf deQVLW\, bLRPaVV aQd WKe UeOaWLRQVKLS ZLWK WePSeUaWXUe Rf  PXOWLSOe PacURaOgaO VSecLeV LQ

a cKaQgLQg cOLPaWe.

Overall predominance

TKe VXbWLdaO PacURaOgaO cRPPXQLW\ aW ITS cRXOd be cXUUeQWO\ cRQVLdeUed a \RXQg,

ORZ deQVLW\ NeOS fRUeVW (0.75 � 1.60 fURQdV P2� SD, 1-74 fURQdV SeU adXOW LQdLYLdXaO). FRU

cRPSaULVRQ, a decade befRUe, BeaV-LXQa aQd LadaK (2014) UeSRUWed VeaVRQaO fURQd PeaQV

aW ITS Rf ∼3.5 � 0.5 fURQdV P2� SE LQ ZLQWeU aQd ∼5.5 � 0.5 fURQdV P2� SE LQ VSULQg, bRWK
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Rf ZKLcK aUe PXcK KLgKeU WKaQ RXU \eaUO\ PeaQ, aQd eYeQ RXU deQVeVW VeaVRQ, faOO, ZLWK

1.41 � 2.43 fURQdV P2� SD.

MRVW M. S\UifeUa LQdLYLdXaOV LQ WKLV VWXd\ aUe faLUO\ \RXQg; PRVW Rf WKeP ZeUe OeVV

WKaQ a \eaU ROd aW WKe VWaUW Rf WKe VXUYe\V, afWeU FpOL[-LRaL]a eW aO. (LQ UeYLeZ) UeSRUWed a

cRPSOeWe dLVaSSeaUaQce Rf WKe PacURVcRSLc fRUP Rf WKe VSecLeV LQ WKLV Ueef LQ 2019. DeVSLWe

WKLV, aQd WKe deOLbeUaWe LQcOXVLRQ Rf a VXbVLWe ZLWK QR LQLWLaO M. S\UifeUa SUeVeQce, M.

S\UifeUa LV VWLOO RQe Rf WKe OaUgeVW cRQWULbXWRUV WR ORcaO bLRPaVV.

TKe VXbcaQRS\ Oa\eU aW ITS LV cRPSOeWeO\ dRPLQaWed b\ QRQ-QaWLYe VSecLeV, ZLWK a

OaUge SUeVeQce Rf bRWK VSecLeV Rf WKe SaUgaVVXm geQeUa. HRZeYeU, QeLWKeU SRSXOaWLRQ LV aV

deQVe aV WKRVe UecRUded LQ VRPe Rf WKe VWXdLeV WKaW KaYe aUgXed cRQceUQ RYeU WKe effecWV Rf

WKeVe VSecLeV LQ NeOS fRUeVWV (APbURVe aQd NeOVRQ, 1982; KaSOaQLV eW aO., 2016; MaUNV eW

aO., 2018; MLOOeU aQd EQgOe, 2009). OQ WKe RWKeU KaQd, U. SinnaWifida ZaV PXcK OeVV

abXQdaQW WKaQ YaOXeV UeSRUWed LQ PaULQaV RU RWKeU KeaYLO\ dLVWXUbed VLWeV (JaPeV, 2017).

HRZeYeU, deQVLW\ aVVeVVPeQWV fRU SRSXOaWLRQV VKaULQg VSace ZLWK NeOS caQRSLeV aUe VSaUVe.

TR RXU NQRZOedge, WKeUe aUe cXUUeQWO\ QR RWKeU deQVLW\ aVVeVVPeQWV fRU WKe NRUWKeaVW

PacLfLc.

OXU cRPSaULVRQ LQVLde aQd RXWVLde WKe NeOS caQRS\ VXggeVWed VRPe LQWeUeVWLQg

WUeQdV.  AccRUdLQg WR RXU daWa, S. hRUneUi VKRZed aQ LQYeUVe UeOaWLRQVKLS WR M. S\UifeUa.

TKe VSecLeV ZaV deQVeU aQd acKLeYed KLgKeU bLRPaVV RQ WKe VXbVLWe ZKeUe M. S\UifeUa ZaV

VLgQLfLcaQWO\ OeVV abXQdaQW. AOVR, S. mXWicXm aSSeaUed WR gURZ dLffeUeQWO\ LQVLde aQd

RXWVLde WKe NeOS VWaQd. WKLOe bLRPaVV UePaLQed WKe VaPe, deQVLW\ ZaV KLgKeU ZLWKLQ WKe M.
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S\UifeUa VWaQd, ZKLcK VXggeVWV a VSaUVeU bXW WaOOeU SRSXOaWLRQ Rf S. mXWicXm ZKeUe S.

hRUneUi ZaV PRUe abXQdaQW. TKLV cRXOd VXggeVW WKaW WKe SUeVeQce Rf PXOWLSOe QRQ-QaWLYe

PacURaOgae PRdLfLeV eacK RWKeUV¶ SRSXOaWLRQV aV ZeOO, LQ Za\V WKaW cRXOd KaYe

UeSeUcXVVLRQV fRU WKeLU LPSacW RQ WKe QaWLYe aVVePbOage aQd ecRV\VWePV VeUYLceV.

Abundance changes across seasons between species

IQ OLQe ZLWK WKe \eaUO\ aVVeVVPeQW Rf dRPLQaQce, S. hRUneUi dULYeV WKe KLgKeVW

deQVLW\ Rf aOgae P-2 RYeUaOO LQ OaWe ZLQWeU/eaUO\ VSULQg, ZKLOe bLRPaVV SeaNV LQ WKe eaUO\ faOO,

PRVWO\ dXe WR M. S\UifeUa. SeaVRQaO YaULaWLRQ, eVSecLaOO\ bLRPaVV, VKRZed a PLVPaWcK Rf

Pa[LPXP YaOXeV beWZeeQ dRPLQaQW VSecLeV aW ITS. MacURc\VWiV S\UifeUa bLRPaVV SeaNed LQ

WKe faOO, U. SinnaWifida SeaNed LQ WKe VXPPeU aQd feOO VKaUSO\ afWeUZaUdV, aQd bRWK

SaUgaVVXm VSecLeV ZeUe KLgKeVW LQ ZLQWeU aQd eaUO\ VSULQg. ReceQW ZRUNV KaYe VXggeVWed

WKaW S. hRUneUi LV aQ RSSRUWXQLVWLc VSecLeV WKaW WKULYeV LQ caQRS\-fRUPLQg QaWLYe

VSaWLRWePSRUaO RSeQLQgV; a SaVVeQgeU UaWKeU WKaQ a dULYeU Rf eQYLURQPeQWaO cKaQge (MaUNV

eW aO., 2020; R\]QaU eW aO., 2021). SLPLOaU cRQcOXVLRQV KaYe beeQ UeacKed eOVeZKeUe fRU

SRSXOaWLRQV Rf U. SinnaWifida, ZKLcK VeePV WR WKULYe PaLQO\ LQ KXPaQ-Pade VXbVWUaWeV aQd

QaWXUaO V\VWePV ZLWK OLWWOe aOgaO caQRS\, aQd Pa\ QRW be caSabOe Rf  KaYLQg dLUecW QegaWLYe

effecWV RQ NeOS SRSXOaWLRQV (SRXWK eW aO., 2017).  NLcKe cRPSOePeQWaULW\; WKe abLOLW\ Rf

WKeVe QRQ-QaWLYe VSecLeV WR RccXS\ XQXVed UeVRXUceV, aSSeaUV WR aOLgQ ZLWK RXU UeVXOWV. TKLV

KaV LPSRUWaQW LPSOLcaWLRQV fRU NeOS UeVWRUaWLRQ effRUWV. If WKeVe QRQ-QaWLYe VSecLeV aUe QRW

dLUecWO\ cRPSeWLQg ZLWK M. S\UifeUa, WKeQ LW cRXOd SURYe PRUe effecWLYe WR fRVWeU QaWLYe

caQRS\ UecRYeU\ b\ LQcUeaVLQg WKe QXPbeU Rf \RXQg M. S\UifeUa VSRURSK\WeV ZLWK
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WUaQVSOaQWLQg RU PaULcXOWXUe effRUWV, UaWKeU WKaQ WR VSeQd UeVRXUceV LQ WKe cRQWURO Rf WKeVe

QRQ-QaWLYe VSecLeV. TKLV cRXOd be eVSecLaOO\ LPSRUWaQW afWeU KeaWZaYeV, ZKLcK

dLVSURSRUWLRQaWeO\ affecW M. S\UifeUa, UedXcLQg PaWXUe adXOW SRSXOaWLRQV aQd LPSaLULQg WKe

VSecLeV¶ UeSURdXcWLYe RXWSXW.

Abundance changes across seasons within species

We fRXQd WKaW WKe OLfe c\cOe Rf eacK VSecLeV Kad a PaMRU UROe dULYLQg WKe dLffeUeQW

SaWWeUQV Rf abXQdaQce aQd fXQcWLRQ LQ WKLV cRPPXQLW\.  TKe \RXQg VWaQd Rf M. S\UifeUa

VKRZed VLgQV Rf gURZWK dXULQg WKe \eaU. YRXQg OLfe VWageV ZeUe aVVRcLaWed ZLWK WKe

VXPPeU, aQd bLRPaVV LQcUeaVed accRUdLQgO\ LQ WKe faOO. MRUeRYeU, UecUXLWPeQW ZaV SUeVeQW

aW bRWK VXbVLWeV, ZKLcK VXggeVWV WKe VPaOO VWaQd Ze VWXdLed LV e[SaQdLQg. TKeVe UecUXLWV

aUeQ¶W OLNeO\ WR KaYe cRPe fURP WKLV VaPe SRSXOaWLRQ, VLQce Ze UecRUded OLWWOe eYLdeQce Rf

VSRURSK\OO deYeORSPeQW LQ WKe adXOW VSRURSK\WeV WKLV \eaU aQd WKeUe LV a M. S\UifeUa

SRSXOaWLRQ QRW faU fURP WKe RSeQ RceaQ VLde Rf WKe caQaO. SWLOO, WKLV LQdLcaWeV WKaW WKe

SUeVeQce Rf RXU QRQ-QaWLYe XQdeUVWRU\ VSecLeV Pa\ be KLQdeULQg bXW LVQ¶W SUeYeQWLQg M.

S\UifeUa UecUXLWPeQW aQd UegURZWK.TKe SVeXdR-SeUeQQLaO S. mXWicXm VKRZed VWabOe deQVLW\

WKURXgK WKe \eaU, LQ VSLWe Rf a dURS LQ bLRPaVV beWZeeQ VSULQg aQd VXPPeU. A gURZWK SXOVe

LQ OaWe VXPPeU cXOPLQaWed LQ SeaN ZLQWeU bLRPaVV, KRZeYeU, Ze cRXOd QRW dLVWLQgXLVK Lf

WKLV SXOVe ZaV caXVed b\ UecUXLWPeQW Rf QeZ LQdLYLdXaOV RU UegURZWK Rf ROdeU KROdfaVWV. TKe

aQQXaO S. hRUneUi VKRZed a VLPLOaU VeaVRQaO SaWWeUQ WR S. mXWicXm, ZLWK a dURS beWZeeQ

VSULQg aQd VXPPeU bLRPaVV, LQ WKLV caVe PaWcKed b\ a dURS LQ deQVLW\, aQd SeaN ZLQWeU

bLRPaVV. SaUgaVVXm hRUneUi VKRZed UecUXLWPeQW WKURXgKRXW WKe \eaU, SeaNLQg LQ ZLQWeU, a
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OLWWOe OaWeU WKaQ S. mXWicXm aQd aOVR OaWeU WKaQ UeSRUWV fURP SaQWa CaWaOLQa IVOaQd, ZKLcK

KaYe SOaced SeaN MXYeQLOe SUeVeQce LQ WKe VXPPeU, bXW RWKeUZLVe PaWcK RXU abXQdaQce aQd

SKeQRORg\ SaWWeUQV (MaUNV eW aO., 2018). FRU WKe WZR SaUgaVVXm VSecLeV, Ze faLOed WR

caSWXUe UeSURdXcWLYe adXOW aQd VeQeVceQW OLfe VWageV OLNeO\ dXe WR aQ LQWeUUXSWLRQ LQ

VaPSOLQg dXULQg WKe PRQWK Rf ASULO 2020. HRZeYeU, bRWK SRSXOaWLRQV SOXPPeWed beWZeeQ

MaUcK aQd OaWe ASULO VaPSOLQgV, ZKLcK cRXOd LPSO\ UeSURdXcWLRQ aQd UaSLd VeQeVceQce

KaSSeQed LQ WKLV WLPe ZLQdRZ aV SUeYLRXVO\ UeSRUWed LQ SaQWa CaWaOLQa IVOaQd (MaUNV eW aO.

