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IQWURdXcWLRQ

ThiV SXSSOePeQWaU\ ReSRUW SURYideV deWaiOed caVe VWXdieV, e[SeUW iQVighWV, aQd a
OiWeUaWXUe UeYieZ RQ beVW SUacWiceV fRU RSeUaWiRQaOi]iQg PRQiWRUiQg fRU PaUiQe SURWecWed
aUea QeWZRUNV (MPANV). IQVighWV fURP WhiV UeSRUW haYe beeQ V\QWheVi]ed iQWR a VhRUWeU
UeSRUW WhaW iQcOXdeV beVW SUacWiceV fRU MPAN PRQiWRUiQg aQd VSecific UecRPPeQdaWiRQV
fRU aQ MPAN XQdeU deYeORSPeQW iQ Whe NRUWheUQ SheOf BiRUegiRQ Rff Whe cRaVW Rf BUiWiVh
CROXPbia, CaQada.

MaULQH SURWHcWHd aUHa QHWZRUNV (MPANV) RIIHU RSSRUWXQLWLHV IRU KabLWaW aQd VSHcLHV SURWHcWLRQ

aW OaUJH VSaWLaO VcaOHV ZKLOH aOORZLQJ IRU dLYHUVH KXPaQ acWLYLWLHV, LQcOXdLQJ ILVKLQJ, ZLWKLQ a

UHJLRQ. A PaMRU IRcXV LV WR dHVLJQ WKH QHWZRUNV baVHd RQ SRSXOaWLRQ-OHYHO aQd HcRV\VWHP-baVHd

XQdHUVWaQdLQJV RI PaULQH aUHaV (MaHVWUR HW aO. 2019; RaVVZHLOHU HW aO. 2020; GURUXd-CROYHUW HW

aO. 2021; SXOOLYaQ-SWacN HW aO. 2022). TKH aQWLcLSaWHd bHQHILWV RI MPANV LQcOXdH LQcUHaVHV LQ

bLRPaVV, abXQdaQcH, aQd dLYHUVLW\ RI PaULQH VSHcLHV. TKHVH bHQHILWV aUH acKLHYHd WKURXJK a

PXOWL-dLPHQVLRQaO aSSURacK WR ILVKHULHV aQd PaULQH cRQVHUYaWLRQ WKaW caQ LQcOXdH IHaWXUHV VXcK

aV SURYLVLRQ RI UHIXJHV IRU KaUYHVWHd VSHcLHV aQd SURWHcWLRQ RI KabLWaWV WKaW aUH cUXcLaO IRU

LPSRUWaQW OLIHc\cOH VWaJHV. BXLOdLQJ HcRORJLcaO UHVLOLHQcH WKURXJK MPANV LV aOVR WKRXJKW WR OHad

WR VRcLR-cXOWXUaO bHQHILWV VXcK aV IRRd VHcXULW\, cXOWXUaO YaOXHV, VWabOH UHVRXUcH baVHV IRU ORcaO

cRPPXQLWLHV, aQd HPSOR\PHQW LQ cRQVHUYaWLRQ UHOaWHd ZRUN (H.J., PRQLWRULQJ aQd VWHZaUdVKLS).

PXUVXLQJ a QHWZRUN aSSURacK WR MPAV, KRZHYHU, bULQJV XQLTXH cKaOOHQJHV aQd TXHVWLRQV IRU

HcRORJLcaO, HQYLURQPHQWaO, aQd KXPaQ dLPHQVLRQV PRQLWRULQJ (GURUXd-CROYHUW HW aO. 2014;

HaOO-AUbHU HW aO. 2021). AV MPANV aUH dHVLJQHd ZLWK WKH LQWHQW WR SURWHcW UHSUHVHQWaWLYH KabLWaWV

aV ZHOO aV XQLTXH aQd YXOQHUabOH aUHaV aQd VSHcLHV, LW LV LPSRUWaQW WR HYaOXaWH ZKHWKHU WKH

JURXS RI SURWHcWHd aUHaV aUH cROOHcWLYHO\ cRQWULbXWLQJ WR WKHVH HQdV (BaObaU HW aO. 2020). SRPH RI

WKH VSaWLaO IHaWXUHV WKaW PaNH MPAN PRQLWRULQJ aQd HYaOXaWLRQ XQLTXH LQcOXdH WKH dLYHUVLW\ RI

KabLWaWV, SUHYaOHQcH RI UHPRWH ORcaWLRQV, aQd OLPLWaWLRQV RQ WKH abLOLW\ WR PRQLWRU QXPHURXV

VLWHV. TKHVH VSaWLaO cKaOOHQJHV aUH IXUWKHU cRPSOLcaWHd b\ WKH SUHYaOHQcH RI PXOWLSOH W\SHV RI

SURWHcWHd aUHaV aQd ]RQLQJ WKaW LQYROYH SOacH-baVHd aQd dLVWLQcW JRYHUQaQcH aUUaQJHPHQWV,

cRQVHUYaWLRQ RbMHcWLYHV, aQd adPLQLVWUaWLRQ WKaW LQYROYH PXOWLSOH MXULVdLcWLRQV aQd SaUWQHUV. AV

VXcK, MPANV SUHVHQW a XQLTXH VHW RI cKaOOHQJHV IRU HcRORJLcaO, HQYLURQPHQWaO, VRcLaO, aQd

JRYHUQaQcH PRQLWRULQJ WKaW aLP WR OLQN RYHUaUcKLQJ MPAN JRaOV aQd RbMHcWLYHV WR PaQaJHPHQW

OHYHUV aQd dHcLVLRQV (FLJXUH 1). .
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FigXre 1: OYHUYLHZ RI NH\ HOHPHQWV RI MaULQH PURWHcWHd AUHa NHWZRUN PRQLWRULQJ addUHVVHd LQ WKLV
VXSSOHPHQWaU\ UHSRUW.
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TKH SXUSRVH RI WKLV UHSRUW LV WR LdHQWLI\ JORbaO OHVVRQV aQd VXJJHVWHd bHVW SUacWLcHV IRU

RSHUaWLRQaOL]LQJ MPAN PRQLWRULQJ. PaUW RQH RI WKH UHSRUW cRQVLVWV RI ILYH caVH VWXdLHV RI

MPANV, SULPaULO\ IURP WHPSHUaWH UHJLRQV WKaW KaYH dRcXPHQWHd WKHLU H[SHULHQcHV ZLWK SOaQQLQJ

aQd RSHUaWLRQaOL]LQJ PRQLWRULQJ. TKHVH caVH VWXdLHV dUaZ RQ dLUHcW H[SHULHQcHV IURP MPA

PaQaJHUV aQd dHcLVLRQ PaNHUV. EacK caVH VWXd\ V\QWKHVL]HV SOacH-baVHd OHVVRQV OHaUQHd

IURP MPAN PRQLWRULQJ aQd HYaOXaWLRQ. PaUW WZR RI WKH UHSRUW LV a dHWaLOHd dLVcXVVLRQ RI MPAN

PRQLWRULQJ, baVHd RQ a OLWHUaWXUH UHYLHZ aQd HQJaJHPHQW ZLWK MPAN H[SHUWV. TKLV VHcWLRQ

LQcOXdHV dLVcXVVLRQ RI 10 NH\ WRSLcV UaQJLQJ IURP HaUO\ VWaJHV RI dHYHORSLQJ PRQLWRULQJ SOaQV WR

daWa cROOHcWLRQ WR UHSRUWLQJ IRU adaSWLYH PaQaJHPHQW.

Approach and MeWhods for Whis ReporW

A SURMHcW AdYLVRU\ CRPPLWWHH (acNQRZOHdJHd aW WKH WRS RI WKLV UHSRUW) KHOSHd WR JXLdH WKH

dLUHcWLRQ RI WKH caVH VWXdLHV, OLWHUaWXUH UHYLHZ, aQd H[SHUW HQJaJHPHQW. TKLV AdYLVRU\

CRPPLWWHH ZaV cRPSRVHd RI H[SHUWV ZLWK H[SHULHQcH UHOaWLQJ WR PaULQH RU MPA PRQLWRULQJ aQd

LQcOXdHd UHSUHVHQWaWLYHV RI CaQadLaQ IHdHUaO aQd SURYLQcLaO JRYHUQPHQW aJHQcLHV, FLUVW NaWLRQV

RUJaQL]aWLRQV, PaULQH VcLHQcH RUJaQL]aWLRQV, aQd acadHPLa.

IQ RUdHU WR LdHQWLI\ SRWHQWLaO caVH VWXdLHV RI MPANV, ZH XVHd a cRPbLQaWLRQ RI H[SHUW

NQRZOHdJH, OLWHUaWXUH UHYLHZ, aQd LQWHUQHW VHaUcKHV. SHHNLQJ WR OHaUQ IURP aSSOLHd H[SHULHQcH,

ZH VHOHcWHd caVH VWXdLHV ZKHUH aQ MPAN Kad aOUHad\ bHHQ LPSOHPHQWHd RU ZaV LQ WKH SURcHVV

RI LPSOHPHQWaWLRQ. IQ RUdHU WR HQVXUH WKaW dLYHUVH \HW UHOHYaQW OHVVRQV cRXOd bH dUaZQ, ZH

IRcXVHd RQ caVH VWXdLHV WKaW (1) ZHUH ZLWKLQ WHPSHUaWH RcHaQV, (2) Kad HOHPHQWV RI UHPRWH

VLWHV aQd PRQLWRULQJ, aQd (3) RIIHUHd NH\ OHVVRQV IRU bRWK HcRORJLcaO aQd KXPaQ dLPHQVLRQV

PRQLWRULQJ. TKH VHOHcWHd caVH VWXdLHV LQcOXdHd MPANV LQ CaOLIRUQLa (USA), OUHJRQ (USA),

UQLWHd KLQJdRP, VLcWRULa (AXVWUaOLa), aQd ARWHaURa NHZ ZHaOaQd (TabOH 1). IQVLJKWV aQd OHVVRQV

IURP HacK caVH VWXd\ ZHUH dHYHORSHd WKURXJK a cRPbLQaWLRQ RI dRcXPHQW UHYLHZ (H.J.,

PRQLWRULQJ SOaQV aQd PRQLWRULQJ UHSRUWV) aQd LQWHUYLHZV ZLWK SUacWLWLRQHUV aQd H[SHUWV ZLWK

dLUHcW H[SHULHQcH LQ MPAN PRQLWRULQJ dHVLJQ aQd/RU LPSOHPHQWaWLRQ.
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Table 1: MaULQH PURWHcWHd AUHa NHWZRUN MRQLWRULQJ (MPAN) caVH VWXdLHV LQ WKLV UHSRUW aQd WKHLU NH\

LQVLJKWV.

MPAN LocaWion Case SWXd\ Ke\ InsighWs

1 CaOLIRUQLa, USA - SWURQJ IRcXV RQ QHWZRUN-OHYHO HcRORJLcaO PRQLWRULQJ
- TKRURXJK HYaOXaWLRQV aQd UHSRUWV IRU PRQLWRULQJ RXWcRPHV
- LRQJHU WHUP PRQLWRULQJ OHVVRQV (10 \HaUV)

2 OUHJRQ, USA - HXPaQ dLPHQVLRQV PRQLWRULQJ
- LRQJHU WHUP PRQLWRULQJ OHVVRQV (10 \HaUV)

3 UQLWHd KLQJdRP - IQdLcaWRUV IRU OaUJH-VcaOH PRQLWRULQJ
- CRRUdLQaWLRQ RI PRQLWRULQJ acURVV aJHQcLHV aQd VHcWRUV

4 VLcWRULa, AXVWUaOLa - MRQLWRULQJ LQVLJKWV IRU adaSWLYH PaQaJHPHQW
- LRQJHU WHUP PRQLWRULQJ OHVVRQV (20 \HaUV)

5 ARWHaURa NHZ ZHaOaQd - DHYHORSPHQW RI a MPAN PRQLWRULQJ IUaPHZRUN
- AdYaQcHd SOaQQLQJ RI aQaO\VHV aQd UHSRUWLQJ

★ BULWLVK CROXPbLa, CaQada - NHZ MPAN XQdHU dHYHORSPHQW LQ WKH NRUWKHUQ SKHOI
BLRUHJLRQ aQd WKH IRcXV RI WKH UHcRPPHQdaWLRQV RXWOLQHd LQ
PaUW 2 RI WKLV UHSRUW baVHd LQ SaUW RQ caVH VWXd\ ILQdLQJV.
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IQIRUPaWLRQ cROOHcWHd IRU PaUW 2 RI WKH UHSRUW ZaV PXOWLIacHWHd WR caSWXUH cRQVLVWHQWO\ XVHd bHVW

SUacWLcHV aV ZHOO aV HPHUJLQJ WHcKQRORJLHV aQd aSSURacKHV. IQIRUPaWLRQ VRXUcHV LQcOXdHd:

Ɣ CRQWULbXWLRQV aQd LQVLJKWV IURP WKH AdYLVRU\ CRPPLWWHH.

Ɣ A WaUJHWHd UHYLHZ RI bRWK SHHU-UHYLHZHd aQd JUH\ OLWHUaWXUH IRcXVHd RQ bHVW SUacWLcHV IRU

MPAN PRQLWRULQJ.

Ɣ A ZRUNVKRS WKaW bURXJKW WRJHWKHU LQWHUQaWLRQaO MPA PRQLWRULQJ H[SHUWV aQd UHVHaUcKHUV

ZRUNLQJ LQ WKH MPA VSacH (QXadUa IVOaQd, BULWLVK CROXPbLa, FHbUXaU\ 2023). TKLV

ZRUNVKRS IRcXVHd RQ OLQNLQJ VRcLaO aQd HcRORJLcaO dLPHQVLRQV RI MPA PRQLWRULQJ (VHH

ZRUNVKRS UHSRUW LQ ASSHQdL[ A).