2018). TKe KLgKO\ VeaVRQaO U. SinnaWifida VSRURSK\WeV VKRZed a VLQgOe OaUge UecUXLWPeQW

SXOVe LQ OaWe VSULQg/eaUO\ VXPPeU, aQd UaSLd SRSXOaWLRQ gURZWK, UeSURdXcWLRQ aQd

VeQeVceQce cXOPLQaWLQg LQ OaWe faOO.  TKLV VLQgOe UecUXLWPeQW aQd gURZWK SXOVe PaWcKeV WKe

SUedLcWLRQ Pade b\ JaPeV eW aO., (2015) baVed RQ Vea VXUface WePSeUaWXUeV fRU WKLV aUea.

AgaLQ, WKe VOLgKW WePSRUaO dLffeUeQceV LQ UecUXLWPeQW WLPeV fRU WKe fRXU VSecLeV SRLQW WR WKe

VKaULQg Rf VSaWLRWePSRUaO UeVRXUceV beWZeeQ VSecLeV UaWKeU WKaQ dLUecW cRPSeWLWLRQ. IW LV

QRWeZRUWK\ WKaW M. S\UifeUa UecUXLWPeQW cRLQcLded ZLWK SeaN U. SinnaWifida deQVLW\ aQd

bLRPaVV.

Relationship with temperature

OQO\ M. S\UifeUa bLRPaVV VKRZed a SRVLWLYe cRUUeOaWLRQ WR WePSeUaWXUe, deVSLWe WKe

aQQXaO WePSeUaWXUeV beLQg ZLWKLQ WKe UaQge Rf WROeUaQce fRU aOO fRXU VSecLeV VWXdLed. TKe

WLPe-Oagged cRUUeOaWLRQ VKRZed bLRPaVV Rf M. S\UifeUa LQcUeaVed abRXW WZR PRQWKV afWeU

WKe cReffLcLeQW Rf YaULaWLRQ Rf WKe WePSeUaWXUe LQcUeaVed. We aOVR fRXQd a YeU\ VWURQg

LPPedLaWe SRVLWLYe cRUUeOaWLRQ ZLWK WKe PeaQ WePSeUaWXUe.  IQYeUVeO\, WLPe-Oagged
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cRUUeOaWLRQ VKRZed aQ LPPedLaWe decUeaVe LQ bLRPaVV fRU bRWK SaUgaVVXm VSecLeV ZLWK WKe

LQcUeaVe Rf WKe cReffLcLeQW Rf YaULaWLRQ Rf WKe WePSeUaWXUe. TKLV LV OLNeO\ becaXVe WKe

WePSeUaWXUe YaULaWLRQ LV a VLgQaO Rf XSZeOOLQg eYeQWV cRPLQg LQ WKURXgK WKe caQaO, ZKLcK

faYRU M. S\UifeUa gURZWK bXW QRW aQ\ RWKeU aOga. CRQWUaU\ WR M. S\UifeUa, U. SinnaWifida

VKRZed VWURQg QegaWLYe cRUUeOaWLRQV ZLWK bRWK WePSeUaWXUe YaULabOeV. BLRPaVV fRU WKLV

VSecLeV LQcUeaVed 2 PRQWKV afWeU PeaQ WePSeUaWXUe decUeaVed aQd 4 PRQWKV afWeU WKe

decUeaVe Rf WKe cReffLcLeQW Rf YaULaWLRQ Rf WKe WePSeUaWXUe.

IW LV LPSRUWaQW WR cRQVLdeU WKaW Ze cKaUacWeUL]ed WKe PacURaOgaO VWUXcWXUe RQ ITS

dXULQg a \eaU ZLWK feZ eQYLURQPeQWaO dLVWXUbaQceV. FRU WKe \eaU 2020 WKe VRXWKeUQ SaUW Rf

WKe CaOLfRUQLa CXUUeQW S\VWeP fROORZed VXLW LQ a 7-\eaU WUeQd Rf PLOd ZaUPLQg, bXW QR OaUge

ZaUP WePSeUaWXUe aQRPaOLeV ZeUe UecRUded cORVe WR WKe cRaVW (WebeU eW aO., 2021).
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Conclusions

Ɣ TKe VXbWLdaO PacURaOgaO cRPPXQLW\ aW IVOaV TRdRV SaQWRV LV cXUUeQWO\ a \RXQg, ORZ

deQVLW\ NeOS fRUeVW. SWLOO, M. S\UifeUa LV RQe Rf WKe OaUgeVW cRQWULbXWRUV WR ORcaO

bLRPaVV.

Ɣ TKe VXbcaQRS\ Oa\eU aW ITS LV cRPSOeWeO\ dRPLQaWed b\ QRQ-QaWLYe VSecLeV, ZLWK a

OaUge SUeVeQce Rf bRWK VSecLeV Rf WKe SaUgaVVXm geQeUa. HRZeYeU, QeLWKeU

SRSXOaWLRQ LV aV deQVe aV WKRVe UecRUded LQ VRPe Rf WKe VWXdLeV WKaW KaYe aUgXed

cRQceUQ RYeU WKe effecWV Rf WKeVe VSecLeV LQ NeOS fRUeVWV.

Ɣ We aQaO\]ed WZR VXbVLWeV aQd fRXQd LQYeUVe UeOaWLRQVKLSV beWZeeQ S. hRUneUi aQd

M. S\UifeUa deQVLW\ aQd bLRPaVV.

Ɣ SaUgaVVXm mXWicXm ZaV deQVeU ZKeUe M. S\UifeUa ZaV PRUe abXQdaQW WKaQ ZKeUe

S. hRUneUi dRPLQaWed, bXW LWV bLRPaVV dLdQ¶W dLffeU, VXggeVWLQg SRWeQWLaOO\ LQWeUeVWLQg

VL]e dLVWULbXWLRQ dLffeUeQceV.

Ɣ SeaVRQaO YaULaWLRQ, eVSecLaOO\ bLRPaVV, VKRZed a PLVPaWcK Rf Pa[LPXP YaOXeV

beWZeeQ dRPLQaQW VSecLeV aW ITS. MacURc\VWiV S\UifeUa bLRPaVV SeaNed LQ WKe faOO,

U. SinnaWifida SeaNed LQ WKe VXPPeU aQd feOO VKaUSO\ afWeUZaUdV, aQd bRWK

SaUgaVVXm VSecLeV ZeUe KLgKeVW LQ ZLQWeU aQd eaUO\ VSULQg.

Ɣ TKe OLfe c\cOe Rf eacK VSecLeV Kad a PaMRU UROe dULYLQg WKe dLffeUeQW SaWWeUQV Rf

abXQdaQce LQ WKLV cRPPXQLW\. Ma[LPXP SUeVeQce Rf eaUO\ OLfe VWageV ZaV VWaggeUed

beWZeeQ WKe fRXU VSecLeV.
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Ɣ TKe KLgKO\ VeaVRQaO U. SinnaWifida VSRURSK\WeV VKRZed a VLQgOe OaUge UecUXLWPeQW

SXOVe LQ OaWe VSULQg/eaUO\ VXPPeU, ZKLcK PaWcKeV  SUedLcWLRQV baVed RQ Vea VXUface

WePSeUaWXUeV fRU WKLV aUea.

Ɣ TePSeUaWXUeV WKURXgKRXW WKe \eaU ZeUe ZLWKLQ WKe UaQge Rf WROeUaQce fRU aOO fRXU

VSecLeV VWXdLed. M. S\UifeUa VKRZed SRVLWLYe WLPe-Oagged cRUUeOaWLRQV ZLWK bRWK

PeaQ WePSeUaWXUe aQd LWV cReffLcLeQW Rf YaULaWLRQ, ZKLOe U. SinnaWifida VKRZed

QegaWLYe cRUUeOaWLRQV ZLWK bRWK WePSeUaWXUe YaULabOeV.
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Tables

TabOe 1. MeaQ \eaUO\ deQVLW\ (XQLWV Rf fUeTXeQc\ P-2) aQd bLRPaVV (g P-2) � SD Rf M,
S\UifeUa, S. hRUneUi, S. mXWicXm aQd U. SinnaWifida. SLgQLfLcaQW dLffeUeQceV beWZeeQ VSecLeV
aUe deQRWed ZLWK ORZeU-caVe OeWWeUV LQ SaUeQWKeVeV; VSecLeV WKaW aUe VLgQLfLcaQWO\ dLffeUeQW
fURP RQe aQRWKeU dRQ¶W VKaUe a OeWWeU (BRQfeUURQL-cRUUecWed SaLUZLVe cRPSaULVRQ, S<0.005).

Mean densit\ (units of freq. m-2) Mean biomass (g m-2)

MacURc\VWiV S\UifeUa 0.75 � 1.60 (c) 302.72 � 652.50 (a)

SaUgaVVXm hRUneUi 9.07 � 10.34 (a) 83.54 � 120.42 (a)

SaUgaVVXm mXWicXm 2.07 � 3.05 (b) 24.30 � 60.95 (b)

UndaUia SinnaWifida 0.98 � 1.40 (c) 24.86 � 29.28 (b)

TabOe 2. MeaQ \eaUO\ deQVLW\ (XQLWV Rf fUeTXeQc\ P-2) aQd bLRPaVV (g P-2) � SD Rf M,
S\UifeUa, S. hRUneUi, S. mXWicXm aQd U. SinnaWifida SeU VXbVLWe. SLgQLfLcaQW dLffeUeQceV fRU
WKe VaPe VSecLeV beWZeeQ VXbVLWeV aUe deQRWed ZLWK aQ aVWeULVN (*) (BRQfeUURQL-cRUUecWed
SaLUZLVe cRPSaULVRQ, S<0.005).

Mean densit\ (units of freq. m-2) Mean biomass (g m-2 )

Canop\ Outside Canop\ Outside

M. S\UifeUa 1.41 � 2.05* 0.09 � 0.29* 572.83 � 836.13* 32.61 � 117.71*

S. hRUneUi 5.57 � 9.38* 12.57 � 10.17* 58.44 � 109.76* 108.64 � 126.66*

S. mXWicXm 2.99 � 3.95* 1.16 � 1.27* 33.70 � 82.31 14.89 � 23.90

U. SinnaWifida 0.70 � 0.74 1.25 � 1.80 26.38 � 30.11 23.35 � 28.75
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TabOe 3. MeaQ VeaVRQaO deQVLW\ (XQLWV Rf fUeTXeQc\ P-2) aQd bLRPaVV (g P-2) � SD Rf M,
S\UifeUa, S. hRUneUi, S. mXWicXm aQd U. SinnaWifida. SLgQLfLcaQW dLffeUeQceV beWZeeQ VSecLeV
aUe deQRWed ZLWK ORZeU-caVe OeWWeUV LQ SaUeQWKeVeV; VSecLeV WKaW aUe VLgQLfLcaQWO\ dLffeUeQW
dRQ¶W VKaUe a OeWWeU (BRQfeUURQL-cRUUecWed SaLUZLVe cRPSaULVRQ, S<0.005).