Ɣ MHPbHUV RI WKH cRQVXOWLQJ WHaP aOVR aWWHQdHd WKH 5WK IQWHUQaWLRQaO MaULQH PURWHcWHd

AUHaV CRQJUHVV (VaQcRXYHU, BULWLVK CROXPbLa, FHbUXaU\ 2023) aQd KaYH LQcRUSRUaWHd

UHOHYaQW LQVLJKWV abRXW MPA PRQLWRULQJ, UHVHaUcK aQd SUacWLcH WKaW ZHUH JOHaQHd IURP

cRQIHUHQcH SUHVHQWaWLRQV UHSUHVHQWLQJ WKH VWaWH RI WKH aUW LQ MPA PRQLWRULQJ SUacWLcH.
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Case SWXd\ 1:

California MPAN MoniWoring Program

LaJXQa BHacK SMR, CUHdLW: SWHYH WHUW]
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Ke\ Lessons from Whis Case SWXd\

A sWrengWh of California¶s MPA moniWoring program is Whe mandaWe Wo moniWor as a
neWZork
TKH LQVLdH-RXWVLdH aSSURacK IRU PRQLWRULQJ - LQdH[ VLWHV ZLWKLQ MPAV aQd SaLUHd UHIHUHQcH VLWHV
RXWVLdH RI MPAV - KaV aOORZHd UHVHaUcKHUV WR aQVZHU a ZLdH UaQJH RI TXHVWLRQV. AddLWLRQaOO\,
WKH IRcXV RQ UHSUHVHQWaWLYH KabLWaWV acURVV HYHU\ UHJLRQ RI WKH QHWZRUN KaV KHOSHd WR HQabOH
QHWZRUN ZLdH daWa cROOHcWLRQ aQd aQaO\VHV.

LegislaWed fXnding for long-Werm moniWoring is essenWial for consisWenW daWa collecWion
LHJLVOaWHd ORQJ-WHUP IXQdLQJ caQ HQabOH \HaU-WR-\HaU bXdJHWLQJ aQd SOaQQLQJ. WKLOH CaOLIRUQLa
KaV Kad VRPH IOXcWXaWLRQV LQ IXQdLQJ, WKHUH KaV bHHQ a baVH IXQd WR VXSSRUW PLQLPaO
PRQLWRULQJ. A WLHUHd aSSURacK IRU dHcLdLQJ ZKLcK VLWHV WR PRQLWRU KaV KHOSHd WR HQVXUH WKaW
cRQVLVWHQW VLWHV KaYH bHHQ PRQLWRUHd (WLHULQJ IRcXVHV RQ VLWH VHOHcWLRQ UaWKHU WKaQ ZKLcK
LQdLcaWRUV RU PHWKRdV VKRXOd bH XVHd).

InYesWmenW in XndersWanding hXman dimensions of MPAs shoXld begin earl\
A UHIOHcWLRQ aQd OHVVRQ IURP CaOLIRUQLa¶V dHcadaO UHYLHZ ZaV WKaW PRUH HPSKaVLV VKRXOd bH
SOacHd RQ KXPaQ dLPHQVLRQV PRQLWRULQJ. TKH OacN RI a SOaQ IRU KXPaQ dLPHQVLRQV PRQLWRULQJ
KaV bHHQ UHcRJQL]Hd a JaS WKaW OLPLWV XQdHUVWaQdLQJ RI KRZ cKaQJHV UHOaWHd WR MPAV LPSacWV
SHRSOH aQd LV LPSacWHd b\ SHRSOH. TR WKLV HQd, LW LV HVVHQWLaO WR HQVXUH WKaW aOO NH\ SaUWQHUV,
IQdLJHQRXV JRYHUQPHQWV, LQdXVWU\ VWaNHKROdHUV, aQd cRPPXQLWLHV aUH HQJaJHd IURP WKH
bHJLQQLQJ RI a PRQLWRULQJ SURJUaP. TKLV ZLOO KHOS WR HQVXUH WKaW HYHU\RQH¶V LQWHUHVWV aUH PHW
aQd WR OHYHUaJH UHVRXUcHV aQd H[SHUWLVH IRU PRQLWRULQJ WKaW PLJKW bH aYaLOabOH.

Consider means and meWhods of inWegraWing baseline and long-Werm moniWoring
TKLQN abRXW baVHOLQH PRQLWRULQJ aQd ORQJ-WHUP PRQLWRULQJ ZHOO LQ adYaQcH RI WKHLU
LPSOHPHQWaWLRQ. LLQNLQJ bRWK W\SHV RI PRQLWRULQJ WR MPAN JRaOV, LW caQ KHOS ZLWK LQWHJUaWLRQ
OaWHU RQ.

There is a need Wo manage Wrade-offs as MPANs coYer Yer\ large areas
DHcLVLRQV QHHd WR bH PadH abRXW PRQLWRULQJ aV PaQ\ VLWHV aV SRVVLbOH RU PRQLWRULQJ IHZHU
VLWHV YHU\ WKRURXJKO\. CaOLIRUQLa cKRVH WKH OaWWHU WR HQVXUH cRQVLVWHQW WLPH VHULHV daWa (HQabOLQJ
VWURQJHU LQIHUHQcHV, aObHLW IRU IHZHU VLWHV).

PaWience is needed Wo deWecW long-Werm posiWiYe oXWcomes
EYHQ aV CaOLIRUQLa KaV cRPSOHWHd LWV ILUVW dHcadaO UHYLHZ, dHcLVLRQ-PaNLQJ IURP H[LVWLQJ daWa LV
VWLOO cRQVLdHUHd SUHPaWXUH (H.J., PRUH WLPH QHHdHd IRU VSHcLHV ZLWK VORZHU OLIH KLVWRU\
cKaUacWHULVWLcV WR VKRZ H[SHcWHd bLRORJLcaO UHVSRQVHV). SRPH adMXVWPHQWV KaYH bHHQ PadH WR
PaQaJHPHQW SOaQV (H.J., MPA bRXQdaU\ cKaQJHV) bXW dHHSHU VKLIWV LQ PaQaJHPHQW aSSURacK
KaYH QRW \HW WaNHQ SOacH (H.J., QR cKaQJHV WR MPAN JRaOV).

IQ addLWLRQ WR WKH OHVVRQV LdHQWLILHd IRU WKLV caVH VWXd\, TabOH 2 OLVWV IXUWKHU OHVVRQV cRPSLOHd b\
WKH RHVRXUcHV LHJac\ FXQd, aV cRPPLVVLRQHd b\ NaWXUH UQLWHd LQ 2020.
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Table 2: LHVVRQV OHaUQHd IURP CaOLIRUQLa¶V MPAN PURJUaP (VXPPaUL]Hd IURP RHVRXUcHV LHJac\ FXQd
(2020).

CaWegor\ Lessons Learned

IPSRUWaQcH RI MRQLWRULQJ ➢ IQcOXdH H[SOLcLW PRQLWRULQJ PaQdaWH
➢ BH UHaOLVWLc abRXW WUadHRIIV LQ JHRJUaSKLc VcRSH aQd daWa

TXaOLW\
➢ DHWHUPLQH PRQLWRULQJ SURJUaP VcaOH² LQdLYLdXaO MPA RU

QHWZRUN?
➢ COHaUO\ HVWabOLVK SURJUaPPaWLc VcRSH (HcRV\VWHP

aSSURacK)

MRQLWRULQJ PURJUaP POaQQLQJ
- Baseline Monitoring (Phase
1, 2007-2018)

➢ BaVHOLQH VWXdLHV aUH ORQJ-WHUP aVVHWV
➢ IQcOXdH KXPaQ dLPHQVLRQV PRQLWRULQJ
➢ CaOLbUaWH PRQLWRULQJ HIIRUW, H[SHcWaWLRQV, aQd MPA

PaQaJHPHQW WR ORcaO HcRORJLcaO cRQdLWLRQV
➢ SKaUH UHVXOWV aQd cRQVLdHU \RXU aXdLHQcH

MRQLWRULQJ PURJUaP POaQQLQJ
- Long-term Monitoring
(Phase 2, 2018 – ongoing)

➢ LLQN PRQLWRULQJ WR RbMHcWLYHV
➢ POaQ baVHOLQH aQd ORQJ-WHUP PRQLWRULQJ LQ WaQdHP
➢ FRUPaOO\ LQWHJUaWH H[LVWLQJ PRQLWRULQJ HIIRUWV aQd aYRLd

UHSOLcaWLRQ

MRQLWRULQJ PaUWQHUVKLSV ➢ E[SOLcLWO\ SURPRWH SaUWQHUVKLSV
➢ BH IOH[LbOH
➢ FRVWHU cRPPXQLW\ VcLHQcH

TULbHV aQd IQdLJHQRXV
CRPPXQLWLHV

➢ TULbHV aUH cULWLcaO SaUWQHUV
➢ TULbHV cRQWULbXWH WR RXU XQdHUVWaQdLQJ
➢ PULRULWL]H cROOabRUaWLRQ aQd SaUWQHUVKLS
➢ EQVXUH LQcOXVLYH dHcLVLRQ-PaNLQJ

IQVWLWXWLRQaO CRRUdLQaWLRQ ➢ WHLJK RSWLRQV LQ dHcLdLQJ ZKHUH WR KRXVH PRQLWRULQJ
SURJUaP

➢ BXLOd ORQJ-WHUP LQVWLWXWLRQaO caSacLW\

DaWa SWRUaJH aQd
MaQaJHPHQW

➢ DHVLJQ IRU dXUabLOLW\
➢ PXbOLc accHVVLbLOLW\ VKRXOd aLP IRU ³JRRd HQRXJK´

FXQdLQJ MPA MRQLWRULQJ ➢ EVWabOLVK VWabOH, ORQJ-WHUP IXQdLQJ
➢ SWUHWcK H[LVWLQJ IXQdLQJ WKURXJK SaUWQHUVKLSV

InWrodXcWion

CaOLIRUQLa¶V PaULQH SURWHcWHd aUHa QHWZRUN (MPAN) LQcOXdHV 124 LQdLYLdXaO MPAV aQd SURWHcWV
16 SHUcHQW (850 VTXaUH PLOHV) RI WKH VWaWH¶V cRaVWOLQH. TKH GRYHUQPHQW RI CaOLIRUQLa¶V MaULQH
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LLIH PURWHcWLRQ AcW (1999) LQLWLaWHd WKH dHVLJQ RI WKH QHWZRUN. AQ H[WHQVLYH SOaQQLQJ SURcHVV
IURP 2004 WR 2012 LQYROYHd VWaNHKROdHU aQd H[SHUW LQSXW, SROLc\ dHYHORSPHQW, aQd SOaQQLQJ
(RHVRXUcHV LHJac\ FXQd 2020). TKH MPAN ZaV LPSOHPHQWHd LQ 2012 aQd LQcOXdHd VL[ W\SHV RI
SURWHcWHd aUHaV WKaW KaYH WKHLU RZQ UXOHV RQ aOORZabOH acWLYLWLHV (FLJXUH 2). TKHVH SURWHcWHd
aUHaV UaQJH IURP IXOO cORVXUHV WKaW dR QRW aOORZ HQWU\, WR aUHaV aOORZLQJ UHcUHaWLRQaO acWLYLWLHV, WR
aUHaV ZLWK UHVWULcWLRQV RQ VSHcLHV H[WUacWLRQ IRU VcLHQWLILc, cRPPHUcLaO, RU UHcUHaWLRQaO SXUSRVHV
(DaZVRQ 2023). TKH MaULQH LLIH PURWHcWLRQ AcW (MLPA) LQcOXdHd VL[ JRaOV IRU WKH MPAN (BR[ 1),
LQcOXdLQJ WKaW WKH SWaWH HQVXUH ³MPAV aUH dHVLJQHd aQd PaQaJHd, WR WKH H[WHQW SRVVLbOH, aV a
QHWZRUN.´ TKLV QHWZRUN aSSURacK WR LWV PRQLWRULQJ SURJUaP LV a NH\ VWUHQJWK - aQd VRPHZKaW
XQLTXH JORbaOO\.

FigXre 2: CaOLIRUQLa MaULQH PURWHcWHd AUHaV b\ W\SH aQd ORcaWLRQ (MaS IURP MaULQH PURWHcWHd AUHa
MRQLWRULQJ AcWLRQ POaQ 2018).
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BOX 1: Si[ goals inclXded in Whe Marine Life ProWecWion AcW
(WKHVH JRaOV dR QRW KaYH QXPHULcaO WKUHVKROdV WKaW dHILQH VXccHVV).

1. PURWHcW WKH QaWXUaO dLYHUVLW\ aQd abXQdaQcH RI PaULQH OLIH, aQd WKH VWUXcWXUH, IXQcWLRQ aQd
LQWHJULW\ RI PaULQH HcRV\VWHPV.

2. HHOS VXVWaLQ, cRQVHUYH aQd SURWHcW PaULQH OLIH SRSXOaWLRQV, LQcOXdLQJ WKRVH RI HcRQRPLc
YaOXH, aQd UHbXLOd WKRVH WKaW aUH dHSOHWHd.

3. IPSURYH UHcUHaWLRQaO, HdXcaWLRQaO aQd VWXd\ RSSRUWXQLWLHV SURYLdHd b\ PaULQH HcRV\VWHPV
WKaW aUH VXbMHcW WR PLQLPaO KXPaQ dLVWXUbaQcH, aQd WR PaQaJH WKHVH XVHV LQ a PaQQHU
cRQVLVWHQW ZLWK SURWHcWLQJ bLRdLYHUVLW\.

4. PURWHcW PaULQH QaWXUaO KHULWaJH, LQcOXdLQJ SURWHcWLRQ RI UHSUHVHQWaWLYH aQd XQLTXH PaULQH
OLIH KabLWaWV LQ CA ZaWHUV IRU WKHLU LQWULQVLc YaOXHV.

5. EQVXUH CaOLIRUQLa'V MPAV KaYH cOHaUO\ dHILQHd RbMHcWLYHV, HIIHcWLYH PaQaJHPHQW PHaVXUHV
aQd adHTXaWH HQIRUcHPHQW aQd aUH baVHd RQ VRXQd VcLHQWLILc JXLdHOLQHV.