Spring

MeaQ deQVLW\ (fUeT. XQLWV P-2) MeaQ bLRPaVV (g P-2)

MacURc\VWiV S\UifeUa 0.23 � 0.58 (b) 93.28 � 237.29 (a)

SaUgaVVXm hRUneUi 10.39 � 10.24 (a) 171.61 � 183.46 (a)

SaUgaVVXm mXWicXm 1.19 � 1.65 (b) 25.53 � 32.42 (a)

UndaUia SinnaWifida 0.18 � 0.10 (b) 30.55 � 38.09 (a)

Summer

MeaQ deQVLW\ (fUeT. XQLWV P-2) MeaQ bLRPaVV (g P-2)

MacURc\VWiV S\UifeUa 0.65 � 1.17 (b) 255.91 � 475.00 (a)

SaUgaVVXm hRUneUi 3.77 � 5.03 (a) 20.41 � 31.52 (bc)

SaUgaVVXm mXWicXm 1.86 � 4.00 (a) 7.12 � 13.03 (c)

UndaUia SinnaWifida 2.06 � 1.73 (a) 51.73 � 25.02 (ab)

Fall

MeaQ deQVLW\ (fUeT. XQLWV P-2) MeaQ bLRPaVV (g P-2)

MacURc\VWiV S\UifeUa 1.41 � 2.43 (b) 574.09 � 993.39 (a)

SaUgaVVXm hRUneUi 10.12 � 11.61 (a) 43.39 � 46.76 (b)

SaUgaVVXm mXWicXm 2.15 � 1.61 (b) 12.55 � 10.06 (b)

UndaUia SinnaWifida 0.94 � 1.17 (b) 6.14 � 8.55 (b)

Winter

MeaQ deQVLW\ (fUeT. XQLWV P-2) MeaQ bLRPaVV (g P-2)

MacURc\VWiV S\UifeUa 0.35 � 0.72 (c) 142.95 � 294.23 (a)

SaUgaVVXm hRUneUi 13.85 � 11.53 (a) 162.55 � 140.04 (a)

SaUgaVVXm mXWicXm 2.85 � 3.75 (b) 62.04 � 116.87 (a)

UndaUia SinnaWifida 0.11 � 0.15 (c) 10.23 � 15.34 (b)
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Figures

FLg. 1:  MaS Rf IVOaV TRdRV SaQWRV ZLWKLQ WKe TRdRV SaQWRV Ba\ LQ NRUWKeUQ BaMa
CaOLfRUQLa, Mp[LcR.

FLg. 2:  DLVWULbXWLRQ Rf WUaQVecW aUUa\ deSOR\ed fRU eYeU\ PRQLWRULQg URXQd (QRW WR VcaOe).
TUaQVecWV aUe PaUNed 1-3, ZKLOe SeUPaQeQW VXbVLWe PaUNeUV aUe OabeOed ³A´ (CaQRS\), aQd

³B´ (OXWVLde). TKe Ued dRWV UeSUeVeQW WePSeUaWXUe VeQVRUV.
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FLg. 3: CXPXOaWLYe PeaQ abXQdaQce Rf MacURc\VWiV S\UifeUa, SaUgaVVXm hRUneUi
SaUgaVVXm mXWicXm aQd UndaUia SinnaWifida SeU VaPSOLQg dXULQg WKe \eaU 2020.
AbXQdaQce LV e[SUeVVed aV deQVLW\ (abRYe) aQd bLRPaVV (beORZ). TKe gaS LQ daWa

cRQVWLWXWeV a VaPSOLQg bUeaN dXe WR WKe COVID-19 ePeUgeQc\ Rf 2020.
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FLg. 4: LRgaULWKPLc PeaQ VeaVRQaO abXQdaQce Rf MacURc\VWiV S\UifeUa, SaUgaVVXm hRUneUi
SaUgaVVXm mXWicXm aQd UndaUia SinnaWifida fRU WKe \eaU 2020. AbXQdaQce LV e[SUeVVed aV

deQVLW\ (abRYe) aQd bLRPaVV (beORZ). EUURU baUV UeSUeVeQW cRQfLdeQce LQWeUYaOV.
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FLg. 5: PKeQRORg\ Rf  a) MacURc\VWiV S\UifeUa, b) SaUgaVVXm hRUneUi, c) UndaUia SinnaWifida
aQd d) SaUgaVVXm mXWicXm e[SUeVVed aV deQVLW\ (XQLWV Rf fUeT. P-2) ZLWKLQ eacK cOaVV

(abRYe) aQd UeOaWLYe SURSRUWLRQ Rf WKe SRSXOaWLRQ beORQgLQg WR eacK SUeVeQW cOaVV (beORZ).
AOWeUQaWLQg gUa\ aQd ZKLWe bacNgURXQd baQdV UeSUeVeQW VeaVRQV, VWaUWLQg ZLWK ZLQWeU (gUa\).

TKe gaS LQ VSULQg daWa cRQVWLWXWeV a VaPSOLQg bUeaN dXe WR WKe COVID-19 ePeUgeQc\ Rf
2020.
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FLg. 6. MRQWKO\ PeaQ (bOacN), daLO\ KLgK (Ued) aQd daLO\ ORZ (bOXe)  bRWWRP WePSeUaWXUe
(�C) UegLVWeUed. AOWeUQaWLQg gUa\ aQd ZKLWe bacNgURXQd baQdV UeSUeVeQW VeaVRQV, VWaUWLQg

ZLWK ZLQWeU (gUa\).
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Appendix

Appendix A: Background

MacURc\VWiV S\UifeUa fRUeVWV

MacURc\VWiV S\UifeUa (LLQQaeXV) C. AgaUdK, 1820 (LaPLQaULaOeV), cRPPRQO\

UefeUUed WR aV gLaQW NeOS, LV a bURZQ aOga aQd WKe ZRUOd¶V OaUgeVW beQWKLc RUgaQLVP. TKe OLfe

c\cOe Rf M. S\UifeUa cRQVLVWV Rf a KeWeURPRUSKLc aOWeUQaWLRQ Rf geQeUaWLRQV beWZeeQ a

PLcURVcRSLc KaSORLd gaPeWRSK\We aQd a PacURVcRSLc, SeUeQQLaO dLSORLd VSRURSK\We

(Da\WRQ, 1985). IW WaNeV aSSUR[LPaWeO\ VL[ WR QLQe PRQWKV fRU a VeWWOed VSRUe WR PaWXUe LQWR

a caQRS\-fRUPLQg VSRURSK\We, ZKLcK caQ OLYe fRU PRUe WKaQ 6-8 \eaUV  (Da\WRQ eW aO.,

1984).  A M. S\UifeUa VSRURSK\We cRQVLVWV Rf a bXQdOe Rf fURQdV WKaW aULVe fURP a baVaO

V\VWeP Rf VWLSeV aQd a cRPPRQ KROdfaVW. EacK URSe-OLNe fURQd SRVVeVVeV PXOWLSOe bOadeV

aWWacKed b\ VPaOO gaV bOaddeUV.

MacURc\VWiV S\UifeUa, aV a fRXQdaWLRQ VSecLeV aQd ecRV\VWeP eQgLQeeU, KaV beeQ

VXbMecW WR e[WeQVLYe VcLeQWLfLc LQWeUeVW (aV UeYLeZed LQ (GUaKaP eW aO., 2007) aQd UefeUeQceV

WKeUeLQ). FRU WKe QRUWKeaVWeUQ PacLfLc, LWV KLVWRULc UaQge e[WeQdV beWZeeQ PRLQW AxR NXeYR

LQ SaQWa CUX], CA, USA aQd PXQWa HLSyOLWR, BCS, Me[LcR (EdZaUdV aQd EVWeV, 2006). M.

S\UifeUa fRUeVWV aUe KLgKO\ d\QaPLc V\VWePV; SRSXOaWLRQ cROOaSVe aQd VXbVeTXeQW UecRYeU\

KaSSeQ UeSeaWedO\ aW YaU\LQg VcaOeV (Da\WRQ aQd TegQeU, 1984), KRZeYeU, cOLPaWe cKaQge,

eVSecLaOO\ PaULQe KeaWZaYeV, aQd RWKeU aQWKURSRgeQLc VWUeVVRUV aUe SXWWLQg VWUeVV RQ WKe

abLOLW\ Rf WKeVe V\VWePV WR UecRYeU afWeU dLVWXUbaQceV (SPaOe eW aO., 2019; SWeQecN eW aO.,

2002). AV a cOeaU e[aPSOe, (BeaV-LXQa eW aO., 2020) eVWLPaWed WKe VRXWKeUQ edge Rf M.
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S\UifeUa'V dLVWULbXWLRQ LQ WKe QRUWKeaVWeUQ PacLfLc LV PRYLQg SROeZaUd aW a UaWe Rf 1.6 NP SeU

\eaU baVed RQ WKe OaVW WeQ \eaUV.

IQYaVLYe PacURaOgae

AddLWLRQaO WR cOLPaWe cKaQge UeOaWed VWUeVVRUV, VRPe NeOS fRUeVWV LQ WKe QRUWKeaVWeUQ

PacLfLc QRZ KRVW SRSXOaWLRQV Rf SaUgaVVXm mXWicXm (YeQdR) FeQVKROW, 1955 (FXcaOeV),

SaUgaVVXm hRUneUi (TXUQeU) C. AgaUdK, 1820 (FXcaOeV) aQd UndaUia SinnaWifida (HaUYe\)

SXULQgaU, 1873 (LaPLQaULaOeV), aOO QRQ-QaWLYe PacURaOgae ZLWK LQYaVLYe SRWeQWLaO.

SaUgaVVXm mXWicXm

SaUgaVVXm mXWicXm LV a PRQRecLRXV, SVeXdR SeUeQQLaO fXcRLd aOga QaWLYe WR

QRUWKeaVW AVLa (YeQdR, 1907). EacK \eaU, LQdLYLdXaOV dLe bacN WR WKeLU KROdfaVW, VeaVRQaOO\

UegURZLQg PXOWLSOe WKaOOL fURP a VLQgOe VWeP. MaLQ bUaQcKeV SURdXce PXOWLSOe OaWeUaO

bUaQcKeV ZLWK VPaOO OeafOLNe VWUXcWXUeV aQd VSKeULcaO aLU YeVLcOeV. WKeQ feUWLOe, S. mXWicXm

beaUV KeUPaSKURdLWLc UeceSWacOeV. GaPeWeV aUe e[SeOOed LQ SXOVeV, aQd feUWLOL]ed eggV

UePaLQ aWWacKed fRU VeYeUaO da\V XQWLO SURSagXOeV aUe UeOeaVed aV geUPOLQgV ZLWK a

deYeORSLQg UKL]RLd (De\VKeU aQd NRUWRQ, 1981).

TKLV aOga LV cRQVLdeUed LQYaVLYe LQ PaQ\ SOaceV aURXQd WKe ZRUOd, aQd cXUUeQWO\

e[KLbLWV a cLUcXPgORbaO dLVWULbXWLRQ, ZLWK eVWabOLVKed QRQ QaWLYe SRSXOaWLRQV RQ WKe PacLfLc

cRaVW Rf NRUWK APeULca aQd PXcK Rf WKe NRUWK EaVWeUQ AWOaQWLc (aV UeYLeZed LQ EQgeOeQ eW

aO., 2015). TKe cRORQL]aWLRQ Rf WKe QRUWKeaVWeUQ PacLfLc b\ S. mXWicXm SUedaWeV WKe

aSSeaUaQce Rf S. hRUneUi aQd U. SinnaWifida b\ VeYeUaO decadeV. FLUVW LQWURdXced LQ BULWLVK

CROXPbLa LQ WKe 1940V, OLNeO\ LQ aVVRcLaWLRQ ZLWK R\VWeU cXOWXUeV (CKeaQg eW aO., 2010;



LLL

ScageO, 1956), WKLV aOga UaSLdO\ e[SaQded LWV UaQge VRXWKZaUd, aUULYLQg LQ BaMa CaOLfRUQLa LQ

WKe eaUO\ 1970V, BaKta TRUWXgaV b\ 1988, aQd GXadaOXSe LVOaQd LQ BCS b\ 1993

(AgXLOaU-RRVaV aQd AgXLOaU-RRVaV, 1993, 1985; EVSLQR]a, 1990; NLeQKXLV, 1982).

SaUgaVVXm mXWicXm KaV beeQ SUeVeQW RQ IVOaV TRdRV SaQWRV (BaMa CaOLfRUQLa) VLQce

aW OeaVW 1984 (AgXLOaU-RRVaV aQd AgXLOaU-RRVaV, 1985). AW ITS WKe VSecLeV YeUWLcaO UaQge

VSaQV fURP LQWeUWLdaO KabLWaWV WR a Pa[LPXP deSWK Rf 20 P (AgXLOaU-RRVaV eW aO., 1990).

SLQce LWV LQWURdXcWLRQ, LW KaV becRPe a cRQVSLcXRXV aQd abXQdaQW SaUW Rf LQWeUWLdaO aQd

VKaOORZ VXbWLdaO cRPPXQLWLeV.

TKe cLUcXPgORbaO VXcceVV Rf S. mXWicXm aV aQ LQYaVLYe PacURaOga LV aWWULbXWed

OaUgeO\ WR cKaUacWeULVWLcV WKaW PaNe LW RSSRUWXQLVWLc. AOWKRXgK LW UeTXLUeV cOeaU URcN\

VXbVWUaWe WR gURZ, VPaOO SRSXOaWLRQV e[SaQd TXLcNO\ RQce eVWabOLVKed, Ve[XaOO\ UeSURdXcLQg

WR SURdXce geUPOLQgV. OYeU ORQg dLVWaQceV, fORaWLQg YegeWaWLYe bUaQcKeV dRQ'W deca\ LQ WKe

ZaWeU cROXPQ, aQd becaXVe WKe\ caQ VeOf feUWLOL]e, WKe\ aUe OLNeO\ WKe cRQdXLWV fRU WKe

e[SaQVLRQ Rf S. mXWicXm beWZeeQ faUaZa\ SRLQWV (De\VKeU aQd NRUWRQ, 1981). EaUO\ RQ LQ

WKe KLVWRU\ Rf LWV aSSeaUaQce LQ WKe QRUWKeaVWeUQ PacLfLc S. mXWicXm ZaV dePRQVWUaWed WR be

caSabOe Rf PRdLf\LQg PacURaOgaO aVVePbOageV ZLWK YaU\LQg degUeeV Rf LPSacW. FRU

e[aPSOe, afWeU WKe dLVaSSeaUaQce Rf M. S\UifeUa LQ PaQ\ SaUWV Rf WKe CaOLfRUQLaV dXULQg WKe

1976 EO NLxR eYeQW, S. mXWicXm WRRN RYeU LQ aUeaV, aSSaUeQWO\ LQKLbLWLQg UecUXLWPeQW Rf M.

S\UifeUa (APbURVe aQd NeOVRQ, 1982). TKLV ZaV aOVR RbVeUYed LQ CaWaOLQa IVOaQd afWeU WKe

1982-1984 EO NLxR (ScKLeO aQd FRVWeU, 2019), KRZeYeU, M. S\UifeUa eYeQWXaOO\ UecRYeUed LQ

bRWK caVeV, ZLWK S. mXWicXm PaLQWaLQLQg SUeVeQce LQ RSeQ aUeaV ZLWK a PXcK ORZeU deQVLW\
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(ScKLeO aQd FRVWeU, 2019).  MRUe UeceQWO\, dXe WR LWV ORQg KLVWRU\ LQ WKe aUea, S. mXWicXm LV

VRPeWLPeV deVcULbed aV a QaWXUaOL]ed aOga, aOUead\ fXOO\ "eTXLOLbUaWed" aQd eVWabOLVKed LQWR

WKeVe ecRV\VWePV (KaSOaQLV eW aO., 2016; MLOOeU aQd EQgOe, 2009). IQdeed LQ WKe NRUWK cRaVW

Rf SSaLQ, ZKeUe S. mXWicXm KaV aOVR beeQ SUeVeQW VLQce WKe 1980V, (FeUQiQde], 2020)

deVcULbed a bRRP-bXVW c\cOe RYeU a SeULRd Rf VeYeQWeeQ \eaUV, ZLWK PRdeUaWe effecWV RQ

PacURaOgaO aVVePbOageV dXULQg WKe e[SaQVLRQ SeULRd, aQd PLQLPaO effecWV afWeUZaUd. MRVW

VWURQg QegaWLYe effecWV Rf S. mXWicXm RQ QaWLYe aOgae KaYe beeQ UecRUded LQ LQWeUWLdaO ]RQeV,

ZKLOe LW aSSeaUV WKaW VXbWLdaO effecWV, eVSecLaOO\ ZKeQ a WKLcN VXUface caQRS\ LV SUeVeQW, aUe

ZeaNeU (ScKLeO aQd FRVWeU, 2019).

SaUgaVVXm hRUneUi

SaUgaVVXm hRUneUi (TXUQeU) C. AgaUdK (RULgLQaOO\ LdeQWLfLed aV S. filicinXm) LV

QaWLYe WR ZaUPeU SaUWV Rf KRUea aQd JaSaQ (Lee aQd YRR, 1992; TVeQg eW aO., 1985; YRVKLda,

1983). ReceQW PROecXOaU VWXdLeV PeUged SaUgaVVXm filicinXm, ZKLcK LV PRQRecLRXV, ZLWK

SaUgaVVXm hRUneUi, a dLecLRXV VSecLeV ZLWK a ZLdeU VSUead LQ eaVWeUQ AVLa (TVeQg eW aO.,

1985; UZaL eW aO., 2009). AV VXcK, I UefeU WR RXU ORcaO LQYaVLYe SRSXOaWLRQ aV S. hRUneUi.

S. hRUneUi LQ WKe QRUWKeaVWeUQ PacLfLc LV a PRQRecLRXV fXcRLd ZLWK a dLSORQWLc OLfe

c\cOe VLPLOaU WR WKaW Rf S. mXWicXm. HRZeYeU, ZKLOe S.mXWicXm LV SVeXdR SeUeQQLaO, S.

hRUneUi LV aQQXaO. IQdLYLdXaOV VWaUW aV ePbU\RV, ZKLcK deYeORS LQWR feUQ-OLNe aOgaV ZLWK a

cRPPRQ KROdfaVW. A VLQgOe eUecW fURQd WKeQ gURZV XS WR VeYeUaO PeWeUV LQ OeQgWK, beaULQg

PaQ\ YegeWaWLYe bOadeV ZLWK eOOLSVRLd gaV bOaddeUV (MaUNV eW aO., 2015; YRVKLda, 1983).

ReSURdXcWLYe UeceSWacOeV fRUP, feUWLOL]aWLRQ RccXUV ZKeQ VSeUP SeQeWUaWeV WKe eggV LQ WKe
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cRQceSWacOeV RQ WKe VXUface Rf WKe UeceSWacOeV, afWeU ZKLcK ePbU\RV aUe UeOeaVed aQd VeWWOe

WR WKe beQWKRV. AfWeU UeSURdXcWLRQ, WKe SaUeQW SOaQW VeQeVceV.

WKLOe S. mXWicXm KaV a ORQg KLVWRU\ RXWVLde Rf LWV QaWLYe UaQge, S. hRUneUi LV a

UeOaWLYeO\ QeZ LQYaVLYe VSecLeV, aQd KaV RQO\ beeQ LQWURdXced WR WKe PacLfLc cRaVW Rf NRUWK

APeULca. FLUVW LdeQWLfLed aV SaUgaVVXm filicinXm (HaUYe\, 1860), WKe LQLWLaO LQWURdXced

SRSXOaWLRQ ZaV dLVcRYeUed LQ LRQg BeacK HaUbRU, CaOLfRUQLa, LQ 2003, e[SaQdLQg WR SaQWa

CaWaOLQa IVOaQd b\ 2006 (MLOOeU eW aO., 2007). SLQce WKeQ, LW KaV UaSLdO\ cRORQL]ed aUeaV Rf

WKe PacLfLc cRaVW Rf NRUWK APeULca, e[SaQdLQg faVWeU VRXWKZaUdV WKaQ QRUWKZaUdV, SRVVLbO\

dXe WR facLOLWaWLRQ b\ cXUUeQWV, bXW aOVR VXggeVWLQg LW Pa\ be beWWeU VXLWed fRU ZaUPeU

cRQdLWLRQV (MaUNV eW aO., 2015). IQ 2005, dULfWLQg S. hRUneUi LQdLYLdXaOV ZeUe fRXQd LQ

TRdRV SaQWRV Ba\, aQd ZeOO-eVWabOLVKed SRSXOaWLRQV ZeUe fRXQd b\ 2006 (AgXLOaU-RRVaV eW

aO., 2007).  B\ 2009, S. hRUneUi Kad VSUead aV faU VRXWK aV IVOa NaWLYLdad, BCS

(RLRVPeQa-RRdUtgXe] eW aO., 2012). B\ 2013 LWV QRUWKeUQ dLVWULbXWLRQaO OLPLW UeacKed SaQWa

BaUbaUa, CA (MaUNV eW aO., 2015). IQ LWV LQWURdXced UaQge, S. hRUneUi KaV beeQ RbVeUYed

fURP WKe LQWeUWLdaO WR a deSWK Rf 30 P LQ SRXWKeUQ CaOLfRUQLa aQd aW OeaVW 8 P LQ BaMa

CaOLfRUQLa, ZLWK SeaN deQVLW\ aW aURXQd 5-10 P (MaUNV eW aO., 2018; RLRVPeQa-RRdUtgXe] eW

aO., 2012).

TKe LQLWLaO PRde Rf LQWURdXcWLRQ Rf S. hRUneUi LV WKRXgKW WR be a cRQVeTXeQce Rf

PaULWLPe WUade RU RWKeU YeVVeO-UeOaWed acWLYLWLeV, eLWKeU b\ KXOO fRXOLQg RU baOOaVW ZaWeU

WUaQVSRUW. IWV SUeVeQce LQ PaQ\ PaULQaV aQd RWKeU KeaYLO\ fUeTXeQWed aUeaV VXggeVW

UecUeaWLRQaO bRaWLQg Pa\ be WKe caXVe Rf VecRQdaU\ LQWURdXcWLRQV (MaUNV eW aO., 2015;
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MLOOeU aQd EQgOe, 2009).  AV ZLWK S. mXWicXm, e[SaQVLRQ acURVV WKe NRUWKZeVW PacLfLc KaV

beeQ dULYeQ b\ a cRPbLQaWLRQ Rf SUROLfLc Ve[XaO UeSURdXcWLRQ aW WKe ORcaO OeYeO aQd WKe

caSacLW\ Rf fORaWLQg LQdLYLdXaOV WR becRPe UeSURdXcWLYe aQd Veed dRZQcXUUeQW aUeaV aW

OaUgeU VSaWLaO VcaOeV (MaUNV eW aO., 2018, 2015; MLOOeU aQd EQgOe, 2009).

BeVLdeV beLQg e[ceSWLRQaOO\ ZeOO-VXLWed fRU ORQg-dLVWaQce dLVSeUVaO aQd

cRORQL]aWLRQ, S. hRUneUi SRVVeVVeV PaQ\ Rf WKe RWKeU WUaLWV WKaW KaYe Pade S. mXWicXm a

VXcceVVfXO LQYaVLYe VSecLeV: IW LV UaSLd-gURZLQg, KLgKO\ fecXQd, aQd caSabOe Rf VeOf

feUWLOL]LQg (MaUNV eW aO., 2015). IW KaV aOVR beeQ VXbMecW WR cRQVLdeUabOe aWWeQWLRQ becaXVe Rf

LWV UaSLd e[SaQVLRQ (KaSOaQLV eW aO., 2016; MaUNV eW aO., 2015). IW WRRN 14 \eaUV fRU S.

mXWicXm WR e[SaQd LWV UaQge beWZeeQ EQVeQada, BC aQd IVOa NaWLYLdad, BCS. IQ

cRPSaULVRQ, S. hRUneUi aSSeaUed aW IVOa NaWLYLdad MXVW 4 \eaUV afWeU aSSeaULQg fRU WKe fLUVW

WLPe LQ EQVeQada (RLRVPeQa-RRdUtgXe] eW aO., 2012). HRZeYeU, ZKLOe S. mXWicXm¶V UaQge

eYeQWXaOO\ UeacKed aV faU VRXWK aV PXQWa abUeRMRV (AgXLOaU-RRVaV aQd AgXLOaU-RRVaV, 1985),

aV Rf 2020 S. hRUneUi VWLOO KaV QRW beeQ UecRUded VRXWK Rf IVOa NaWLYLdad.

TKe bLRPaVV Rf S. hRUneUi aSSeaUV WR be VWURQgO\ VeaVRQaO LQ SRXWKeUQ CaOLfRUQLa:

JXYeQLOeV aUe PRVW SUeYaOeQW LQ WKe VXPPeU, SOaQWV gURZ UaSLdO\ dXULQg WKe ZLQWeU aQd SeaN

LQ bLRPaVV, WKeQ UeSURdXce aQd VXbVeTXeQWO\ VeQeVceQce LQ VSULQg (MaUNV eW aO., 2018). IWV

dRPLQaQce KRZeYeU, LV UaWKeU SaWcK\: ZKLOe LQ VRPe aUeaV LW KaV becRPe YeU\ deQVe, LW

UePaLQV UaUe LQ RWKeUV (CaVeOOe eW aO., 2018; MaUNV eW aO., 2015). A VWXd\ Rf WZR LQWeUWLdaO

SRSXOaWLRQV LQ TRdRV SaQWRV Ba\, BaMa CaOLfRUQLa, addV aQ LQWeUeVWLQg cRQVLdeUaWLRQ: ZKLOe a

VLWe ZLWK PRUe VROLd VXbVWUaWe bXW KLgK S. hRUneUi deQVLW\ aQd bLRPaVV VKRZed RQO\
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PaUgLQaO LPSacWV RQ RWKeU aOgaO VSecLeV, a VLWe ZLWK cRbbOe VXbVWUaWe aQd PXcK ORZeU S.

hRUneUi deQVLW\ aQd bLRPaVV dLd VKRZ aQ LPSacW RQ WKe QaWLYe PacURaOgaO aVVePbOage

(CUX]-TUeMR eW aO., 2015).