6. EQVXUH WKH SWaWH'V MPAV aUH dHVLJQHd aQd PaQaJHd, WR WKH H[WHQW SRVVLbOH, aV a QHWZRUN.

WKLOH WKH MLPA LQcOXdHV UHTXLUHPHQWV IRU PRQLWRULQJ, UHVHaUcK, aQd HYaOXaWLRQ WR VXSSRUW
adaSWLYH PaQaJHPHQW, aQQXaO IXQdLQJ KaV QRW aOZa\V bHHQ cRQVLVWHQW, ZKLcK KaV OHd WR VRPH
cKaOOHQJHV IRU cRQVLVWHQW ORQJ-WHUP PRQLWRULQJ. TKH MPAN PaQaJHPHQW SURJUaP KaV UHcHLYHd
cRQVLdHUabOH SXbOLc aQd SULYaWH SKLOaQWKURSLc VXSSRUW WKaW KaYH bHHQ HVVHQWLaO IRU LWV ORQJ-WHUP
VXccHVV (CaOLIRUQLa DHSaUWPHQW RI FLVK aQd WLOdOLIH 2022). OQ aQ aQQXaO baVLV, WKH PRQLWRULQJ
SURJUaP UHcHLYHd a baVH RI US$2.5 PLOOLRQ IURP a GHQHUaO FXQd WKaW LV WKHQ VXSSOHPHQWHd IURP
RWKHU VRXUcHV ZKHQ aYaLOabOH (MaULQH PURWHcWHd AUHa MRQLWRULQJ AcWLRQ POaQ 2018). CRVWV IRU
RYHUaOO SOaQQLQJ aQd PaQaJHPHQW RI WKH MPAN ZHUH HVWLPaWHd aW PRUH WKaQ US$100 PLOOLRQ
bHWZHHQ 2004-2022 (VaQ DLJJHOHQ HW aO. 2022), RI ZKLcK US$32 PLOOLRQ LQ SXbOLc IXQdV
VXSSRUWHd PRQLWRULQJ SURJUaPV (RHVRXUcHV LHJac\ FXQd 2020).

TKH WLHUHd aSSURacK WR VLWH PRQLWRULQJ - dLVcXVVHd LQ WKH IROORZLQJ VHcWLRQ - KaV KHOSHd WR
SULRULWL]H VLWH VHOHcWLRQ ZKHQ IXQdLQJ LV LQVXIILcLHQW. AddLWLRQaOO\, CaOLIRUQLa adRSWHd a
SaUWQHUVKLS-baVHd aSSURacK WKaW KaV KHOSHd WR OHYHUaJH VXSSOHPHQWaU\ IXQdLQJ aQd UHVRXUcHV
(OcHaQ PURWHcWLRQ CRXQcLO 2014; RHVRXUcH LHJac\ FXQd 2020). PaUWQHUV IRU PRQLWRULQJ KaYH
LQcOXdHd acadHPLc LQVWLWXWLRQV (H.J., CaOLIRUQLa CRRSHUaWLYH OcHaQLc FLVKHULHV IQYHVWLJaWLRQV
(CaOCOFI); MXOWL-AJHQc\ RRcN\ IQWHUWLdaO NHWZRUN (MARINH)), cRPPXQLW\ aQd cLWL]HQ VcLHQcH
SURJUaPV (H.J., LIMPETS, MPA WaWcK; RHHI CKHcN CaOLIRUQLa), aQd HQJaJHPHQW ZLWK ILVKHULHV
(H.J. CaOLIRUQLa CROOabRUaWLYH FLVKHULHV RHVHaUcK PURMHcW) (MH\HU HW aO. 2022).

TKH CaOLIRUQLa aSSURacK WR PRQLWRULQJ LQWHJUaWHV VcLHQcH, HYaOXaWLRQ, aQd cRPPXQLcaWLRQ aQd LV
UHIOHcWHd LQ WKH cRUH HOHPHQWV RI WKH MaULQH PURWHcWHd AUHa MRQLWRULQJ AcWLRQ POaQ (FLJXUH 3).
GLYHQ WKH OaUJH JHRJUaSKLc cRYHUaJH RI WKH MPAN, CaOLIRUQLa KaV UHOLHd KHaYLO\ RQ UHVHaUcK
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cRQVRUWLXPV RI PXOWLSOH LQVWLWXWLRQV aQd RUJaQL]aWLRQV. TKHVH cRQVRUWLXPV KaYH W\SLcaOO\ bHHQ
baVHd RQ UHVHaUcK aQd PRQLWRULQJ RI KabLWaW W\SHV (H.J., RRcN\ IQWHUWLdaO, KHOS aQd SKaOORZ
RRcN, MLd-dHSWK RRcN) LQVWHad RI UHJLRQV. PaUW RI WKH LQWHQW RI UHO\LQJ RQ cRQVRUWLXPV KaV bHHQ
WR dHcHQWUaOL]H adPLQLVWUaWLYH bXUdHQ, bXW aOVR WR VXSSRUW LQWHJUaWLRQ RI PRQLWRULQJ acURVV
UHJLRQV.

FigXre 3: CRUH HOHPHQWV RI WKH MPA MRQLWRULQJ PURJUaP (VRXUcH: MaULQH PURWHcWHd AUHa MRQLWRULQJ
AcWLRQ POaQ 2018).

EYolXWion of MPAN MoniWoring

SRPH VcLHQWLVWV ZKR ZHUH LQYROYHd LQ WKH dHYHORSPHQW RI WKH MPAN LQ WKH 1990V adYRcaWHd IRU
WKH HVWabOLVKPHQW RI a PRQLWRULQJ SURJUaP WR bH LPSOHPHQWHd ZLWK WKH MPAN. HRZHYHU, LW
ZaVQ¶W XQWLO a dUaIW MaVWHU POaQ ZaV adRSWHd LQ 2008 WKaW VcLHQWLILc JXLdaQcH ZaV UHOHaVHd
UHJaUdLQJ WKH dHVLJQ aQd dHVLJQaWLRQ RI MPAV. AW WKLV WLPH, WKHUH ZaV PLQLPaO JXLdaQcH RQ
PRQLWRULQJ, aOWKRXJK WKH MaVWHU POaQ caOOHd IRU WKH dHYHORSPHQW RI UHJLRQaO PaQaJHPHQW SOaQV
aQd PRQLWRULQJ SOaQV (DaZVRQ 2022). MRQLWRULQJ UROOHd RXW LQ WZR SKaVHV:
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Ɣ PKaVH 1 - BaVHOLQH MRQLWRULQJ (2007-2018)
Ɣ PKaVH 2 - LRQJ-WHUP MRQLWRULQJ (2018 ± RQJRLQJ)

PKaVH 1 LQYROYHd UHJLRQ-b\-UHJLRQ baVHOLQH PRQLWRULQJ aQd UHJLRQaO PaQaJHPHQW SOaQ
dHYHORSPHQW, ZKLOH WKH RQJRLQJ PKaVH 2 IRcXVHV RQ WKHPaWLc-baVHd ORQJ-WHUP PRQLWRULQJ. A
bULHI KLVWRU\ RI PRQLWRULQJ LPSOHPHQWaWLRQ dXULQJ WKHVH SKaVHV LV SUHVHQWHd LQ WKH UHPaLQdHU RI
WKLV VHcWLRQ.

Phase 1 - Baseline MoniWoring (2007-2018)
FRXU MLPA SOaQQLQJ UHJLRQV ZHUH LdHQWLILHd baVHd RQ WKHLU XQLTXH cKaUacWHULVWLcV ZLWKLQ WKH
OaUJHU VWaWHZLdH MPAN (MaULQH PURWHcWHd AUHa MRQLWRULQJ AcWLRQ POaQ 2018). IPSOHPHQWaWLRQ
ZaV caUULHd RXW UHJLRQ-b\-UHJLRQ (TabOH 3), ZKHUH PaQaJHPHQW SOaQV ZHUH WaLORUHd IRU HacK
UHJLRQ. TKLV SURcHVV IRU dHYHORSLQJ UHJLRQaO PaQaJHPHQW SOaQV LQcOXdHd baVHOLQH daWa
cROOHcWLRQ ZLWKLQ HacK UHJLRQ. BaVHOLQH daWa cROOHcWLRQ IRcXVHd RQ WKH IROORZLQJ KabLWaWV aQd
KXPaQ XVHV:

Ɣ HabLWaWV
ż RRcN\ IQWHUWLdaO
ż KHOS aQd SKaOORZ RRcN (0-30 P)
ż MLd-dHSWK RRcN (30-100 P)
ż SRIW-bRWWRP IQWHUWLdaO aQd BHacK
ż SRIW-bRWWRP SXbWLdaO (0-100 P)
ż DHHS EcRV\VWHPV aQd CaQ\RQV (>100 P)
ż NHaUVKRUH PHOaJLc (L.H., WKH ZaWHU cROXPQ ZLWKLQ VWaWH ZaWHUV 0-3 QP)
ż EVWXaULHV

Ɣ HXPaQ XVHV
ż CRQVXPSWLYH HXPaQ UVH
ż NRQ-cRQVXPSWLYH HXPaQ UVH

PXbOLc aQd SROLWLcaO SUHVVXUH WR cRPPHQcH PRQLWRULQJ PHaQW WKaW WKH CaOLIRUQLa DHSaUWPHQW RI
FLVK aQd WLOdOLIH (CDFW) ZaV cKaOOHQJHd LQ WKHLU abLOLW\ WR cUHaWH a cRRUdLQaWHd, QHWZRUN-OHYHO
PRQLWRULQJ SOaQ (DaZVRQ 2022). A PaMRU cRQcHUQ QRWHd b\ DaZVRQ (2022) ZaV WKaW LQdLcaWRU
VHOHcWLRQ HPSKaVL]Hd SURMHcWV WKaW Pa[LPL]Hd WKH aPRXQW RI daWa cROOHcWHd, ZKLOH LVVXHV
aURXQd LQWHJUaWLRQ acURVV WKH MPAN ZHUH VHW aVLdH WR bH addUHVVHd aW a OaWHU VWaJH.

³A core issue that plagued the Regional Monitoring Plans was the approach identified
the species and metrics to monitor then subsequently pointed out what questions could
be answered by the data collected. This is a fundamental reversal of the standard
scientific approach for designing monitoring programs which identifies the questions to
be answered, the sensitivity needed to answer the question, then uses established
statistical procedures to design the appropriate monitoring.´ (DaZVRQ 2022, S.7)
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Table 3: TLPLQJ IRU dHYHORSPHQW RI UHJLRQaO PaQaJHPHQW SOaQV aQd PKaVH 1 cROOHcWLRQ RI baVHOLQH daWa
(adaSWHd IURP DaZVRQ 2023).

CoasWal Region DaWe ImplemenWed Baseline DaWa
CollecWion Period

Anal\]e,
S\nWhesi]e, & Share
Baseline
InformaWion

CENTRAL (PLJHRQ
PW. WR PW. CRQcHSWLRQ)

SHSWHPbHU 2007 2007 - 2010 2010 - 2013

NORTH CENTRAL
(AOdHU CUHHN WR
PLJHRQ PW.)

Ma\ 2010 2010 - 2012 2012 - 2016

SOUTH (PW.
CRQcHSWLRQ WR
US/MH[LcR BRUdHU)

JaQXaU\ 2012 2011 - 2013 2013 - 2017

NORTH (CaOLIRUQLa/
OUHJRQ bRUdHU WR
AOdHU CUHHN)

DHcHPbHU 2012 2016 - 2018 2013 - 2016

Phase 2 - Long-Werm MoniWoring (2018 ± ongoing)
TKH XSdaWHd MaVWHU POaQ ZaV adRSWHd LQ 2016 ZLWK WKH LQWHQW RI bHWWHU aOLJQLQJ ZLWK aQd
PHHWLQJ WKH JRaOV RI WKH MLPA. SXbVHTXHQWO\, a MPA AcWLRQ POaQ ZaV UHOHaVHd LQ 2018. TR
bHWWHU OLQN PRQLWRULQJ PHWULcV WR ORQJ-WHUP PaQaJHPHQW JRaOV, WKH AcWLRQ POaQ WUaQVOaWHd WKH VL[
MPAN JRaOV LQWR PRQLWRULQJ RbMHcWLYHV, aQd WKHQ WUaQVOaWHd WKRVH LQWR TXHVWLRQV aQd
K\SRWKHVHV (ASSHQdL[ B RI WKH AcWLRQ POaQ). B\ IRcXVLQJ HQWLUHO\ RQ MPA PRQLWRULQJ, WKH MPA
AcWLRQ POaQ dLIIHUV IURP HaUOLHU UHSRUWV. TKH AcWLRQ POaQ ZaV WKH ILUVW aWWHPSW WR LdHQWLI\ SULRULW\
VLWHV aQd PHWULcV, aOWKRXJK LW VWLOO dLd QRW LQWHJUaWH daWa cROOHcWLRQ aQd aQaO\VLV acURVV KabLWaWV
aQd bHWZHHQ baVHOLQH aQd ORQJ-WHUP PRQLWRULQJ (DaZVRQ 2022).