UndaUia SinnaWifida

UndaUia SinnaWifida (HaUYe\) SXULQgaU LV QaWLYe WR VRXWKeaVWeUQ RXVVLa, JaSaQ,

NRUWKeUQ CKLQa aQd KRUea. LLNe M. S\UifeUa, U. SinnaWifida LV a bURZQ aOga Rf WKe RUdeU

OaPLQaULaOeV. IWV OLfe c\cOe cRQVLVWV Rf a KeWeURPRUSKLc aOWeUQaWLRQ Rf geQeUaWLRQV beWZeeQ

PLcURVcRSLc KaSORLd gaPeWRSK\WeV aQd PacURVcRSLc dLSORLd VSRURSK\WeV. AQ U. SinnaWifida

"LQdLYLdXaO" RU "SOaQW" LQ WKe cRQWe[W Rf WKLV UeVeaUcK UefeUV WR a PacURVcRSLc VSRURSK\We Rf

WKLV VSecLeV. U. SinnaWifida VSRURSK\WeV cRQVLVW Rf a VLQgOe fURQd, cRPSULVLQg a KROdfaVW,

VWLSe RU VWeP, aQd bOade.

UQOLNe M. S\UifeUa VSRURSK\WeV, U. SinnaWifida LV aQQXaO, aQd VSRURSK\WeV UaSLdO\

VeQeVce afWeU UeSURdXcWLRQ. IQ LWV QaWLYe UaQge, U. SinnaWifida LV a ZLQWeU aQQXaO, WKe

SUeVeQce Rf VSRURSK\WeV LV W\SLcaOO\ UedXced LQ WKe VXPPeU b\ KLgK ZaWeU WePSeUaWXUeV

(SaLWR, 1975). HRZeYeU, WKe PRUSKRORgLcaO SOaVWLcLW\ Rf LWV VSRURSK\WeV eQabOeV LW WR WROeUaWe

a ZLde YaULeW\ Rf eQYLURQPeQWaO cRQdLWLRQV (JaPeV, 2017). IQ LWV LQWURdXced UaQge, Lf

cRQdLWLRQV aUe VXLWabOe, VRPe SRSXOaWLRQV UecUXLW PXOWLSOe WLPeV a \eaU, ZKLcK aOORZV WKeP

WR PaLQWaLQ a \eaU-URXQd SUeVeQce (CaVWULc-Fe\ eW aO., 1999; JaPeV eW aO., 2015). TKLV LV

PRUe OLNeO\ WR RccXU aW WePSeUaWXUeV beORZ 15 �C (TKRUQbeU eW aO., 2004). AOVR cRQWULbXWLQg

WR LWV VXcceVV aV aQ LQWURdXced VSecLeV, U. SinnaWifida gaPeWRSK\WeV caQ UePaLQ dRUPaQW fRU
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\eaUV XQWLO VXLWabOe cRQdLWLRQV RccXU (JaPeV, 2017; TKRUQbeU eW aO., 2004), PaNLQg LW QeaUO\

LPSRVVLbOe fRU aQ eVWabOLVKed SRSXOaWLRQ WR be eUadLcaWed.

TKe gORbaO KLVWRU\ Rf LQYaVLRQ Rf U. SinnaWifida LV QRW aV ORQg aV WKaW Rf S. mXWicXm;

WKe fLUVW eVWabOLVKed SRSXOaWLRQ RXWVLde Rf LWV UaQge ZaV deWecWed LQ WKe 70V (BRXdRXUeVTXe

eW aO., 1985), \eW LW LV aOVR cLUcXPgRbaOO\ LQWURdXced. TKLV VSecLeV KaV a feZ RWKeU

dLVWLQcWLRQV: RQe, LWV VWaWXV aV LQYaVLYe UaWKeU WKaQ QRQ-QaWLYe LV VWLOO debaWed, VLQce LWV

effecWV RQ ecRV\VWePV aUe YaULed, aQd VRPe SRSXOaWLRQV aSSeaU WR KaYe aQ addLWLYe UaWKeU

WKaQ VXbVWLWXWLYe effecW RQ ORcaO VSecLeV (JaPeV, 2017; RaffR eW aO., 2009; ScKaffeONe eW aO.,

2005; SRXWK eW aO., 2017),  aQd WZR, LW LV ZLdeO\ cXOWLYaWed aV a YaOXabOe UeVRXUce, ZLWK

VeYeUaO SRSXOaWLRQV LQWURdXced SXUSRVefXOO\ fRU ecRQRPLc SXUSRVeV. BecaXVe Rf WKeVe

PXOWLSOe YecWRUV Rf LQWURdXcWLRQ, SRSXOaWLRQV ZRUOdZLde KaYe a KLgK geQeWLc dLYeUVLW\

(VRLVLQ eW aO., 2005). TR daWe, aQd e[cOXdLQg WKe QRUWKeaVWeUQ PacLfLc, LW LV SUeVeQW RXWVLde LWV

QaWLYe UaQge LQ WKe MedLWeUUaQeaQ Sea, EQgOaQd, AWOaQWLc EXURSe, NeZ ZeaOaQd, TaVPaQLa,

AXVWUaOLa, aQd AUgeQWLQa (AgXLOaU-RRVaV eW aO., 2004; JaPeV eW aO., 2015; SLOYa eW aO., 2002).

HRZeYeU, LW LV PRVW cRPPRQ aV aQ LQWURdXced VSecLeV LQ PaULQaV aQd RWKeU KXPaQ-Pade

VWUXcWXUeV. IWV RccXUUeQce aV SaUW Rf WKe XQdeUVWRU\ LQ gLaQW NeOS fRUeVWV LV PRUe OLPLWed,

cXUUeQWO\ RQO\ dRcXPeQWed LQ AXVWUaOLa, NeZ ZeaOaQd aQd SaQWa CaWaOLQa IVOaQd, LQ addLWLRQ

WR WKLV VWXd\'V VLWe.
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IQ WKe QRUWKeaVW PacLfLc, U. SinnaWifida ZaV fLUVW deWecWed LQ MaUcK 2000 LQ LRV

AQgeOeV HaUbRU (SLOYa eW aO., 2002). AOWKRXgK VXbVeTXeQWO\ addLWLRQaO VSecLPeQV ZeUe

UeSRUWed LQ SLeUV aQd VKaOORZ ZaWeU aV faU aV MRQWeUe\ ba\, WKe fLUVW eVWabOLVKed SRSXOaWLRQ

LQ a NeOS fRUeVW ZaV eQcRXQWeUed aQd deVcULbed LQ 2001 LQ SaQWa CaWaOLQa IVOaQd, CA (MLOOeU

eW aO., 2007). IQ WKe PacLfLc cRaVW Rf Me[LcR, U. SinnaWifida ZaV fLUVW UeSRUWed aW IVOaV TRdRV

SaQWRV LQ SeSWePbeU 2003, ZKeUe LW QRZ RccXUV ZLWK a dLVWULbXWLRQ WKaW VSaQV fURP WKe

LQWeUWLdaO WR 40P deSWK (AgXLOaU-RRVaV eW aO., 2014, 2004). TKe LQWURdXcWLRQ Rf U.

SinnaWifida WR IVOaV TRdRV SaQWRV dLffeUV fURP WKRVe Rf bRWK SaUgaVVXm VSecLeV LQ RQe

LPSRUWaQW Za\: IW Pa\ KaYe beeQ LQWeQWLRQaO. WKLOe bRWK SaUgaVVXm VSecLeV aSSeaUed LQ WKe

Me[LcaQ PacLfLc aV a UeVXOW Rf WKeLU e[SaQVLRQ fURP SRLQWV Rf accLdeQWaO LQWURdXcWLRQ fXUWKeU

NRUWK, AgXLOaU-RRVaV eW aO., (2014) VXggeVWV WKaW U. SinnaWifida Pa\ KaYe beeQ LQWURdXced

deOLbeUaWeO\ LQWR ITS aV feed fRU abaORQe faUPLQg. AOWKRXgK LQWeQded WR be cRQfLQed WR ITS

dXe WR LWV OacN Rf fORaWLQg VWUXcWXUeV, WKe cXUUeQW dLVWULbXWLRQ fRU WKe VSecLeV VSaQV VeYeUaO

RWKeU SRLQWV LQ TRdRV SaQWRV ba\, QRWabO\ LQcOXdLQg WKe LQWeUWLdaO ]RQe adMaceQW WR WKe

cORVeVW PaULQa WR WKe LVOaQdV (AgXLOaU-RRVaV eW aO., 2014).

Appendix B: Methods

B1: Data collection

TR aVVeVV WKe PacURaOgaO cRPPXQLW\ VWUXcWXUe aQd SKeQRORg\ Rf WKe PacURaOgae, WKe

fROORZLQg SaUaPeWeUV ZeUe TXaQWLfLed:
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SSecLeV deQVLW\ aQd VL]e VWUXcWXUe

AOO caQRS\-fRUPLQg PacURaOgae SUeVeQW ZLWKLQ 1 PeWeU Rf eacK VLde Rf a WUaQVecW

ZeUe cRXQWed, fRU a WRWaO aUea Rf 60 P2 SeU WUaQVecW, ZLWK VSecLaO aWWeQWLRQ WR MacURc\VWiV

S\UifeUa aQd UndaUia SinnaWifida (TabOe B1.1). FRU bRWK SaUgaVVXm mXWicXm aQd S.

hRUneUi, KLgKO\ abXQdaQW VSecLeV, TXadUaWV ZeUe XVed WR cRXQW a VXbVeW Rf RUgaQLVPV. FRU

PRVW VaPSOLQg daWeV, TXadUaWV PeaVXULQg 1 P2 ZeUe deSOR\ed eYeU\ 5 P ZLWKLQ eacK

WUaQVecW, aOWeUQaWLQg VLdeV, aQd aOO LQdLYLdXaOV Rf bRWK SaUgaVVXm VSecLeV cRQWaLQed ZLWKLQ

WKe TXadUaWV ZeUe cRXQWed, fRU a WRWaO Rf 6 TXadUaQWV SeU WUaQVecW, RU 6 P2 VXUYe\ed. OQ

e[ceSWLRQaO daWeV, bRWK SaUgaVVXm VSecLeV ZeUe VXUYe\ed LQ YaULabOe aUeaV dXe WR ORZeU

deQVLWLeV RU fLeOd cRQVWUaLQWV (TabOe B1.2).

SL]e VWUXcWXUe ZaV aOVR RbWaLQed fRU WKe fRXU VSecLeV fURP WKe LQdLYLdXaOV cRXQWed.

FRU M. S\UifeUa VSRURSK\WeV, LQdLYLdXaOV OeVV WKaQ 1 P LQ KeLgKW ZeUe PeaVXUed, ZKLOe WKe

QXPbeU Rf fURQdV 1 PeWeU abRYe WKe KROdfaVW ZaV UecRUded fRU OaUgeU LQdLYLdXaOV. FRU U.

SinnaWifida VSRURSK\WeV, deQVLW\ gUeZ WRR KLgK WR aOORZ fRU fXOO PeaVXUePeQW aQd

UeSURdXcWLYe VWaWXV eYaOXaWLRQ Rf aOO LQdLYLdXaOV beWZeeQ JXQe aQd SeSWePbeU 2020. WKeQ

WKe abXQdaQce SeU WUaQVecW ZaV KLgKeU WKaQ a50 LQdLYLdXaOV, RQO\ WKe fLUVW WeQ LQdLYLdXaOV

eYeU\ 10 P ZeUe PeaVXUed (fRU a WRWaO Rf a30 PeaVXUePeQWV SeU WUaQVecW). FRU bRWK

SaUgaVVXm VSecLeV, aOO LQdLYLdXaOV SeU aUea VXUYe\ed >10 cP ZeUe PeaVXUed, ZLWK

LQdLYLdXaOV VPaOOeU WKaQ 10 cP cRXQWed aQd cOaVVLfLed aV UecUXLWV.
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PKeQRORg\

TR NeeS WeUPV cRPSaUabOe, aOO PeaVXUed LQdLYLdXaOV Rf WKe fRXU aOgae ZeUe

cOaVVLfLed LQWR UecUXLW, MXYeQLOe, adXOW, UeSURdXcWLYe adXOW, aQd VeQeVceQW OLfe VWageV. FRU M.

S\UifeUa VSRURSK\WeV aQd bRWK SaUgaVVXm VSecLeV, UecUXLWV, MXYeQLOeV, aQd adXOWV ZeUe

cOaVVLfLed baVed RQ VL]e. ReSURdXcWLYe adXOWV ZeUe cOaVVLfLed RQ WKe baVLV Rf SUeVeQce Rf

UeSURdXcWLYe VWUXcWXUeV, aQd VeQeVceQW LQdLYLdXaOV ZeUe cOaVVLfLed aV SRVW-UeSURdXcWLYe

adXOWV ZLWK e[WeQVLYe WLVVXe daPage.  FRU U. SinnaWifida VSRURSK\WeV, UecUXLWV ZeUe

cOaVVLfLed baVed RQ VL]e, ZKLOe MXYeQLOeV, adXOWV, aQd UeSURdXcWLYe adXOWV ZeUe cOaVVLfLed

baVed RQ WKe SUeVeQce aQd degUee Rf PaWXULW\ Rf WKe VSRURSK\OO (MLOOeU aQd EQgOe, 2009).

AV abRYe, VeQeVceQW LQdLYLdXaOV ZeUe LdeQWLfLed aV SRVW-UeSURdXcWLYe adXOWV ZLWK e[WeQVLYe

WLVVXe daPage. TabOe B1.3 deWaLOV WKe VSecLfLc cKaUacWeULVWLcV SeU VSecLeV XVed fRU WKLV

caWegRUL]aWLRQ.

PK\VLcaO SaUaPeWeUV

FRXU ONSET HOBO PeQdaQW TePSeUaWXUe/LLgKW DaWa LRggeUV ZeUe PaLQWaLQed aW

WKe VLWe fRU WKe dXUaWLRQ Rf WKe e[SeULPeQW. EacK VXbVLWe Kad WZR ORggeUV affL[ed WR

VWUXcWXUeV aW WKe Vea fORRU, QeaU WKe VWaUW Rf WKe VePL-SeUPaQeQW WUaQVecWV. LRggeUV ZeUe

LQLWLaOO\ deSOR\ed LQ JaQXaU\ 2020 aQd VZaSSed aSSUR[LPaWeO\ eYeU\ WZR PRQWKV fRU WKe

UeVW Rf WKe \eaU. AOO ORggeUV ZeUe VeW WR UecRUd WePSeUaWXUe (�C) aQd OLgKW (OX[)

PeaVXUePeQWV eYeU\ 5 PLQXWeV.
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TabOe B1.1:  SaPSOLQg fRU WKe \eaU 2020, ZLWK OegeQd deWaLOLQg aQ\ deYLaWLRQ fURP VWaQdaUd
VaPSOLQg. SaPSOLQg LQ TXadUaWV LV XQdeUOLQed.

2020 MacURc\VWiV S\UifeUa SaUgaVVXm mXWicXm SaUgaVVXm hRUneUi UndaUia SinnaWifida
WLQWeU

JaQ 24 䘟 䘟 䘟 䘟

Feb 29 䘟 *** *** 䘟

SSULQg
MaU 21 䘟 * * 䘟

Ma\ 28 䘟 * * X
SXPPeU

JXQ 20 䘟 ** ** 䘟

JXO 10 䘟 * * 䘟*
JXO 24 䘟 䘟 䘟 䘟*
AXg 8 䘟 ** ** 䘟*

FaOO
SeS 4 䘟 䘟 䘟 䘟*
SeS 18 䘟 䘟 䘟 䘟*
OcW 8 䘟 䘟 䘟 䘟

NRY 6 䘟 䘟 䘟 -
WLQWeU

Dec 12 䘟 䘟 䘟 -
TUaQVecWV:
䘟     VWaQdaUd VaPSOLQg
䘟*  VXbVeW PeaVXUed aQd cOaVVLfLed
-      ]eUR LQdLYLdXaOV UecRUded
X QR VL]e RU cOaVVLfLcaWLRQ daWa UecRUded
QXadUaWV:
䘟 fXOO TXadUaWV (VWaQdaUd VaPSOLQg)
* KaOf TXadUaWV
** PL[ed TXadUaWV: OaUgeU WRWaO aUea WKaQ KaOf TXadUaWV
*** PL[ed TXadUaWV: VPaOOeU WRWaO aUea WKaQ KaOf TXadUaWV
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TabOe B1.2. PaUaPeWeUV defLQLQg SKeQRORg\ fRU fRXU VSecLeV Rf PacURaOgae
RecUXLW JXYeQLOe AdXOW ReSURdXcWLYe adXOW SeQeVceQW

MacURc\VWiV
S\UifeUa � 20 cP 20-100 cP > 100 cP

PUeVeQce Rf
VSRURSK\OO OaPLQae
(UegaUdOeVV Rf
PaWXULW\)

PRVW-UeSURdXcWLYe,
e[WeQVLYe WLVVXe
daPage

SaUgaVVXm
mXWicXm � 5 cP 6-20 cP > 20 cP

PUeVeQce Rf
UeceSWacOeV
(UegaUdOeVV Rf
PaWXULW\)

EYLdeQce Rf
deca\LQg
UeceSWacOeV aQd
e[WeQVLYe WLVVXe
daPage

SaUgaVVXm
hRUneUi � 5 cP 6-20 cP > 20 cP

PUeVeQce Rf
UeceSWacOeV
(UegaUdOeVV Rf
PaWXULW\)

EYLdeQce Rf
deca\LQg
UeceSWacOeV aQd
e[WeQVLYe WLVVXe
daPage

UndaUia
SinnaWifida

<20 cP, QR
ORbeV RU
WUace Rf a
VSRURSK\OO

BOade ZLWK
PLdULb bXW QR
VSRURSK\OO aW
aOO

PaUWLaOO\
fRUPed
VSRURSK\OO

SSRURSK\OO SUeVeQW
aOO aURXQd WKe
WKaOOXV

Deca\LQg
VSRURSK\OO, QRQ
e[LVWeQW bOade

B2: Data post-processing-Densit\

MacURc\VWiV S\UifeUa

MacURc\VWiV S\UifeUa deQVLW\ SeUPLWWed fXOO WUaQVecW aVVeVVPeQWV. We eYaOXaWed M.

S\UifeUa deQVLW\ LQ QXPbeU Rf fURQdV, UaWKeU WKaQ QXPbeU Rf LQdLYLdXaO VSRURSK\WeV, aV LW LV

a beWWeU PeWULc fRU a \RXQg M. S\UifeUa VWaQd VXcK aV WKLV RQe. FRU VWaWLVWLcaO aQaO\VeV, Ze

caOcXOaWed deQVLW\ (LQ fURQdV P-2 ) SeU WUaQVecW aV RXU baVe XQLW.

SaUgaVVXm mXWicXm/SaUgaVVXm hRUneUi
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AV SUeYLRXVO\ deVcULbed, SaUgaVVXm mXWicXm aQd S. hRUneUi ZeUe OaUgeO\ TXaQWLfLed

XVLQg TXadUaWV. IQ aOO caVeV, WKe WRWaO aUea VXUYe\ed SeU WUaQVecW ZaV XVed WR caOcXOaWe

deQVLW\ (LQ LQdLYLdXaOV P-2 ) SeU WUaQVecW aV RXU baVe XQLW.

UndaUia SinnaWifida

UndaUia SinnaWifida ZaV cRXQWed LQ fXOO fRU eYeU\ WUaQVecW. FRU VWaWLVWLcaO aQaO\VeV,

Ze caOcXOaWed deQVLW\ SeU WUaQVecW (VSRURSK\WeV P-2 ) aQd XVed WKLV aV RXU baVe XQLW.

B3: Data post-processing-Biomass and phenolog\

MacURc\VWiV S\UifeUa

We caOcXOaWed MacURc\VWiV S\UifeUa bLRPaVV fROORZLQg WKe PeWKRd deVcULbed LQ

(Reed eW aO., 2008). IQ WKLV SaSeU, WKe fROORZLQg eTXaWLRQV ZeUe XVed WR caOcXOaWe WKe OeQgWK

Rf M. S\UifeUa fURQdV, XVLQg WKe QXPbeU Rf fURQdV 1 P abRYe WKe KROdfaVW (N1m), WKe QXPbeU

Rf fURQdV aW WKe VXUface (NVUfc), ZaWeU deSWK fURP WKe KROdfaVW WR WKe VXUface (D) aQd WKe

OeQgWK Rf WKe caQRS\ SRUWLRQ aW WKe ORQgeVW fURQd (MAX):

𝑠𝑢𝑏𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑙𝑒𝑛𝑔𝑡ℎ = (𝑁
1𝑚

− 𝑁
𝑠𝑟𝑓𝑐

ഊ 1 + 0. 5 𝐷 −(഍ (1)

𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑙𝑢𝑚𝑛 𝑙𝑒𝑛𝑔𝑡ℎ = (𝑁
𝑠𝑟𝑓𝑐

ഊ 𝐷( ഊ (2)

𝑐𝑎𝑛𝑜𝑝𝑦 𝑙𝑒𝑛𝑔𝑡ℎ = (𝑁
𝑠𝑟𝑓𝑐

ഊ(0. 5𝑀𝐴𝑋ഊ (3)

FRU aQaO\VeV SUeVeQWed KeUe, Ze aVVXPed fURQdV fRU aOO adXOW VSRURSK\WeV UeacKed

XQWLO MXVW beORZ WKe VXUface, WKeUefRUe aOO cRXQWed fURQdV ZeUe WUaQVfRUPed LQWR PeWeUV XVLQg

RQO\ eTXaWLRQ (1). TKLV aVVXPeV WKaW N1m=NVUfc, aQd D=6P, RXU PeaQ VLWe deSWK.
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We cRQYeUWed caOcXOaWed fURQd OeQgWK daWa WR bLRPaVV (ZeW g P-2) XVLQg WKe UaWLR Rf

ZeW PaVV WR fURQd OeQgWK gLYeQ LQ Reed eW aO. (2008) fRU VXbVXUface caQRS\ (0.117 Ng P-1),

ZKLcK Ze cRQYeUWed WR g P-2 WR PaWcK aOO RWKeU bLRPaVV daWa.

We aVVLgQed SKeQRORgLcaO caWegRULeV Rf M. S\UifeUa SeU LQdLYLdXaO VSRURSK\We,

fROORZLQg WKe UaWLRQaOe deWaLOed LQ TabOe B1.2. We dLdQ¶W UeTXLUe aQ\ e[WUaSROaWLRQ.

SaUgaVVXm mXWicXm/SaUgaVVXm hRUneUi

FRU SaUgaVVXm hRUneUi, Ze caOcXOaWed bLRPaVV fROORZLQg WKe VL]e-WR-daPS-bLRPaVV

UeOaWLRQVKLSV LQ (MaUNV eW aO., 2018):

RecUXLW: bLRPaVV(g) = 0.0179*VL]e(cP)1.7633 (1)

IPPaWXUe: bLRPaVV(g) = 0.0992*VL]e(cP)1.2711 (2)

FeUWLOe-XQULSe: bLRPaVV(g) = 0.0496*VL]e(cP)1.4817 (3)

FeUWLOe-ULSe: bLRPaVV(g) = 0.0147*VL]e(cP)1.7641 (4)

BecaXVe, XQOLNe RXU OeQgWK PeaVXUePeQWV, (MaUNV eW aO., 2018) PeaVXUed dLaPeWeU

aV WKe VL]e LQdLcaWRU fRU UecUXLWV WR deYeORS WKe abRYe ZULWWeQ eTXaWLRQV, Ze XVed WKe

UeOaWLRQVKLS gLYeQ fRU LPPaWXUe LQdLYLdXaOV (2) fRU RUgaQLVPV cOaVVLfLed aV UecUXLWV,

MXYeQLOeV, aQd adXOWV. FRU RUgaQLVPV cOaVVLfLed aV UeSURdXcWLYe adXOWV aQd VeQeVceQW Ze XVed

WKe UeOaWLRQVKLS fRU feUWLOe-XQULSe LQdLYLdXaOV (3).  AV WKe WZR VSecLeV aUe cORVeO\ UeOaWed aQd

aUe PRUSKRORgLcaOO\ VLPLOaU, Ze aSSOLed WKe VaPe cRQYeUVLRQ WR bRWK SaUgaVVXm hRUneUi

aQd S. mXWicXm.
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We aVVLgQed SKeQRORg\ caWegRULeV WR aOO SaUgaVVXm cRXQWed aQd PeaVXUed ZLWKLQ

WKe TXadUaWV. Be\RQd WKe deQVLW\ adMXVWPeQW, QR e[WUaSROaWLRQ ZaV UeTXLUed.