TKH AcWLRQ POaQ ZaV baVHd RQ a cRPbLQaWLRQ RI H[SHUW LQSXW aQd UHYLHZ RI WKH UHJLRQaO
PaQaJHPHQW SOaQV aQd HVWabOLVKHd a SOaQ IRU ORQJ-WHUP PRQLWRULQJ baVHd RQ VSHcLILc PHWULcV
(H.J., dHQVLW\, abXQdaQcH, VL]H, bLRPaVV, aQd dLYHUVLW\ RI VSHcLHV), KabLWaWV, VLWHV, VSHcLHV, aQd
KXPaQ XVHV (DaZVRQ 2022). SaPSOLQJ SURWRcROV IRU VHYHQ WKHPaWLc aUHaV ZHUH LQLWLaWHd IRU
ORQJ-WHUP PRQLWRULQJ:

Ɣ SXUI ]RQH/SaQd\ bHacKHV
Ɣ RRcN\ LQWHUWLdaO
Ɣ KHOS IRUHVW/VKaOORZ URcN\ UHHI
Ɣ MLd-dHSWK URcN - CROOabRUaWLYH FLVKHULHV RHVHaUcK PURJUaP
Ɣ MLd-dHSWK URcN - ROV/HOV/LaQdHUV
Ɣ OcHaQRJUaSKLc
Ɣ SRcLRHcRQRPLc
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TKH VaPSOLQJ SURWRcROV VSHcLI\ a SUHIHUHQcH IRU VaPSOLQJ bRWK LQVLdH aQ MPA aQd aW a
cRPSaUabOH RXWVLdH-MPA UHIHUHQcH VLWH (H.J., ZLWK VLPLOaU KabLWaW aQd VSHcLHV cRPSRVLWLRQ). TKLV
SURWRcRO aLPHd WR VXSSRUW HYaOXaWLRQ RI WKH MPAN¶V SHUIRUPaQcH ZLWK UHVSHcW WR QHWZRUN JRaOV.
TKH AcWLRQ POaQ aOVR cKaQJHd WKH QXPbHU RI UHJLRQV IURP IRXU WR WKUHH (QRUWK, cHQWUaO, aQd
VRXWK) baVHd RQ cOXVWHUV RI VLPLOaU bLRWa, HcRORJLcaO cRPPXQLWLHV, aQd NH\ KabLWaWV. DaWa
cROOHcWLRQ IRU HacK RI WKH WKHPaWLc aUHaV VSaQV acURVV WKH WKUHH UHJLRQV, aOWKRXJK WR daWH WKH\
dR QRW aOO KaYH WKH VaPH WLPH VHULHV aYaLOabOH (DaZVRQ 2023).

TKH MaULQH PURWHcWHd AUHa MRQLWRULQJ AcWLRQ POaQ (2018) VHW RXW SULRULWLHV IRU NH\ SHUIRUPaQcH
PHaVXUHV aQd PHWULcV. TKHVH PHaVXUHV aQd PHWULcV ZHUH caWHJRUL]Hd accRUdLQJ WR
VSHcLHV-OHYHO, cRPPXQLW\-OHYHO, SK\VLcaO HQYLURQPHQW, cKHPLcaO, aQd YaULRXV KXPaQ XVHV (TabOH
4) LQ RUdHU WR VXSSRUW ORQJ-WHUP HYaOXaWLRQ aJaLQVW JRaOV RI WKH MLPA. SHOHcWLRQ RI WKH
PHaVXUHV aQd PHWULcV ZaV baVHd RQ a JORbaO UHYLHZ RI MPA SHUIRUPaQcH VWXdLHV.

Table 4: KH\ SHUIRUPaQcH PHaVXUHV aQd PHWULcV (cRPSLOHd IURP MaULQH PURWHcWHd AUHa MRQLWRULQJ
AcWLRQ POaQ 2018).

Dimension MeasXres

SSHcLHV-OHYHO � AbXQdaQcH
� DHQVLW\/cRYHU
� SL]H/aJH IUHTXHQc\
� BLRPaVV

CRPPXQLW\-OHYHO � FXQcWLRQaO dLYHUVLW\ (WUacNLQJ WKH SRSXOaWLRQ d\QaPLcV RI WKRVH
VSHcLHV aQd RUJaQLVPaO WUaLWV WKaW LQIOXHQcH HcRV\VWHP
IXQcWLRQLQJ)
� SWabLOLW\

PK\VLcaO � THPSHUaWXUH
� DHSWK
� SXbVWUaWH (H.J., URcN RU VHdLPHQW VL]H, W\SH, aQd UXJRVLW\)
� WaYH H[SRVXUH

CKHPLcaO � SH
� TRWaO aONaOLQLW\
� DLVVROYHd R[\JHQ

HXPaQ UVH -
CRPPHUcLaO PaVVHQJHU
FLVKLQJ VHVVHO

� AQQXaO OLcHQVH UHQHZaO aQd YHVVHO UHJLVWUaWLRQ
� PRUW RI dHSaUWXUH
� NXPbHU RI aQJOHUV
� TaUJHW VSHcLHV
� TULS OHQJWK
� FLVKLQJ ORcaWLRQ
� AYHUaJH SULcH SaLd SHU aQJOHU
� NXPbHU aQd SRXQdV RI ILVK caXJKW b\ VSHcLHV
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� NXPbHU RI cUHZ RQ WULS
� EIIRUW aQd caWcK SHU XQLW HIIRUW (CPUE)
� AQQXaO RSHUaWLQJ cRVWV
� NXPbHU RI cUHZ HPSOR\Hd

HXPaQ UVH -
CRPPHUcLaO FLVKHULHV

� AQQXaO OLcHQVH aQd YHVVHO UHQHZaO
� NXPbHU RI ILVKHUPHQ PaNLQJ OaQdLQJV
� LaQdLQJV: caWcK, SULcH, aQd UHYHQXH b\ VSHcLHV
� GHaU W\SH
� LaQdLQJV SRUW ORcaWLRQ
� CPUE
� HaUYHVW ORcaWLRQ
� AQQXaO RSHUaWLQJ cRVWV
� NXPbHU RI cUHZ HPSOR\Hd

HXPaQ UVH -
RHcUHaWLRQaO FLVKHULHV

� LLcHQVH SXUcKaVHV
� CaWcK aPRXQW
� CaWcK ORcaWLRQ
� CaWcK HIIRUW
� T\SH RI JHaU/PRdH

HXPaQ UVH - CRaVWaO
RHcUHaWLRQ aQd TRXULVP

� LRcaWLRQ RI UHVLdHQcH
� DHPRJUaSKLc LQIRUPaWLRQ (L.H. aJH, JHQdHU, HdXcaWLRQ, HWc.)
� IQcRPH
� EPSOR\PHQW VWaWXV
� FUHTXHQc\ aQd W\SH RI YLVLW
� LRcaWLRQ RI YLVLW
� T\SH RI acWLYLWLHV
� TULS H[SHQdLWXUHV

HXPaQ UVH -
EQIRUcHPHQW (ORcaWLRQ
VSHcLILc)

� PaWURO KRXUV
� CLWaWLRQV
� WaUQLQJV
� CaO TIPV UHcHLYHd UHOaWHd WR SRWHQWLaO MPA YLROaWLRQV

AV VWaWHd abRYH, WKH JHQHUaO aSSURacK IRU HYaOXaWLQJ WKH UHVSRQVH RI PHWULcV (H.J., dHQVLW\ RU
bLRPaVV) LV WR UHSOLcaWH daWa cROOHcWLRQ aW SaLUHd VLWHV LQVLdH (LQdH[) aQd RXWVLdH (UHIHUHQcH)
SURWHcWHd aUHaV. TKH RXWVLdH VLWHV aUH PHaQW WR KaYH VLPLOaU HQYLURQPHQWaO aQd HcRORJLcaO
cKaUacWHULVWLcV VR WKaW dLIIHUHQcHV LQ YaULabLOLW\ caQ bH cRPSaUHd RYHU WLPH. SHOHcWLRQ RI
PRQLWRULQJ VLWHV ZaV baVHd RQ a WLHUHd V\VWHP. GLYHQ ORJLVWLcaO aQd ILQaQcLaO LQIHaVLbLOLW\ WR
PRQLWRU aOO MPA VLWHV aQd aVVRcLaWHd UHIHUHQcH VLWHV, WKH AcWLRQ POaQ VHW WKUHH WLHUV IRU
ORQJ-WHUP PaQaJHPHQW aQd PRQLWRULQJ:

Ɣ Tier I (reqXired) - ³TKH\ PHHW PaQ\ RI WKH dHVLJQ cULWHULa QHHdHd IRU HIIHcWLYH SURWHcWLRQ,
aUH ZHOO cRQQHcWHd cRPSRQHQWV RI WKH MPAN, aQd Pa\ KaYH ORQJ WLPH VHULHV RI
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PRQLWRULQJ daWa aQd/RU KaYH H[SHULHQcHd KLJK KLVWRULcaO ILVKLQJ HIIRUW, ZKLcK PaNH WKHVH
MPAV JRRd caQdLdaWHV IRU dHWHcWLQJ WKH SRWHQWLaO HIIHcWV RI SURWHcWLRQ RYHU WLPH. MaQ\ RI
WKH MPAV RQ WKH TLHU I LQdH[ VLWH OLVW aUH VWaWH PaULQH UHVHUYHV, ZKLcK ZHUH dHVLJQaWHd
dXULQJ WKH dHVLJQ SURcHVV WR bH WKH bacNbRQH RI WKH QHWZRUN (CDFW 2016), WKXV
SURYLdLQJ ³aQ LPSURYHd PaULQH OLIH UHVHUYH cRPSRQHQW cRQVLVWHQW ZLWK WKH JXLdHOLQHV IRU
WKH SUHIHUUHd VLWLQJ aOWHUQaWLYH´ (FGC �2853(c)(1)).´

Ɣ Tier II (secondar\) - ³MaQ\ RI WKHVH MPAV UaQNHd KLJK LQ RQH RU WZR RI WKH TXaQWLWaWLYH
PHWKRdV aQd Pa\ bH cRQVLdHUHd YaOXabOH LQdH[ VLWHV IRU PRUH VSHcLILc UHVHaUcK
TXHVWLRQV. TLHU II MPAV caQ bH cRQVLdHUHd IRU ORQJ-WHUP PRQLWRULQJ ZKHQ IXQdLQJ
SHUPLWV, ZKHQ aQ MPA cOXVWHU LV VSOLW bHWZHHQ WLHUV, RU WR KHOS aQVZHU PRUH UHJLRQaOO\
IRcXVHd TXHVWLRQV.´

Ɣ Tier III (WerWiar\) - ³WKLOH YaOXabOH WR WKH NHWZRUN¶V LQWHJULW\, PaQ\ RI WKHVH MPAV aUH
OLPLWHd IRU PRQLWRULQJ SXUSRVHV aW WKLV WLPH dXH WR IHaWXUHV VXcK aV VPaOOHU VL]H, IHZHU
UHSUHVHQWaWLYH KabLWaWV, aUH dLIILcXOW WR accHVV, KaYH OLPLWHd RU QR ORQJ-WHUP PRQLWRULQJ
daWa, RU KaYH PRUH aOORZabOH WaNH ZLWKLQ WKHLU bRXQdaULHV. TLHU III MPAV aUH
UHcRPPHQdHd IRU ORQJ-WHUP PRQLWRULQJ RQO\ WR aQVZHU YHU\ VSHcLILc RU ORcaOL]Hd UHVHaUcK
TXHVWLRQV.´

CaWHJRUL]aWLRQ RI VLWHV LQWR WKH WLHUV ZaV baVHd RQ aQaO\VLV RI baVHOLQH PRQLWRULQJ1. TKH AcWLRQ
POaQ HPSKaVL]HV WKaW WKHVH WLHUV dR QRW LQIHU UHOaWLYH LPSRUWaQcH RI LQdLYLdXaO VLWHV RU MPAV -
WKH\ aUH LQWHQdHd WR UHIOHcW KRZ ZHOO WKH\ aOLJQ ZLWK WKH TXaQWLWaWLYH cULWHULa IRU HacK WLHU. MPA
PaQaJHUV aQd SaUWQHUV aUH LQVWUXcWHd WR SULRULWL]H TLHU I LQdH[ VLWHV WKaW aOLJQ ZLWK SURMHcW
PRQLWRULQJ PHWKRdV, aQd WR aOVR PRQLWRU TLHU II aQd III VLWHV ZKHQ IHaVLbOH.

TKH SURcHVV IRU VHOHcWLRQ RI UHIHUHQcH VLWHV RXWVLdH RI MPAV ZaV aOVR OaLd RXW LQ WKH MaULQH
PURWHcWHd AUHa MRQLWRULQJ AcWLRQ POaQ. RaWKHU WKaQ VSHcLI\ VSHcLILc UHIHUHQcH VLWHV, WKH AcWLRQ
POaQ Oa\V RXW cULWHULa IRU VHOHcWLQJ aSSURSULaWH VLWHV. IQ RUdHU WR HQVXUH WKaW LQVLdH/RXWVLdH
cRPSaULVRQV aUH PHaQLQJIXO, PRQLWRULQJ SaUWQHUV aUH LQVWUXcWHd WR XVH WKH IROORZLQJ cULWHULa aQd
TXaQWLWaWLYHO\ aVVHVV cRPSaWLbLOLW\ ZLWK LQdH[ VLWHV (MaULQH PURWHcWHd AUHa MRQLWRULQJ AcWLRQ
POaQ 2018). TKHVH cULWHULa aQd VXJJHVWHd PHWULcV aUH VXPPaUL]Hd LQ TabOH 5.

Table 5: CULWHULa WR LdHQWLI\ UHIHUHQcH VLWHV RXWVLdH RI MPAV (cRPSLOHd IURP MaULQH PURWHcWHd AUHa
MRQLWRULQJ AcWLRQ POaQ 2018).