UndaUia SinnaWifida

FRU UndaUia SinnaWifida, deQVLW\ fRUbade PeaVXULQg aQd deVcULbLQg aOO SUeVeQW

VSRURSK\OOV. We e[WUaSROaWed U. SinnaWifida VL]eV aQd fUeTXeQc\ Rf eacK OLfe VWage fURP a

VXbVeW Rf PeaVXUed aQd deVcULbed LQdLYLdXaOV LQ eacK WUaQVecW. We aVVLgQed WKe SURSRUWLRQ

Rf eacK VL]e/UeSURdXcWLYe VWaWXV cRPbLQaWLRQ PeaVXUed WR WKe UeVW Rf WKe LQdLYLdXaOV cRXQWed

ZLWKLQ eacK WUaQVecW VecWLRQ. We URXQded SURSRUWLRQV WR cRUUeVSRQd WR fXOO LQdLYLdXaOV.

AddLWLRQaOO\, dXULQg WUaQVecWV cRQdXcWed RQ Ma\ 24, 2020, U. SinnaWifida LQdLYLdXaOV ZeUe

cRXQWed, bXW QR addLWLRQaO OLfe VWage LQfRUPaWLRQ ZaV WaNeQ. FRU SKeQRORg\ eVWLPaWeV, WKeVe

LQdLYLdXaOV ZeUe aOO caWegRUL]ed aV "UQUecRUded", aQd fRU VL]e eVWLPaWeV, WKLV daWa SRLQW ZaV

OLQeaUO\ LQWeUSROaWed WR WKe QeaUeVW 5 cP aSSUR[LPaWLRQ Rf WKe aYeUage VL]e Rf aOO LQdLYLdXaOV

UecRUded LQ WKe WZR adMaceQW WLPeSRLQWV (Q=549, aYeUage VL]e = 37.7�32.9 cP, LQWeUSROaWed

VL]e=40 cP).

We deULYed a VL]e WR bLRPaVV UeOaWLRQVKLS fURP WKe PeaVXUePeQWV aQd daPS ZeLgKW

Rf 80 U. SinnaWifida LQdLYLdXaOV cROOecWed LQ ASULO 2021 LQ WKe Ba\ Rf EQVeQada. AOWKRXgK

Ze LQLWLaOO\ aWWePSWed WR fLW WKe daWa accRUdLQg WR SKeQRORgLcaO caWegRULeV, WKe beVW

ZeLgKW:OeQgWK UeOaWLRQVKLS fLW ZaV acKLeYed ZLWK a VLQgOe SRZeU fXQcWLRQ deULYed fURP aOO

LQdLYLdXaOV cROOecWed (R2=0.67) Rf WKe fROORZLQg fRUP:

BLRPaVV(g) = 0.0036*VL]e(cP)2.4821
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B4: Data post-processing-Temperature

AOWKRXgK fRXU HOBO ORggeUV ZeUe deSOR\ed aW aOO WLPeV, PecKaQLcaO faLOXUeV, aQd

WKeUefRUe daWa gaSV, ZeUe QRW XQcRPPRQ. AV a baVLV fRU aOO VWaWLVWLcaO aQaO\VeV, WePSeUaWXUe

PeaVXUePeQWV ZeUe aYeUaged SeU da\ RYeU aOO aYaLOabOe daWa, ZLWKRXW dLVWLQcWLRQ beWZeeQ

ORggeUV. WKeQ PRUe WKaQ RQe ORggeU ZaV fXQcWLRQaO RQ WKe VaPe da\, daWa ZeUe YLVXaOO\

aVVeVVed SUeYLRXV WR aYeUagLQg WR eQVXUe UeaVRQabOe cRQVLVWeQc\ beWZeeQ ORggeUV.

B5: Statistical models

TabOe B5.1: DeVcULSWLRQ aQd AIC fRU WeVWed GLMM PRdeOV (a)DeSeQdeQW YaULabOe=deQVLW\,
b) DeSeQdeQW YaULabOe=bLRPaVV). TKe cKRVeQ PRdeO LV bolded.
a)

AIC DF Fixed effects Random effect

1357.050 3 NRQe-QXOO PRdeO TUaQVecW QXPbeU

1356.465 3 NRQe-QXOO PRdeO
TUaQVecW QXPbeU ZLWKLQ
SXb_VLWeV

1181.483 18
TZR Za\ LQWeUacWLRQ beWZeeQ SeaVRQ aQd
SSecLeV TUaQVecW QXPbeU

1118.825 22
Two wa\ interactions between Sub_site and
Species, and between Season and Species

Transect number within
Sub_sites

1123.224 34
TKUee-Za\ LQWeUacWLRQ beWZeeQ SXb_VLWe,
SeaVRQ aQd SSecLeV

TUaQVecW QXPbeU ZLWKLQ
SXb_VLWeV
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b)

AIC DF Fixed effects Random effect

2975.718 3 NRQe-QXOO PRdeO TUaQVecW QXPbeU

2955.895 3 NRQe-QXOO PRdeO
TUaQVecW QXPbeU ZLWKLQ
SXb_VLWeV

2857.165 18
TZR Za\ LQWeUacWLRQ beWZeeQ SeaVRQ aQd
SSecLeV TUaQVecW QXPbeU

2783.113 22
Two wa\ interactions between Sub_site and
Species, and between Season and Species

Transect number within
Sub_sites

2791.294 34
TKUee-Za\ LQWeUacWLRQ beWZeeQ SXb_VLWe,
SeaVRQ aQd SSecLeV

TUaQVecW QXPbeU ZLWKLQ
SXb_VLWeV

TabOe B5.2: ANOVA WabOe (T\Se III WaOd cKL-VTXaUe WeVW) RQ WKe fL[ed effecWV Rf WKe
DeQVLW\ GLMM (a) aQd BLRPaVV GLMM (b). SLgQLfLcaQce VeW aW PU(>CKLVT) � 0.05.
a)
Source DF Chi-square Pr(>Chisq)

SeaVRQ 3 11.526 0.009

SSecLeV 3 34.883 <0.001

SXb VLWe 1 21.356 <0.001

SeaVRQ [ SSecLeV 9 64.223 <0.001

SXb VLWe [ SSecLeV 3 61.036 <0.001
b)
Source DF Chi-square Pr(>Chisq)

SeaVRQ 3 31.002 <0.001

SSecLeV 3 8.575 0.036

SXb VLWe 1 97.829 <0.001

SeaVRQ [ SSecLeV 9 115.850 <0.001

SXb VLWe [ SSecLeV 3 95.996 <0.001
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Appendix C: Results

C1: General results

TabOe C1: PUeYaOeQce Rf eacK PacURaOga VSecLeV UegLVWeUed LQ WKe 78 WRWaO WUaQVecWV VaPSOed
aW ITS dXULQg WKe \eaU 2020. SSecLeV WKaW ZeUe SUeVeQW LQ a PaMRULW\ Rf WKe WUaQVecWV aUe
XQdeUOLQed.

Species Num. of transects (/78) Percent prevalence (%)

SaUgaVVXm hRUneUi 72 92.3

UndaUia SinnaWifida 66 84.6

MacURc\VWiV S\UifeUa 60 76.9

SaUgaVVXm mXWicXm 58 74.4

SWeShanRc\VWiV RVmXndacea 51 65.4

EiVenia aUbRUea 38 48.7

LaminaUia VSS 29 37.2

EgUegia men]ieVii 3 3.8

CRdiXm fUagile 1 1.3

C2: Pairwise comparisons

TabOe C2.1: MXOWLSOe SaLUZLVe cRPSaULVRQV ZLWK BRQfeUURQL-cRUUecWed S-YaOXeV
(VLgQLfLcaQce OeYeO =  S YaOXe� 0.05) Rf µSSecLeV¶ OeYeO aYeUaged RYeU µSXbVLWe¶ aQd
µSeaVRQ¶ OeYeOV RQ WKe DeQVLW\ GLMM (a) aQd BLRPaVV GLMM (b). ReVXOWV aUe gLYeQ RQ
WKe ORg VcaOe.
a)
Contrast Estimate Std. Error ] value p value

MacURc\VWiV S\UifeUa - SaUgaVVXm hRUneUi -3.463 0.353 -9.822 <0.001

MacURc\VWiV S\UifeUa - SaUgaVVXm mXWicXm -1.980 0.364 -5.438 <0.001

MacURc\VWiV S\UifeUa - UndaUia SinnaWifida -0.566 0.434 -1.303 1.000

SaUgaVVXm hRUneUi - SaUgaVVXm mXWicXm 1.483 0.179 8.286 <0.001

SaUgaVVXm hRUneUi - UndaUia SinnaWifida 2.898 0.296 9.792 <0.001

SaUgaVVXm mXWicXm - UndaUia SinnaWifida 1.415 0.309 4.578 <0.001



[LY

b)

Contrast Estimate Std. Error ] value p value

MacURc\VWiV S\UifeUa - SaUgaVVXm hRUneUi 0.179 0.240 0.745 1.000

MacURc\VWiV S\UifeUa - SaUgaVVXm mXWicXm 1.395 0.241 5.793 <0.001

MacURc\VWiV S\UifeUa - UndaUia SinnaWifida 1.459 0.241 6.047 <0.001

SaUgaVVXm hRUneUi - SaUgaVVXm mXWicXm 1.217 0.240 5.063 <0.001

SaUgaVVXm hRUneUi - UndaUia SinnaWifida 1.281 0.241 5.319 <0.001

SaUgaVVXm mXWicXm - UndaUia SinnaWifida 0.064 0.242 0.264 1.000

TabOe C2.2: MXOWLSOe SaLUZLVe cRPSaULVRQV  ZLWK BRQfeUURQL-cRUUecWed S-YaOXeV
(VLgQLfLcaQce OeYeO =  S YaOXe � 0.05) Rf SSecLeV-SXbVLWe LQWeUacWLRQV aYeUaged RYeU WKe
SeaVRQ OeYeO RQ WKe DeQVLW\ GLMM (a) aQd BLRPaVV GLMM (b). OQO\ cRPSaULVRQV WKaW
VKaUe WKe VaPe µSSecLeV¶ OeYeO aUe VKRZQ.  ReVXOWV aUe gLYeQ RQ WKe ORg VcaOe.
a)
Contrast Estimate Std. Error ] value p value

MacURc\VWiV S\UifeUa: CaQRS\ - OXWVLde 2.799 0.606 4.621 <0.001

SaUgaVVXm mXWicXm: CaQRS\ - OXWVLde 0.942 0.281 3.353 0.022

SaUgaVVXm hRUneUi: CaQRS\ - OXWVLde -1.111 0.251 -4.436 <0.001

UndaUia SinnaWifida: CaQRS\ - OXWVLde -0.492 0.350 -1.405 1.000
b)
Contrast Estimate Std. Error ] value p value
MacURc\VWiV S\UifeUa: CaQRS\ - OXWVLde 3.477 0.352 9.891 <0.001

SaUgaVVXm mXWicXm: CaQRS\ - OXWVLde 0.664 0.332 1.999 1.000

SaUgaVVXm hRUneUi: CaQRS\ - OXWVLde -1.308 0.350 -3.733 0.005

UndaUia SinnaWifida: CaQRS\ - OXWVLde 0.362 0.341 1.061 1.000
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TabOe C2.3: MXOWLSOe SaLUZLVe cRPSaULVRQV ZLWK BRQfeUURQL-cRUUecWed S-YaOXeV
(VLgQLfLcaQce OeYeO =  S YaOXe� 0.05) Rf SSecLeV-SeaVRQ LQWeUacWLRQV aYeUaged RYeU WKe
SXbVLWe  OeYeO RQ WKe DeQVLW\ GLMM (a) aQd BLRPaVV GLMM (b). OQO\ cRPSaULVRQV WKaW
VKaUe WKe VaPe µSeaVRQ¶ OeYeO aUe VKRZQ. ReVXOWV aUe gLYeQ RQ WKe ORg VcaOe.
a)
Contrast Estimate Std. Error ] value p value