CaWegor\ CriWeria SXggesWed MeWrics

BLRWLc FacWRUV EcRORJLcaO cRQdLWLRQV
aW WKH WLPH RI MPA
IPSOHPHQWaWLRQ

IXQcWLRQaO bLRdLYHUVLW\, VSHcLHV cRPSRVLWLRQ,
VSHcLHV dHQVLW\ aQd bLRPaVV, VL]H IUHTXHQc\
dLVWULbXWLRQV

HXPaQ UVHV FLVKLQJ SUHVVXUH aW
WLPH RI MPA

ORcaO ILVKLQJ PRUWaOLW\ IRU
WaUJHWHd VSHcLHV, KLVWRULcaO ILVKLQJ

1 TKH aQaO\VHV WKaW OHad WKH dHVLJQaWLRQ RI VLWHV ZLWKLQ WKH WKUHH WLHUV ZaV baVHd RQ IRXU cULWHULa (MPA
DHVLJQ FHaWXUHV, MPA HLVWRULcaO MRQLWRULQJ, HabLWaW BaVHd CRQQHcWLYLW\, aQd HLJK RHVROXWLRQ MaSSLQJ RI
RHcUHaWLRQaO FLVKLQJ EIIRUW). TKH VcRULQJ aQd aQaO\WLcaO aSSURacK aUH dHWaLOHd LQ WKH MaULQH PURWHcWHd
AUHa MRQLWRULQJ AcWLRQ POaQ (2018), SaJHV 22-25 aQd ASSHQdL[ F.
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LPSOHPHQWaWLRQ HIIRUW, UHJLRQaO SUR[LHV IRU ILVKLQJ HIIRUW (H.J.,
dLVWaQcH IURP SRUW)

NRQ-cRQVXPSWLYH
KXPaQ XVH

W\SH aQd OHYHO RI QRQ-cRQVXPSWLYH XVH (H.J. IURP
MPA WaWcK bHacK VXUYH\V), ZaWHU TXaOLW\,
IUHTXHQc\ RI bRaW aQcKRULQJ

AbLRWLc FacWRUV GHRJUaSK\ SUHVHQcH RI bLRJHRJUaSKLc baUULHUV, dLVWaQcH
bHWZHHQ MPA aQd UHIHUHQcH VLWHV

HabLWaW IHaWXUHV dHSWK, SHUcHQW URcN, UXJRVLW\, KabLWaW cRPSOH[LW\,
PacURaOJaO cRYHU, dLVWULbXWLRQ RI KabLWaW W\SHV

GHRORJ\ XQdHUO\LQJ URcN W\SH (H.J., VKaOH, JUaQLWH), JUaLQ
VL]H, bHQWKLc cRPPXQLW\ VWUXcWXUH, SUR[LPLW\ WR
PaMRU JHRORJLc IHaWXUHV VXcK aV VXbPaULQH
caQ\RQV

PK\VLcaO aQd cKHPLcaO
RcHaQRJUaSK\

SULPaU\ SURdXcWLYLW\/QXWULHQW aYaLOabLOLW\, ZaYH
H[SRVXUH (LQcOXdLQJ dLUHcWLRQ, H[WHQW, aQd
LQWHQVLW\), aQd YaULabLOLW\ aQd VSaWLaO dLVWULbXWLRQ RI
UHOHYaQW d\QaPLcV aQd SURcHVVHV, VXcK aV
XSZHOOLQJ, IURQWV, ULYHU SOXPHV, RcHaQ acLdLILcaWLRQ,
K\SR[La

NeWZork Anal\ses and AdapWiYe ManagemenW

TR VXSSRUW aQaO\VLV RI ORQJ-WHUP PRQLWRULQJ RI WKH CaOLIRUQLa MPAN, WHQ cRQVRUWLXP SURMHcWV
ZHUH VHOHcWHd baVHd RQ a cRPSHWLWLYH SURSRVaO SURcHVV aQd LQIRUPHd b\ WKH baVHOLQH
PRQLWRULQJ UHVXOWV. TKH PRQLWRULQJ SRUWIROLRV IRU WKH cXUUHQWO\ IXQdHd cRQVRUWLa (TabOH 6) UHIOHcWV
WKH cRQWLQXaWLRQ RI WKH KabLWaW UaWKHU WKaQ UHJLRQaO aSSURacK WR PRQLWRULQJ aQd HYaOXaWLRQ.
CaOLIRUQLa UHcHQWO\ OaXQcKHd a MPA MRQLWRULQJ DaWa PRUWaO aV a SXbOLcO\ aYaLOabOH UHSRVLWRU\. AQ
aLP RI WKH SRUWaO LV WR PaNH VcLHQWLILc MPA daWa PRUH accHVVLbOH IRU HYHU\RQH b\ KRXVLQJ aOO
PRQLWRULQJ dRcXPHQWV aQd daWaVHWV aYaLOabOH LQ RQH SOacH.

Table 6: PURMHcWV aQd LQVWLWXWLRQV VHOHcWHd WR VXSSRUW ORQJ-WHUP HYaOXaWLRQ.

MoniWoring PorWfolio Lead InsWiWXWion

RRcN\ LQWHUWLdaO KabLWaWV UQLYHUVLW\ RI CaOLIRUQLa (UC) SaQWa CUX]

KHOS IRUHVW/VKaOORZ URcN\ UHHI KabLWaWV UC SaQWa CUX]

DHHS URcN\ UHHI KabLWaWV SaQ JRVH SWaWH UQLYHUVLW\

SaQd\ bHacK/VXUI ]RQH KabLWaWV UC SaQWa BaUbaUa
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SRcLRHcRQRPLc PRQLWRULQJ SURJUaP IRU
cRQVXPSWLYH KXPaQ XVHV

EcRWUXVW

CaOLIRUQLa CROOabRUaWLYH FLVKHULHV RHVHaUcK
PURJUaP (CFRP)

SaQ JRVH SWaWH UQLYHUVLW\

IQWHJUaWLRQ RI RcHaQRJUaSKLc daWa CaOLIRUQLa OcHaQ ObVHUYLQJ S\VWHPV

AVVHVVPHQW aQd PRQLWRULQJ RI CaOLIRUQLa¶V
HVWXaULHV

SaQ JRVH SWaWH UQLYHUVLW\ RHVHaUcK
FRXQdaWLRQ

DHYHORSPHQW RI PRdHO-dHULYHd cRQQHcWLYLW\ PHWULcV
IRU WKH aVVHVVPHQW

UC SaQWa CUX]

DHYHORSPHQW RI a TULbaO MaULQH SWHZaUdV NHWZRUN
SLORW SURJUaP

CaOLIRUQLa IQdLaQ EQYLURQPHQWaO AOOLaQcH
(CIEA)

IQ addLWLRQ WR HacK cRQVRUWLXP SURdXcLQJ UHSRUWV aQd SXbOLcaWLRQV, a QXPbHU RI bURadHU QHWZRUN
aQaO\WLcaO HIIRUWV KaYH bHHQ XQdHUZa\. While California is a global leader in Waking a neWZork
approach Wo MPAs, e[perWs consXlWed for Whis case sWXd\ indicaWed WhaW Whe\ are sWill
learning ZhaW iW means Wo moniWor and eYalXaWe on a neWZork leYel. A cULWLcaO TXHVWLRQ WKaW
VcLHQWLVWV LQYROYHd ZLWK WKH PRQLWRULQJ SURJUaP KaYH aVNHd LV ZKaW dLIIHUHQWLaWHV PRQLWRULQJ aQd
HYaOXaWLRQ IRU WKH MPAN aV a ZKROH IURP PRQLWRULQJ LQdLYLdXaO MPAV. HRZ PLJKW LW bH SRVVLbOH
WR dHWHcW WKH cRQdLWLRQV RI QHWZRUN-OHYHO HcRORJLcaO IXQcWLRQV? LaUYaO cRQQHcWLYLW\ bHWZHHQ NHOS
IRUHVWV KaV bHHQ a QRYHO aSSURacK WKaW KaV \LHOdHd SURPLVLQJ UHVXOWV IRU QHaU-VKRUH aQLPaOV
(CaUU HW aO. 2017, 2021). OQ WKH RWKHU KaQd, UHcHQW PRdHOLQJ ZRUN KaV QRW bHHQ abOH WR UHSOLcaWH
WKLV aSSURacK IRU MXYHQLOH aQLPaOV WKaW VSaZQ LQ dHHSHU ZaWHUV. WKaW WKLV XOWLPaWHO\ PHaQV IRU
WKH CaOLIRUQLa MPAN LV WKaW cRQQHcWLYLW\ aQd PRYHPHQW bHWZHHQ KabLWaWV LV XQdHUVWRRd IRU
VRPH VSHcLHV bXW QRW RWKHUV. TKHUH LV aQ LQcRPSOHWH XQdHUVWaQdLQJ RI KRZ VSHcLILc VSHcLHV aUH
XVLQJ aUHaV aQd KabLWaWV aORQJ CaOLIRUQLa¶V cRaVW.

TKH MaULQH PURWHcWHd AUHa MRQLWRULQJ AcWLRQ POaQ (2018) aOVR LQcOXdHd VHYHUaO H[aPSOHV RI
QHWZRUN aQaO\VHV WKaW KaYH bHHQ XQdHU dHYHORSPHQW. TKHVH aQaO\VHV IRcXV RQ:

Ɣ PURMHcWLQJ CKaQJHV AQd TKHLU SWaWLVWLcaO DHWHcWabLOLW\ FROORZLQJ MPA IPSOHPHQWaWLRQ
Ɣ IQcRUSRUaWLQJ SSaWLaO DLIIHUHQcHV LQ FLVKLQJ MRUWaOLW\ WR PURMHcW PRSXOaWLRQ RHVSRQVHV WR

MPAV
Ɣ EVWLPaWLQJ WKH TLPH FUaPH RI RHVSRQVH IRU DLIIHUHQW SSHcLHV
Ɣ IQIRUPLQJ LRQJ-THUP MRQLWRULQJ SaPSOLQJ DHVLJQ

TKH LQWHQW RI WKHVH W\SHV RI aQaO\VHV LV WR IHHd LQWR LPSURYHd ORQJ-WHUP PRQLWRULQJ aQd
dHcLVLRQ-PaNLQJ IRU adaSWLYH PaQaJHPHQW (FLJXUH 3). TR daWH, WKH adapWiYe managemenW
process KaV OHd WR VHYHUaO OHJLVOaWLYH aQd UHJXOaWRU\ aPHQdPHQWV (CaOLIRUQLa DHSaUWPHQW RI
FLVK aQd WLOdOLIH 2022). LHJLVOaWLYH aPHQdPHQWV KaYH LQcOXdHd LQcUHaVHd IOH[LbLOLW\ IRU ZLOdOLIH
HQIRUcHPHQW RIILcHUV WR cLWH UHcUHaWLRQaO MPA YLROaWLRQV (AVVHPbO\ BLOO 298, 2015) aV ZHOO aV
cKaQJHV WR SHQaOWLHV IRU LOOHJaO cRPPHUcLaO ILVKHULHV YLROaWLRQV (AVVHPbO\ BLOO 2369, 2018).
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RHJXOaWRU\ aPHQdPHQWV KaYH LQcOXdHd cOaULILcaWLRQ RQ UHJXOaWLRQV UHOaWHd WR VHaVRQaO cORVXUHV
aQd VSHcLaO cORVXUHV, aV ZHOO aV XSdaWHd bRXQdaULHV WR bH LQ OLQH ZLWK aQcHVWUaO WULbaO aUHaV.

FigXre 4: AdaSWLYH PaQaJHPHQW SURcHVV IRU WKH MaULQH LLIH PURWHcWLRQ PURJUaP (IURP CaOLIRUQLa
DHSaUWPHQW RI FLVK aQd WLOdOLIH 2016).

Decadal ReYieZ

FROORZLQJ WKH 2008 dUaIW MaVWHU POaQ, a VHULHV RI 5-\HaU PaQaJHPHQW UHYLHZV ZHUH cRQdXcWHd
IRU HacK UHJLRQ WR HQVXUH WKaW PaQaJHPHQW SOaQV ZHUH bHLQJ LPSOHPHQWHd LQ Za\V WKaW VXSSRUW
WKH QHWZRUN JRaOV (DaZVRQ 2022). TKH UHVXOWV RI WKHVH UHYLHZV OHd WR WKH 2016 MaVWHU POaQ
SUHVcULbLQJ a 10-\HaU PaQaJHPHQW IRU WKH HQWLUH QHWZRUN (CaOLIRUQLa DHSaUWPHQW RI FLVK aQd
WLOdOLIH 2016). TKH dHcadaO UHYLHZ ZaV LQLWLaWHd LQ 2022 aQd cRQVLdHUHd HcRORJLcaO,
VRcLRHcRQRPLc, aQd JRYHUQaQcH aVSHcWV RI WKH QHWZRUN WR LQIRUP WKH adaSWLYH PaQaJHPHQW
SURcHVV. A VHULHV RI UHSRUWV KaYH HPHUJHd IURP WKH dHcadaO UHYLHZ WKaW KHOS WR HYaOXaWH
QHWZRUN SHUIRUPaQcH (TabOH 7). AV WKH MaVWHU POaQ dLd Oa\ RXW JXLdaQcH IRU WKH dHcadaO UHYLHZ,
WKH UHSRUW SUHSaUHd b\ HaOO-AUbHU HW aO. (2021) VHW RXW UHcRPPHQdaWLRQV aQd VcLHQWLILcaOO\
WUacWabOH TXHVWLRQV WR JXLdH WKH QHWZRUN-ZLdH HYaOXaWLRQ.

Table 7: KH\ UHSRUWV IURP WKH CaOLIRUQLa MPAN dHcadaO PaQaJHPHQW UHYLHZ.

ReporW AXWhorship FocXs of EYalXaWion

ScLHQWLILc GXLdaQcH HaOO-AUbHU HW aO. (2021) ➢ PURYLdH TXaQWLWaWLYH, WUacWabOH VcLHQWLILc
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IRU EYaOXaWLQJ
CaOLIRUQLa¶V MaULQH
PURWHcWHd AUHa
NHWZRUN

➢ RHSRUW b\ WKH
OcHaQ PURWHcWLRQ
CRXQcLO ScLHQcH
AdYLVRU\ THaP
WRUNLQJ GURXS aQd
CaOLIRUQLa OcHaQ
ScLHQcH TUXVW

TXHVWLRQV WKaW caQ UHaVRQabO\ bH
aVVHVVHd aW WKH 2022 PaQaJHPHQW
UHYLHZ aQd LQ IXWXUH dHcadaO HYaOXaWLRQV

➢ PURYLdH VcLHQWLILc dHILQLWLRQV RI VHOHcWHd
WHUPV LQ WKH MLPA

➢ PURYLdH PHWKRdV IRU LQWHJUaWLQJ baVHOLQH
MPA PRQLWRULQJ, ORQJ-WHUP MPA
PRQLWRULQJ, aQd RWKHU aYaLOabOH daWa
VWUHaPV

➢ PURYLdH aSSURSULaWH aSSURacKHV IRU
aQVZHULQJ QHWZRUN-ZLdH HYaOXaWLRQ
TXHVWLRQV

➢ IdHQWLI\ VLJQLILcaQW JaSV LQ XQdHUVWaQdLQJ
MPA SHUIRUPaQcH LQ CaOLIRUQLa aQd
UHcRPPHQd PRQLWRULQJ aSSURacKHV WR ILOO
WKRVH JaSV

CaOLIRUQLa¶V MaULQH
PURWHcWHd AUHa
NHWZRUN DHcadaO
MaQaJHPHQW
RHYLHZ

CaOLIRUQLa DHSaUWPHQW
RI FLVK aQd WLOdOLIH
(2022)
➢ IQcOXdHd

cRQWULbXWLRQV IURP
CaOLIRUQLa
DHSaUWPHQW RI FLVK
aQd WLOdOLIH aQd
CaOLIRUQLa OcHaQ
PURWHcWLRQ CRXQcLO

➢ CRPSRQHQWV RI WKH UHYLHZ LQcOXdHd: MPA
MaQaJHPHQW PURJUaP FUaPHZRUN;
RHVHaUcK, MRQLWRULQJ, ScLHQcH
GXLdaQcH; TULbaO CRRUdLQaWLRQ;
SWaNHKROdHU aQd PaUWQHU CRRUdLQaWLRQ;
aQd CaOLIRUQLa DHSaUWPHQW RI FLVK aQd
WLOdOLIH CURVV-PURMHcW CRRUdLQaWLRQ

A S\QWKHVLV RI
EcRORJLcaO aQd
SRcLaO OXWcRPHV
IURP WKH CaOLIRUQLa
MaULQH PURWHcWHd
AUHa (MPA) NHWZRUN

CaVHOOH HW aO. (2022)
➢ WRUNLQJ JURXS

cRRUdLQaWHd b\
NaWLRQaO CHQWHU IRU
EcRORJLcaO AQaO\VLV
aQd S\QWKHVLV
(NCEAS)

SRcLaO aQd HcRORJLcaO aQaO\VHV XVLQJ a
dLYHUVH VHW RI aYaLOabOH PRQLWRULQJ daWa WKaW
addUHVV cULWLcaO MPA SHUIRUPaQcH HYaOXaWLRQ
TXHVWLRQV
➢ FRXU aVSHcWV RI MPA HYaOXaWLRQ:

EcRORJLcaO PHUIRUPaQcH, HabLWaW, COLPaWH
RHVLOLHQcH, aQd HXPaQ EQJaJHPHQW

➢ IQcOXdHV UHcRPPHQdaWLRQV baVHd RQ
HacK IRcaO aVSHcW

AV MPAV aUH dHVLJQHd WR LQIOXHQcH KXPaQ bHKaYLRXUV aQd UHdXcH KXPaQ SUHVVXUHV RQ
HcRV\VWHPV, aSSURacKHV WR PRQLWRULQJ Pa\ ORRN aW cKaQJHV LQ WKRVH SUHVVXUHV (H.J., ILVKLQJ
HIIRUW LQ aQd aURXQd MPAV) RU cKaQJHV LQ UHVSRQVH YaULabOHV. TKH CaOLIRUQLa H[SHULHQcH KaV
VKRZQ WKaW WKH amoXnW of fishing pressXre WhaW occXrred before implemenWaWion of MPAs
and Whe dXraWion WhaW an area has been Xnder proWecWion sWrongl\ inflXence Whe
obserYable oXWcomes (MXUUa\ aQd HHH 2019; NLcNROV HW aO. 2019). SSHcLHV WKaW ZHUH PRUH
KHaYLO\ ILVKHd aUH PRUH OLNHO\ WR UHVSRQd TXLcNO\ WR cRQVHUYaWLRQ PHaVXUHV, ZKLcK LQIRUPV
H[SHcWaWLRQV abRXW VSHcLHV-VSHcLILc RXWcRPHV IURP MPAV aQd WKH MPAN aV a ZKROH (DaZVRQ
2023). AQRWKHU LPSRUWaQW LQVLJKW RI WKH dHcadaO UHYLHZV LV WKaW ORQJ WLPH VHULHV (L.H., ORQJHU WKaQ
10 \HaUV) aUH UHTXLUHd WR VHH PHaQLQJIXO cKaQJHV IRU PRVW VSHcLHV.
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AQRWKHU cRQVLVWHQW PHVVaJH IURP WKH dHcadaO UHYLHZ UHSRUWV ZaV WKaW CaOLIRUQLa QHHdV WR
LPSURYH KXPaQ dLPHQVLRQV PRQLWRULQJ. NHHdHd LPSURYHPHQWV LQcOXdH PRUH HQJaJHPHQW ZLWK
KXPaQ dLPHQVLRQV H[SHUWV aQd ZLWK TULbaO JRYHUQPHQWV. AQ XSdaWHd PRQLWRULQJ SOaQ ZLWK PRUH
KXPaQ dLPHQVLRQV SHUIRUPaQcH PHWULcV LV dXH WR bH ILQaOL]Hd b\ OaWH 2023. AOUHad\ WKH TULbaO
MaULQH SWHZaUdVKLS NHWZRUN - ZKLcK ZaV OaUJHO\ LQVSLUHd b\ WKH IQdLJHQRXV GXaUdLaQV SURJUaP
LQ CaQada - LV bHLQJ HQJaJHd PRUH WKURXJK OLVWHQLQJ VHVVLRQV WR OHaUQ PRUH abRXW KRZ TULbHV
aUH aOUHad\ dRLQJ WKHLU RZQ PRQLWRULQJ aQd ORRNLQJ IRU RSSRUWXQLWLHV WR ZRUN WRZaUdV
cR-PaQaJHPHQW. AQRWKHU HPSKaVLV LQ WKH dHcadaO UHYLHZ ZaV WKH QHHd IRU LPSURYHd
VRcLaO-HcRORJLcaO LQWHJUaWLRQ IRU PRQLWRULQJ. TKH OcHaQ PURWHcWLRQ CRXQcLO ScLHQcH AdYLVRU\
THaP WRUNLQJ GURXS cRQcHSWXaOL]Hd a VRcLaO-HcRORJLcaO IUaPHZRUN ZKLcK HPSKaVL]HV
LQWHUcRQQHcWHdQHVV RI HcRORJLcaO, JRYHUQaQcH, aQd KXPaQ dRPaLQV RI WKH MPAN (FLJXUH 5).
TKH LdHa RI adRSWLQJ a VRcLaO-HcRORJLcaO V\VWHPV IUaPHZRUN LV WR IRVWHU a bURad aQd KROLVWLc
XQdHUVWaQdLQJ RI WKH LQWHUcRQQHcWHd MPAN.

FigXre 5: SRcLaO-HcRORJLcaO IUaPHZRUN dHYHORSHd IRU dHcadaO PaQaJHPHQW UHYLHZ (IURP HaOO-AUbHU HW aO.
2021).

AQRWKHU NH\ UHIOHcWLRQ IURP WKH dHcadaO UHYLHZ LV WKaW LPSOHPHQWaWLRQ RI WKH PRQLWRULQJ SURJUaP
KaSSHQHd UHOaWLYHO\ IaVW. BaVHOLQH daWa cROOHcWLRQ WRRN a QXPbHU RI \HaUV WR cRPSOHWH bXW WKH
UROORXW RI ORQJ-WHUP PRQLWRULQJ bHJaQ bHIRUH WKHUH ZaV a IXOO aSSUHcLaWLRQ RI ZKaW LW PHaQV WR
PRQLWRU WKH QHWZRUN aV a ZKROH. FRU H[aPSOH, aV LW bHcaPH cOHaU WKaW LW ZRXOd QRW bH SRVVLbOH WR
PRQLWRU aOO UHOHYaQW VSHcLHV aQd KabLWaWV (IRU SUacWLcaO aQd ILQaQcLaO UHaVRQV), WKH PRQLWRULQJ
SOaQQLQJ SURcHVV VKLIWHd IURP a VSHcLHV WR a KabLWaW IRcXV aQd IURP 13 KabLWaWV dRZQ WR 7
KabLWaWV. TKH cXUUHQW IRcXV RQ KabLWaWV LV ZKaW WLHV WKH QHWZRUN PRQLWRULQJ WRJHWKHU. TKH H[SHUWV
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ZKR ZH cRQVXOWHd ZLWK aOVR HPSKaVL]Hd WKaW WKH LWHUaWLYH OHaUQLQJ SURcHVV KaV aOVR bHHQ
LPSRUWaQW. WKLOH WKH\ OaPHQWHd LQLWLaO VWXPbOHV ZLWK daWa cROOHcWLRQ, QRZ WKaW PRUH daWa aUH
aYaLOabOH LW LV SRVVLbOH WR XVH QHZ aQaO\WLcaO PHWKRdV WR aQVZHU dLIIHUHQW TXHVWLRQV aQd WKHUH LV
a JUHaWHU aSSUHcLaWLRQ RI WKH YaOXH LQ W\LQJ PRQLWRULQJ JRaOV WR WKH OaUJHU MPAN JRaOV.
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Case SWXd\ 2:

Oregon Marine ReserYes HXman Dimensions
Research Program

The Oregon case sWXd\ Zas aXWhored b\ CrisWen Don (SZell ConsXlWing)

CRPPXQLW\ RXWUHacK, CUHdLW: ODFW
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Ke\ Lessons from Whis Case SWXd\

E[perienced HXman Dimensions ScienWisW DirecWing Research is CriWical Wo SXccess
HaYLQJ a VHQLRU KXPaQ dLPHQVLRQV VcLHQWLVW RQ VWaII, ZLWK H[SHULHQcH LQ aSSOLHd UHVHaUcK
SURJUaPV, ZaV cULWLcaO WR HVWabOLVKLQJ aQd cRQdXcWLQJ a URbXVW KXPaQ dLPHQVLRQV UHVHaUcK
SURJUaP. TKLV OHYHO RI H[SHUWLVH ZaV QHcHVVaU\ WR cRRUdLQaWH SaUWQHUV aQd WR HQVXUH WKaW
SURdXcWV SURYLdHd WR OUHJRQ DHSaUWPHQW RI FLVK aQd WLOdOLIH (ODFW) ZHUH aSSOLcabOH aQd
XVHIXO WR UHVRXUcH PaQaJHUV aQd dHcLVLRQ PaNHUV. IW KaV bHHQ ODFW¶V H[SHULHQcH WKaW KXPaQ
dLPHQVLRQV UHVHaUcK cRQdXcWHd b\ a QRQ-VSHcLaOLVW RU b\ OHVV H[SHULHQcHd SHUVRQQHO KaYH
UHVXOWHd LQ LQaSSOLcabOH UHVHaUcK RXWSXWV.

Look Be\ond Marine InsWiWXWions Wo Find HXman Dimension Academic Research ParWners
AcadHPLc UHVHaUcKHUV ZLWK H[SHUWLVH LQ WKH KXPaQ dLPHQVLRQV RI QaWXUaO UHVRXUcHV aUH RIWHQ
QRW KRXVHd ZLWKLQ PaULQH LQVWLWXWLRQV. FRU H[aPSOH, WKH PaMRULW\ RI ODFW¶V acadHPLc VRcLaO
VcLHQcH UHVHaUcK SaUWQHUV ZHUH LQ dHSaUWPHQWV/VcKRROV RI TRXULVP aQd RHcUHaWLRQ, FRUHVWU\,
PXbOLc PROLc\, AQWKURSRORJ\, aQd PV\cKRORJ\.

Long-Werm CollaboraWions are Ke\ Wo Applied Research and Long-Werm MoniWoring
BXLOdLQJ ORQJ-WHUP UHOaWLRQVKLSV ZLWK UHVHaUcK SaUWQHUV KHOSHd HQVXUH cRQWLQXLW\ LQ daWa VHWV
(LPSRUWaQW IRU ORQJ-WHUP PRQLWRULQJ), aQd SURdXcHd PHaQLQJIXO cRQWULbXWLRQV WR aQ aSSOLHd
UHVHaUcK aQd PaQaJHPHQW SURJUaP.

Working WiWh ParWners is OfWen EssenWial Wo SXccess bXW Comes WiWh Challenges
TKH addLWLRQaO caSacLW\, IXQdLQJ, aQd H[SHUWLVH bURXJKW b\ SaUWQHUV LV RIWHQ HVVHQWLaO WR WKH
VXccHVV RI MPA LPSOHPHQWaWLRQ. WKLOH WKH ODFW MaULQH RHVHUYHV PURJUaP LV IRcXVHd aQd
KHOd WR LPSOHPHQWaWLRQ RI WKH PaULQH UHVHUYH VLWHV aQd PaQdaWHV, WKHLU SaUWQHUV RIWHQ KaYH
addLWLRQaO RbOLJaWLRQV, PaQdaWHV, aQd LQcHQWLYHV bH\RQd WKaW RI WKH PaULQH UHVHUYHV. FRU
H[aPSOH, acadHPLc SaUWQHUV Pa\ bH LQcHQWLYL]Hd WR IRcXV RQ QRYHO UHVHaUcK PHWKRdV, SURYLdLQJ
UHVHaUcK H[SHULHQcHV IRU VWXdHQWV, RU SXbOLVKLQJ WKHLU ILQdLQJV LQ a SHHU UHYLHZHd MRXUQaO ZKLcK
Pa\ QRW aOZa\V bH SHUWLQHQW RU WLPHO\ WR aQ aSSOLHd UHVHaUcK aQd PaQaJHPHQW SURJUaP. ODFW
IRXQd WKaW bXLOdLQJ cROOabRUaWLYH SaUWQHUVKLSV aQd SURMHcWV UHTXLUHV WLPH, IUHTXHQW LQWHUacWLRQV,
aQd cRQVLVWHQc\ LQ SHUVRQQHO WR bXLOd UHOaWLRQVKLSV aQd SURMHcWV WKaW PHHW WKH QHHdV RI bRWK
ODFW¶V SURJUaP aQd WKH SaUWQHU, aQd PHaQLQJIXOO\ cRQWULbXWH WR aQ aSSOLHd UHVHaUcK aQd
PaQaJHPHQW SURJUaP. COHaUO\ dHILQLQJ UROHV aQd UHVSRQVLbLOLWLHV, aQd LQLWLaO HVWabOLVKPHQW RI
ILUP JRaOV IRU daWa PaQaJHPHQW aQd dHadOLQHV IRU dHOLYHUabOHV RU ILQaO UHSRUWV, SURYLdHV a
VWURQJ IRXQdaWLRQ IRU WKH VXccHVV RI cROOabRUaWLRQV (ODFW 2022).