SSULQg
MacURc\VWiV S\UifeUa - SaUgaVVXm hRUneUi -4.679 0.773 -6.050 <0.001
MacURc\VWiV S\UifeUa - SaUgaVVXm mXWicXm -2.347 0.815 -2.881 0.475
MacURc\VWiV S\UifeUa - UndaUia SinnaWifida -0.544 1.022 -0.532 1.000
SaUgaVVXm hRUneUi - SaUgaVVXm mXWicXm 2.332 0.450 5.183 <0.001
SaUgaVVXm hRUneUi - UndaUia SinnaWifida 4.135 0.764 5.413 <0.001
SaUgaVVXm mXWicXm - UndaUia SinnaWifida 1.804 0.806 2.238 1.000

SXPPeU
MacURc\VWiV S\UifeUa - SaUgaVVXm hRUneUi -2.235 0.464 -4.817 <0.001
MacURc\VWiV S\UifeUa - SaUgaVVXm mXWicXm -1.735 0.475 -3.653 0.031
MacURc\VWiV S\UifeUa - UndaUia SinnaWifida -1.869 0.470 -3.977 0.008
SaUgaVVXm hRUneUi - SaUgaVVXm mXWicXm 0.501 0.318 1.577 1.000
SaUgaVVXm hRUneUi - UndaUia SinnaWifida 0.366 0.307 1.193 1.000
SaUgaVVXm mXWicXm - UndaUia SinnaWifida -0.134 0.325 -0.413 1.000

FaOO
MacURc\VWiV S\UifeUa - SaUgaVVXm hRUneUi -2.405 0.395 -6.067 <0.001
MacURc\VWiV S\UifeUa - SaUgaVVXm mXWicXm -1.061 0.417 -2.545 1.000
MacURc\VWiV S\UifeUa - UndaUia SinnaWifida -0.282 0.444 -0.635 1.000
SaUgaVVXm hRUneUi - SaUgaVVXm mXWicXm 1.344 0.296 4.541 <0.001
SaUgaVVXm hRUneUi - UndaUia SinnaWifida 2.123 0.332 6.396 <0.001
SaUgaVVXm mXWicXm - UndaUia SinnaWifida 0.780 0.356 2.193 1.000

WLQWeU
MacURc\VWiV S\UifeUa - SaUgaVVXm hRUneUi -4.534 0.577 -7.865 <0.001
MacURc\VWiV S\UifeUa - SaUgaVVXm mXWicXm -2.778 0.591 -4.701 <0.001
MacURc\VWiV S\UifeUa - UndaUia SinnaWifida 0.431 0.922 0.468 1.000
SaUgaVVXm hRUneUi - SaUgaVVXm mXWicXm 1.756 0.328 5.362 <0.001
SaUgaVVXm hRUneUi - UndaUia SinnaWifida 4.965 0.780 6.369 <0.001
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SaUgaVVXm mXWicXm - UndaUia SinnaWifida 3.209 0.790 4.063 0.006

b)
Contrast Estimate Std. Error ] value p value

SSULQg

MacURc\VWiV_S\UifeUa - SaUgaVVXm_hRUneUi -1.996 0.595 -3.353 0.096

MacURc\VWiV_S\UifeUa - SaUgaVVXm_mXWicXm 0.027 0.545 -3.503 1.000

MacURc\VWiV_S\UifeUa - UndaUia_SinnaWifida -0.089 0.594 -0.150 1.000

SaUgaVVXm_hRUneUi - SaUgaVVXm_mXWicXm 2.023 0.591 3.422 0.075

SaUgaVVXm_hRUneUi - UndaUia_SinnaWifida 1.907 0.592 3.221 0.154

SaUgaVVXm_mXWicXm - UndaUia_SinnaWifida -0.116 0.590 -0.197 1.000

SXPPeU

MacURc\VWiV_S\UifeUa - SaUgaVVXm_hRUneUi 1.522 0.430 3.541 0.048

MacURc\VWiV_S\UifeUa - SaUgaVVXm_mXWicXm 2.171 0.428 5.071 <0.001

MacURc\VWiV_S\UifeUa - UndaUia_SinnaWifida 0.144 0.424 0.341 1.000

SaUgaVVXm_hRUneUi - SaUgaVVXm_mXWicXm 0.649 0.429 1.512 1.000

SaUgaVVXm_hRUneUi - UndaUia_SinnaWifida -1.377 0.425 -3.241 0.143

SaUgaVVXm_mXWicXm - UndaUia_SinnaWifida -2.026 0.423 -4.788 <0.001

FaOO

MacURc\VWiV_S\UifeUa - SaUgaVVXm_hRUneUi 2.366 0.422 5.604 <0.001

MacURc\VWiV_S\UifeUa - SaUgaVVXm_mXWicXm 3.408 0.424 8.031 <0.001

MacURc\VWiV_S\UifeUa - UndaUia_SinnaWifida 4.038 0.428 9.429 <0.001

SaUgaVVXm_hRUneUi - SaUgaVVXm_mXWicXm 1.041 0.418 2.489 1.000

SaUgaVVXm_hRUneUi - UndaUia_SinnaWifida 1.672 0.422 3.958 0.009

SaUgaVVXm_mXWicXm - UndaUia_SinnaWifida 0.630 0.424 1.485 1.000

WLQWeU

MacURc\VWiV_S\UifeUa - SaUgaVVXm_hRUneUi -1.177 0.484 -2.430 1.000

MacURc\VWiV_S\UifeUa - SaUgaVVXm_mXWicXm -0.024 0.480 -0.050 1.000

MacURc\VWiV_S\UifeUa - UndaUia_SinnaWifida 1.744 0.488 3.576 0.042

SaUgaVVXm_hRUneUi - SaUgaVVXm_mXWicXm 1.153 0.483 2.388 1.000

SaUgaVVXm_hRUneUi - UndaUia_SinnaWifida 2.921 0.490 5.958 <0.001
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SaUgaVVXm_mXWicXm - UndaUia_SinnaWifida 1.768 0.486 3.637 0.033

TabOe C2.4: MXOWLSOe SaLUZLVe cRPSaULVRQV ZLWK BRQfeUURQL-cRUUecWed S-YaOXeV Rf
SSecLeV-SeaVRQ
LQWeUacWLRQV aYeUaged RYeU WKe SXbVLWe  OeYeO RQ WKe DeQVLW\ GLMM (a) aQd BLRPaVV
GLMM (b). OQO\ cRPSaULVRQV WKaW VKaUe WKe VaPe µSSecLeV¶ OeYeO aUe VKRZQ.

a)
Contrast Estimate Std. Error ] value p value

MacURc\VWiV S\UifeUa

SSULQg - SXPPeU -1.046 0.759 -1.378 1.000

SSULQg - FaOO -1.865 0.737 -2.530 1.000

SSULQg - WLQWeU -0.431 0.830 -0.520 1.000

SXPPeU - FaOO -0.819 0.436 -1.880 1.000

SXPPeU - WLQWeU 0.615 0.579 1.060 1.000

FaOO - WLQWeU 1.434 0.550 2.605 1.000

SaUgaVVXm hRUneUi

SSULQg - SXPPeU 1.398 0.342 4.083 0.005

SSULQg - FaOO 0.409 0.327 1.252 1.000

SSULQg - WLQWeU -0.286 0.331 -0.864 1.000

SXPPeU - FaOO -0.988 0.275 -3.592 0.039

SXPPeU - WLQWeU -1.684 0.305 -5.518 <0.001

FaOO - WLQWeU -0.695 0.289 -2.410 1.000

SaUgaVVXm mXWicXm

SSULQg - SXPPeU -0.433 0.432 -1.003 1.000

SSULQg - FaOO -0.579 0.428 -1.351 1.000

SSULQg - WLQWeU -0.862 0.440 -1.959 1.000

SXPPeU - FaOO -0.146 0.322 -0.452 1.000

SXPPeU - WLQWeU -0.429 0.337 -1.273 1.000

FaOO - WLQWeU -0.283 0.332 -0.852 1.000

UndaUia SinnaWifida

SSULQg - SXPPeU -2.371 0.751 -3.156 0.192
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SSULQg - FaOO -1.603 0.767 -2.089 1.000

SSULQg - WLQWeU 0.544 1.038 0.524 1.000

SXPPeU - FaOO 0.768 0.351 2.186 1.000

SXPPeU - WLQWeU 2.915 0.782 3.727 0.023

FaOO - WLQWeU 2.147 0.797 2.692 0.852

b)
Contrast Estimate Std. Error ] value p value

MacURc\VWiV S\UifeUa
SSULQg - SXPPeU -0.865 0.512 -1.689 1.000
SSULQg - FaOO -2.593 0.527 -4.921 <0.001
SSULQg - WLQWeU -0.731 0.544 -1.344 1.000
SXPPeU - FaOO -1.728 0.443 -3.900 0.012
SXPPeU - WLQWeU 0.134 0.459 0.292 1.000
FaOO - WLQWeU 1.863 0.453 4.110 0.005

SaUgaVVXm hRUneUi
SSULQg - SXPPeU 2.653 0.531 5.000 <0.001
SSULQg - FaOO 1.769 0.517 3.421 0.075
SSULQg - WLQWeU 0.088 0.532 0.166 1.000
SXPPeU - FaOO -0.884 0.419 -2.110 1.000
SXPPeU - WLQWeU -2.565 0.472 -5.436 <0.001
FaOO - WLQWeU -1.681 0.457 -3.674 0.029

SaUgaVVXm mXWicXm
SSULQg - SXPPeU 1.278 0.513 2.490 1.000
SSULQg - FaOO 0.787 0.512 1.537 1.000
SSULQg - WLQWeU -0.782 0.538 -1.454 1.000
SXPPeU - FaOO -0.491 0.425 -1.156 1.000
SXPPeU - WLQWeU -2.060 0.455 -4.527 <0.001
FaOO - WLQWeU -1.569 0.449 -3.492 0.058

UndaUia SinnaWifida
SSULQg - SXPPeU -0.632 0.517 -1.222 1.000
SSULQg - FaOO 1.534 0.518 2.963 0.365
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SSULQg - WLQWeU 1.102 0.539 2.046 1.000
SXPPeU - FaOO 2.165 0.422 5.135 <0.001
SXPPeU - WLQWeU 1.734 0.464 3.736 0.023
FaOO - WLQWeU -0.432 0.464 -0.930 1.000

C3: Cross correlations

TabOe C3.1: CRUUeOaWLRQ cReffLcLeQWV Rf WLPe-Oagged OLQeaU UeOaWLRQVKLSV beWZeeQ (a) PeaQ
PRQWKO\ WePSeUaWXUe (�C), (b) PRQWKO\ cReffLcLeQW Rf YaULaWLRQ Rf WKe WePSeUaWXUe (%) , aQd
PeaQ PRQWKO\ bLRPaVV Rf M. S\UifeUa, S. mXWicXm, S. hRUneUi aQd U. SinnaWifida (g P-2).
CRUUeOaWLRQV Rf � 0.6 aUe cRQVLdeUed VLgQLfLcaQW. HLgKeVW VLgQLfLcaQW cRUUeOaWLRQ SeU VSecLeV
LV XQdeUOLQed.
a)

Lag (months)
-7 -6 -5 -4 -3 -2 -1 0

M. S\UifeUa -0.253 -0.199 -0.296 -0.305 -0.137 0.157 0.687 0.909
S. mXWicXm 0.078 0.137 0.165 0.236 0.239 0.089 -0.23 -0.387
S. hRUneUi 0.131 0.167 0.219 0.211 0.149 -0.118 -0.399 -0.410
U. SinnaWifida 0.241 0.164 -0.039 -0.306 -0.333 -0.627 -0.580 -0.070
b)

Lag (months)
-7 -6 -5 -4 -3 -2 -1 0

M. S\UifeUa -0.497 -0.468 -0.176 0.197 0.414 0.740 0.615 0.290
S. mXWicXm 0.173 0.163 0.166 0.201 0.155 -0.110 -0.613 -0.776
S. hRUneUi 0.176 0.166 0.137 0.131 0.026 -0.420 -0.725 -0.721
U. SinnaWifida 0.221 -0.106 -0.517 -0.619 -0.339 -0.247 -0.028 0.221