Core FXnding and SWaff are Necessar\ for AWWracWing AddiWional ResoXrces
WLWKRXW cRUH VWaWH IXQdLQJ aQd VWaII, ODFW ZRXOd ORVH WKH abLOLW\ WR aWWUacW SaUWQHUV aQd
addLWLRQaO JUaQW IXQdV. SWaWH IXQdLQJ aQd VWaII dHPRQVWUaWH a cRPPLWPHQW b\ WKH VWaWH, aOORZLQJ
ODFW WR SURYLdH VHHd PRQH\ WR SaUWQHUV IRU SURMHcWV ZKLcK SaUWQHUV caQ WKHQ OHYHUaJH, aQd
aOORZ ODFW WR SURYLdH VXIILcLHQW PaWcK IRU JUaQWV VRXJKW b\ ODFW RU SaUWQHUV. (ODFW 2022).

28



Research WhaW Brings a Voice Wo ImpacWed IndiYidXals is ImporWanW
ODFW IRXQd WKaW TXaOLWaWLYH LQWHUYLHZ UHVHaUcK SURMHcWV ZLWK LQdLYLdXaOV ZKR aUH SHUcHLYHd WR
bH QHJaWLYHO\ LPSacWHd HLWKHU HcRQRPLcaOO\ RU VRcLaOO\ b\ WKH UHVHUYHV KHOSHd bXLOd WUXVW,
SaUWLcXOaUO\ ZLWKLQ WKH ILVKLQJ cRPPXQLW\. TKHVH W\SHV RI UHVHaUcK SURMHcWV XQcRYHU LPSacWV WKaW
ZRXOd RWKHUZLVH QRW bH dHWHcWHd b\ RWKHU PHWKRdV aQd SURYLdH a Za\ IRU LQdLYLdXaOV RU VPaOO
JURXSV RI SHRSOH WR VKaUH WKHLU OLYHd H[SHULHQcH aQd IHHO KHaUd. TKLV UHVHaUcK ZaV OaUJHO\
caUULHd RXW b\ RQH RI ODFW¶V SaUWQHUV LQ aQWKURSRORJ\. SHH WKLV ³RHVHUYHV NHZV´ SRVW RQ VRPH
RI WKH OHVVRQV OHaUQHd IURP TXaOLWaWLYH LQWHUYLHZV ZLWK cRPPHUcLaO aQd cKaUWHU ILVKHUV.

InWrodXcWion

SRcLRHcRQRPLc (KXPaQ dLPHQVLRQV) UHVHaUcK aQd PRQLWRULQJ RI OUHJRQ¶V PaULQH UHVHUYHV KaV
bHHQ RQJRLQJ IRU RYHU a dHcadH. TKLV UHSRUW SURYLdHV aQ RYHUYLHZ RI WKH dHYHORSPHQW aQd
LPSOHPHQWaWLRQ RI WKH HXPaQ DLPHQVLRQV RHVHaUcK PURJUaP HVWabOLVKHd b\ WKH OUHJRQ
DHSaUWPHQW RI FLVK aQd WLOdOLIH (ODFW) aV SaUW RI WKH ORQJ-WHUP PRQLWRULQJ RI OUHJRQ¶V PaULQH
UHVHUYH V\VWHP. TKH UHSRUW aOVR KLJKOLJKWV OHVVRQV OHaUQHd IURP WKH SURJUaP WKaW Pa\ bH RI
YaOXH aQd PRVW aSSOLcabOH WR WKH VWaUW XS aQd LPSOHPHQWaWLRQ RI RWKHU MPA RU ORQJ-WHUP KXPaQ
dLPHQVLRQV PRQLWRULQJ SURJUaPV.

PUHSaUaWLRQ RI WKLV UHSRUW ZaV baVHd RQ SHUVRQaO H[SHULHQcH aQd cRPPXQLcaWLRQV ZLWK ODFW
MaULQH RHVHUYHV PURJUaP VWaII, UHVHaUcK SaUWQHUV, aQd adYLVRUV bHWZHHQ 2009-2022, aV ZHOO aV
WKH MaULQH RHVHUYHV PURJUaP S\QWKHVLV RHSRUW: 2009-2021 (ODFW 2022), HXPaQ DLPHQVLRQV
RHVHaUcK THcKQLcaO ASSHQdL[ (SZHaULQJHQ aQd FR[ 2022), aQd UQLYHUVLW\ AVVHVVPHQW RHSRUW
(HRSI HW aO. 2022a) aOO SURdXcHd aV SaUW RI WKH UHcHQW dHcadaO UHYLHZ RI OUHJRQ¶V MaULQH
RHVHUYHV PURJUaP.

BackgroXnd: Oregon¶s Marine ReserYes

OUHJRQ¶V MaULQH RHVHUYH S\VWHP
IQ 2012, aIWHU a dHcadH RI SOaQQLQJ, WKH VWaWH RI OUHJRQ, USA cRPSOHWHd WKH dHVLJQaWLRQ RI ILYH
PaULQH UHVHUYH VLWHV (VHH PaS). AOO ILYH VLWHV KaYH aW WKHLU cRUH a PaULQH UHVHUYH ZKHUH aOO
H[WUacWLYH acWLYLWLHV, LQcOXdLQJ ILVKLQJ aQd RcHaQ dHYHORSPHQW, aUH SURKLbLWHd. MRVW RI WKH VLWHV
aOVR LQcOXdH RQH RU PRUH, OHVV UHVWULcWLYH MaULQH PURWHcWHd AUHa (MPA) adMacHQW WR WKH UHVHUYH.
AOO ILYH RI WKH VLWHV aUH ORcaWHd ZLWKLQ OUHJRQ VWaWH ZaWHUV (0-3 QaXWLcaO PLOHV IURP OaQd). TKH
VLWHV aUH PaQaJHd aV a V\VWHP2 b\ WKH SWaWH RI OUHJRQ. TKH OUHJRQ LHJLVOaWXUH aSSRLQWHd
ODFW aV WKH OHad aJHQc\ UHVSRQVLbOH IRU RYHUVHHLQJ WKH PaQaJHPHQW aQd VcLHQWLILc PRQLWRULQJ
RI OUHJRQ¶V PaULQH UHVHUYHV.

2 OUHJRQ KaV dHILQHd a ³V\VWHP´ aV a cROOHcWLRQ RI LQdLYLdXaO VLWHV WKaW aUH UHSUHVHQWaWLYH RI PaULQH
KabLWaWV aQd WKaW aUH HcRORJLcaOO\ VLJQLILcaQW ZKHQ WaNHQ aV a ZKROH (OPAC 2008). OUHJRQ¶V PaULQH
UHVHUYHV ZHUH QRW dHVLJQHd WR IXQcWLRQ aV a VcLHQWLILc QHWZRUN.
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OUHJRQ¶V MaULQH RHVHUYH GRaOV
TKH JRaOV IRU OUHJRQ¶V UHVHUYHV aUH WR cRQVHUYH PaULQH KabLWaWV aQd bLRdLYHUVLW\; WR VHUYH aV
VcLHQWLILc UHIHUHQcH VLWHV WR VXSSRUW QHaUVKRUH PaQaJHPHQW aQd WKH adaSWLYH PaQaJHPHQW RI
PaULQH UHVHUYHV; aQd WR aYRLd VLJQLILcaQW adYHUVH VRcLaO aQd HcRQRPLc LPSacWV RQ RcHaQ XVHUV
aQd cRaVWaO cRPPXQLWLHV (OPAC 2008).

LegislaWion And Polic\ GXidance
MaQdaWHV IRU PaULQH UHVHUYHV SOaQQLQJ, dHVLJQaWLRQ, aQd LPSOHPHQWaWLRQ - LQcOXdLQJ PaQdaWHV
IRU VRcLRHcRQRPLc UHVHaUcK - ZHUH VHW b\ WKH OUHJRQ LHJLVOaWXUH LQ HRXVH BLOO 3013 (SaVVHd LQ
2009) aQd SHQaWH BLOO 1510 (SaVVHd LQ 2012). TKH JRaOV aQd RbMHcWLYHV IRU OUHJRQ¶V PaULQH
UHVHUYHV, aORQJ ZLWK SOaQQLQJ aQd LPSOHPHQWaWLRQ SULQcLSOHV aQd JXLdHOLQHV, aUH OaLd RXW LQ
Oregon Marine Reserve Policy Recommendations dHYHORSHd b\ WKH OUHJRQ OcHaQ PROLc\
AdYLVRU\ CRXQcLO (OPAC)3 LQ 2008.

The OdfZ Marine ReserYes Program
TKH ODFW MaULQH RHVHUYHV PURJUaP ZaV HVWabOLVKHd LQ 2009 b\ WKH OUHJRQ LHJLVOaWXUH,
SURYLdLQJ VWaWH IXQdLQJ aQd VWaII dHdLcaWHd WR VXSSRUWLQJ PaULQH UHVHUYHV SOaQQLQJ aQd
LPSOHPHQWaWLRQ. TKH SURJUaP LV UHVSRQVLbOH IRU RYHUVHHLQJ WKH PaQaJHPHQW aQd VcLHQWLILc
PRQLWRULQJ RI OUHJRQ¶V PaULQH UHVHUYH V\VWHP.

SWaff And ParWners
TKH SURJUaP LQcOXdHV a VL[-SHUVRQ LQWHUdLVcLSOLQaU\ WHaP UHVSRQVLbOH IRU HcRORJLcaO PRQLWRULQJ,
VRcLaO aQd HcRQRPLc (KXPaQ dLPHQVLRQV) UHVHaUcK, RXWUHacK, cRPPXQLW\ HQJaJHPHQW,
dHYHORSPHQW RI VLWH PaQaJHPHQW SOaQV, aQd SURYLdLQJ VXSSRUW IRU cRPSOLaQcH aQd HQIRUcHPHQW
RI OUHJRQ¶V PaULQH UHVHUYHV. TKH SURJUaP VKaUHV PaQaJHPHQW UHVSRQVLbLOLWLHV ZLWK WKUHH RWKHU
VWaWH aJHQcLHV aQd ZRUNV ZLWK a YaULHW\ RI SaUWQHUV aQd cRQWUacWRUV IURP acadHPLa, WKH ILVKLQJ
LQdXVWU\, WKH SULYaWH VHcWRU, QRQ-JRYHUQPHQWaO RUJaQL]aWLRQV, aQd ORcaO PaULQH UHVHUYH
cRPPXQLW\ JURXSV WR caUU\ RXW PaQ\ aVSHcWV RI PaULQH UHVHUYHV LPSOHPHQWaWLRQ (FLJXUH 6).

3 OPAC LV a OHJLVOaWLYHO\ PaQdaWHd bRd\ WKaW adYLVHV WKH GRYHUQRU, VWaWH aJHQcLHV, aQd ORcaO
JRYHUQPHQWV RQ PaULQH UHVRXUcH SROLc\ LVVXHV LQ OUHJRQ.
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FigXre 6: SWUXcWXUH RI WKH OUHJRQ MaULQH RHVHUYHV PURJUaP (IURP ODFW 2022). IPSOHPHQWaWLRQ RI
OUHJRQ¶V PaULQH UHVHUYHV LV caUULHd RXW WKURXJK a cHQWUaOL]Hd PaQaJHPHQW VWUXcWXUH OHd b\ ODFW.

BXdgeW
TKH SURJUaP'V bLHQQLaO (WZR-\HaU) bXdJHW LV aSSUR[LPaWHO\ USD$1.8 PLOOLRQ aQd LV SULPaULO\
IXQdHd WKURXJK WKH VWaWH¶V GHQHUaO FXQd (VWaWH Wa[ dROOaUV). TKH SURJUaP aOVR OHYHUaJHV VWaWH
UHVRXUcHV WKURXJK JUaQWV, SaUWQHUV, aQd cRQWUacWV. WKLOH PXcK RI WKH ZRUN LV caUULHd RXW
LQWHUQaOO\ b\ SURJUaP VWaII, a VXbVWaQWLaO SRUWLRQ RI VWaWH IXQdV aUH dLUHcWHd WR SaUWQHUV,
cRQWUacWRUV, VWXdHQWV, aQd SRVWJUadXaWH IHOORZV WR caUU\ RXW PaQ\ aVSHcWV RI ZRUN.

FirsW 10 Years: Program DeYelopmenW And OperaWionali]aWion
MaULQH UHVHUYHV aUH a UHOaWLYHO\ QHZ PaQaJHPHQW WRRO LQ OUHJRQ. TKH ILUVW 10 \HaUV ZaV
SULPaULO\ IRcXVHd RQ dHYHORSLQJ aQd RSHUaWLRQaOL]LQJ WKLV QaVcHQW, ORQJ-WHUP QHaUVKRUH
cRQVHUYaWLRQ aQd PRQLWRULQJ SURJUaP. CHQWUaO WR WKLV LQLWLaO LPSOHPHQWaWLRQ SKaVH ZaV OHaUQLQJ
aQd adaSWLQJ b\ WKH SURJUaP aORQJ WKH Za\. IQ WKH ILUVW ILYH \HaUV ODFW IRcXVHd KHaYLO\ RQ
VXSSRUWLQJ PaULQH UHVHUYHV SOaQQLQJ aQd dHVLJQaWLRQ aV ZHOO aV dHYHORSLQJ, WHVWLQJ, aQd
adaSWLQJ PRQLWRULQJ SURWRcROV aQd WRROV; bXLOdLQJ cROOabRUaWLRQV ZLWK SaUWQHUV; aQd ILQdLQJ Za\V
WR QaYLJaWH aQd VWUHaPOLQH cRPSOH[ IXQdLQJ, VWaIILQJ, aQd cRQWUacWLQJ adPLQLVWUaWLYH SURcHdXUHV.

Program AssessmenW And ReporW To LegislaWXre
AV SaUW RI PaULQH UHVHUYHV adaSWLYH PaQaJHPHQW, SHQaWH BLOO 1510 (2012) UHTXLUHd aQ
aVVHVVPHQW aQd UHSRUW RQ WKH OUHJRQ MaULQH RHVHUYHV PURJUaP dXH WR WKH OUHJRQ LHJLVOaWXUH
LQ HaUO\ 2023. TKH aVVHVVPHQW VHUYHV aV a cKHcN-LQ RQ WKH SURJUaP aQd LPSOHPHQWaWLRQ RI WKH
PaULQH UHVHUYH PaQdaWHV. TKH bLOO VWLSXOaWHd WKH OUHJRQ ScLHQWLILc aQd THcKQLcaO AdYLVRU\
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CRPPLWWHH (STAC)4 ZaV WR VHOHcW a XQLYHUVLW\ WHaP, baVHd aW aQ OUHJRQ SXbOLc XQLYHUVLW\, WR
UHVHaUcK aQd SUHSaUH WKH UHSRUW IRU WKH LHJLVOaWXUH. TKH UHSRUW ZaV WR LQcOXdH:

Ɣ AQ aVVHVVPHQW RI VRcLaO, HcRQRPLc aQd HQYLURQPHQWaO IacWRUV UHOaWHd WR WKH UHVHUYHV aQd
SURWHcWHd aUHaV; aQd

Ɣ RHcRPPHQdaWLRQV IRU adPLQLVWUaWLYH acWLRQV aQd OHJLVOaWLYH SURSRVaOV UHOaWHd WR WKH
UHVHUYHV aQd SURWHcWHd aUHaV; aQd

Ɣ AQ\ RWKHU VcLHQWLILcaOO\ baVHd LQIRUPaWLRQ UHOaWHd WR WKH UHVHUYHV aQd SURWHcWHd aUHaV WKaW
WKH SXbOLc XQLYHUVLW\ dHVcULbHd LQ WKLV VXbVHcWLRQ dHHPV UHOHYaQW RU PaWHULaO.

STAC dHYHORSHd aQ HYaOXaWLRQ IUaPHZRUN aQd cULWHULa WR JXLdH WKH aVVHVVPHQW aQd LVVXHd a
RHTXHVW IRU PURSRVaOV LQ 2021, WR VROLcLW a WHaP RI XQLYHUVLW\ UHVHaUcKHUV. TR IXUWKHU aLd WKH
aVVHVVPHQW, ODFW SURdXcHd WKH Marine Reserves Program Synthesis Report: 2009-2021
(ODFW 2022), SURYLdLQJ a cRPSUHKHQVLYH RYHUYLHZ RI WKH ODFW SURJUaP aQd ILUVW 10 \HaUV RI
PaULQH UHVHUYHV LPSOHPHQWaWLRQ. TKH ODFW S\QWKHVLV RHSRUW ZaV SURYLdHd WR WKH XQLYHUVLW\
WHaP LQ JaQXaU\ 2022. TKH UQLYHUVLW\ AVVHVVPHQW RHSRUW (HRSI HW aO. 2022a) ZaV WKHQ
dHOLYHUHd WR WKH OUHJRQ LHJLVOaWXUH LQ FHbUXaU\ RI 2023.

TKLV dHcadaO SURJUaP aVVHVVPHQW KaV SURYLdHd PaQ\ LQVLJKWV LQWR VXccHVVHV, cKaOOHQJHV, aQd
aUHaV IRU LPSURYHPHQW aV WKH SURJUaP QRZ bHJLQV WR PRYH LQWR WKH QH[W SKaVH RI ORQJ-WHUP
KXPaQ dLPHQVLRQV aQd HcRORJLcaO PRQLWRULQJ, SURJUaP LPSOHPHQWaWLRQ, aQd adaSWLYH
PaQaJHPHQW.

BackgroXnd: ODFW¶s HXman Dimensions Research Program

WhaW Is HXman Dimensions Research?
HXPaQ dLPHQVLRQV UHVHaUcK ORRNV aW WKH dLIIHUHQW Za\V KXPaQV XVH, H[SHULHQcH, YaOXH, aQd
dHSHQd RQ WKH QaWXUaO HQYLURQPHQW. TKLV UHVHaUcK LV LQWHUdLVcLSOLQaU\ aQd dUaZV XSRQ PXOWLSOH
VRcLaO VcLHQcH dLVcLSOLQHV. TKH ODFW MaULQH
RHVHUYHV PURJUaP cUHaWHd a ORQJ-WHUP KXPaQ
dLPHQVLRQV UHVHaUcK SURJUaP LQ RUdHU WR VWXd\ WKH
VRcLaO aQd HcRQRPLc LPSacWV RI OUHJRQ¶V PaULQH
UHVHUYHV, aV PaQdaWHd b\ WKH OUHJRQ LHJLVOaWXUH.

WhaW Has ODFW¶s Research FocXsed On?
TKH PaULQH UHVHUYH JRaOV aQd RbMHcWLYHV SHUWLQHQW WR
KXPaQ dLPHQVLRQV UHVHaUcK SURYLdH WKaW OUHJRQ¶V
UHVHUYHV aUH WR aYoid significanW adYerse social
and economic impacWs on ocean Xsers and
coasWal commXniWies aQd WKaW UHVHaUcK aQd PRQLWRULQJ LQIRUPaWLRQ LV WR bH XVHd WR sXpporW
nearshore managemenW aQd WKH adaSWLYH PaQaJHPHQW RI PaULQH UHVHUYHV (OPAC 2008).

4 TKH OUHJRQ ScLHQWLILc aQd THcKQLcaO AdYLVRU\ CRPPLWWHH (STAC) LV a OHJLVOaWLYHO\ PaQdaWHd bRd\
(ORS 196.451) WKaW SURYLdHV VcLHQWLILc aQd WHcKQLcaO adYLcH aQd UHcRPPHQdaWLRQV WR OPAC aQd VWaWH
aJHQcLHV RQ PaWWHUV UHOaWHd WR RcHaQ aQd QHaUVKRUH UHVRXUcHV.
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FXUWKHU, LPSOHPHQWaWLRQ SULQcLSOHV aQd JXLdHOLQHV SURYLdH WKaW posiWiYe social and economic
impacWs ZLOO bH VRXJKW (OPAC 2008).

DXULQJ WKH ILUVW 10 \HaUV RI PaULQH UHVHUYHV LPSOHPHQWaWLRQ, ODFW¶V UHVHaUcK KaV IRcXVHd RQ
XQdHUVWaQdLQJ aQd dHVcULbLQJ WKH dLIIHUHQW Za\V WKaW UHJLRQV, cRPPXQLWLHV, VRcLaO JURXSV, aQd
LQdLYLdXaOV aUH aIIHcWHd b\ OUHJRQ¶V PaULQH UHVHUYHV. TKH UHVHaUcK ZaV dHVLJQHd WR ORRN aW
SRVVLbOH VRcLaO, HcRQRPLc, aQd cXOWXUaO LPSacWV WR XQdHUVWaQd ZKR LV bHLQJ LPSacWHd aQd KRZ.

Research Program ResoXrces And Approach
AVVHVVLQJ WKH VRcLRHcRQRPLc LPSacWV RI OUHJRQ¶V PaULQH UHVHUYHV KaV UHTXLUHd a bURad-baVHd
LQWHUdLVcLSOLQaU\ UHVHaUcK aSSURacK. TR dR WKLV ODFW KaV ZRUNHd ZLWK acadHPLc aQd SULYaWH
cRQVXOWaQW UHVHaUcK SaUWQHUV, XVLQJ YaULRXV UHVHaUcK PHWKRdV, acURVV PXOWLSOH VRcLaO VcLHQcH
dLVcLSOLQHV ± LQcOXdLQJ ILVKHULHV HcRQRPLcV, UXUaO aQd QaWXUaO UHVRXUcH VRcLRORJ\, VRcLaO
SV\cKRORJ\, aQd aQWKURSRORJ\.

ODFW SWaff And BXdgeW
ODFW¶V UHVHaUcK SURJUaP LQcOXdHV RQH IXOO-WLPH, SHUPaQHQW VWaII SRVLWLRQ dHdLcaWHd WR KXPaQ
dLPHQVLRQV UHVHaUcK. TKH SRVLWLRQ LV ILOOHd b\ a VRcLaO VcLHQWLVW ZLWK H[SHUWLVH aQd H[SHULHQcH LQ
WKH KXPaQ dLPHQVLRQV RI QaWXUaO UHVRXUcHV (H.J. PKD OHYHO ZLWK PRUH WKaQ a dHcadH RI
H[SHULHQcH LQ aSSOLHd KXPaQ dLPHQVLRQV UHVHaUcK). IQ addLWLRQ WR RQH VWaII, WKH SURJUaP KaV a
PRdHVW UHVHaUcK bXdJHW WKaW KaV UaQJHd bHWZHHQ USD$85,000-$126,000 SHU bLHQQLXP WR
VXSSRUW KXPaQ dLPHQVLRQV UHVHaUcK SURMHcWV. TKH PaMRULW\ RI WKH UHVHaUcK bXdJHW JRHV WRZaUdV
cRQWUacWV ZLWK H[WHUQaO cROOabRUaWLYH UHVHaUcK SaUWQHUV.

TKH ODFW VWaII cRQdXcWV VHYHUaO LQWHUQaO UHVHaUcK SURMHcWV aQd VHUYHV aV WKH OHad UHVHaUcK
cRRUdLQaWRU aQd cRQWUacW PaQaJHU IRU aOO H[WHUQaO UHVHaUcK SURMHcWV. A VLJQLILcaQW SRUWLRQ RI VWaII
WLPH LQ WKH ILUVW 10 \HaUV ZaV VSHQW LdHQWLI\LQJ, cRQQHcWLQJ, aQd cXOWLYaWLQJ UHOaWLRQVKLSV ZLWK
H[WHUQaO VRcLaO VcLHQWLVWV.

CollaboraWiYe Research ProjecWs And ConWracWs WiWh ParWners
WLWK WKH H[cHSWLRQ RI VHYHUaO LQWHUQaO UHVHaUcK SURMHcWV, ODFW dHSHQdV RQ SaUWQHUV WR caUU\
RXW PRVW RI WKH KXPaQ dLPHQVLRQV UHVHaUcK. RHVHaUcK SURMHcWV aUH dHVLJQHd LQ cROOabRUaWLRQ
bHWZHHQ ODFW aQd SaUWQHUV, aQd aUH OHd b\ WKH SaUWQHU. ODFW SURYLdHV VWaWH IXQdV IRU
UHVHaUcK SURMHcWV WKURXJK cRQWUacWV RU IQWHU-GRYHUQPHQWaO AJUHHPHQWV (IGAV). PaUWQHUV
cRQWULbXWH VSHcLaOL]Hd H[SHUWLVH aQd RIWHQ addLWLRQaO VWaII, IXQdLQJ, YROXQWHHUV, aQd/RU HTXLSPHQW
WR WKH SURMHcW. AOO SURMHcWV PXVW IROORZ VWaWH cRQWUacWLQJ SROLcLHV aQd SURcHdXUHV WR UHcHLYH aQ\
VWaWH IXQdV SURYLdHd b\ ODFW.

GLYHQ WKH YHU\ PRdHVW ODFW UHVHaUcK bXdJHW aQd bHcaXVH PXcK RI WKH UHVHaUcK bHLQJ
LPSOHPHQWHd ZaV cRQVLdHUHd QRYHO, bRWK IRU WKH VWaWH RI OUHJRQ aQd IRU MPA PRQLWRULQJ,
ODFW RIWHQ SURYLdHd VHHd PRQH\ aQd LQ-NLQd VWaII WLPH IRU SURMHcWV aQd SaUWQHUV ZHUH abOH WR
VHcXUH JUaQWV WR IXQd WKH UHPaLQdHU RI WKH SURMHcWV. GUaQW IXQdV RIWHQ PaWcKHd ODFW¶V
UHVHaUcK bXdJHW HacK bLHQQLXP.
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TR KHOS IRVWHU cROOabRUaWLYH SURMHcWV ZLWK XQLYHUVLWLHV, ODFW IRUPaOL]Hd SaUWQHUVKLSV ZLWK VRPH
acadHPLc LQVWLWXWLRQV. E[aPSOHV LQcOXdHd HVWabOLVKPHQW RI a ORQJ-WHUP (H.J. 10 \HaU) IGA RU
aJHQc\ VWaII KaYLQJ cRXUWHV\ IacXOW\ aSSRLQWPHQWV. TKHVH aUUaQJHPHQWV KHOS cXOWLYaWH RQJRLQJ
UHOaWLRQVKLSV bHWZHHQ acadHPLc aQd ODFW UHVHaUcKHUV, SURYLdLQJ cRQWLQXLW\ acURVV QXPHURXV
SURMHcWV aQd IacLOLWaWLQJ HQJaJHPHQW ZLWK JUadXaWH VWXdHQWV. TKHVH aUUaQJHPHQWV KaYH aOVR
KHOSHd VWUHaPOLQH adPLQLVWUaWLYH SURcHdXUHV aOORZLQJ ODFW WR SURYLdH VWaWH IXQdV WR VXSSRUW
UHVHaUcK, VXSSRUW SRVW-JUadXaWH IHOORZV, aQd WKH VKaULQJ RI UHVRXUcHV bHWZHHQ WKH aJHQc\ aQd
XQLYHUVLWLHV.

WhaW Oregon Did: HXman Dimensions Research

Earl\ SWages: Research Planning

Workshop
IQ 2008, a WHcKQLcaO ZRUNVKRS ZaV RUJaQL]Hd b\ STAC WR UHYLHZ a UaQJH RI HcRQRPLc UHVHaUcK
WRSLcV UHOHYaQW WR WKH PaULQH UHVHUYHV. TKH ZRUNVKRS UHSRUW (HaQQaK aQd SaPSVRQ 2009) ZaV
XVHd WR KHOS LQIRUP ODFW RQ WKH dHYHORSPHQW RI a KXPaQ dLPHQVLRQV UHVHaUcK SURJUaP aQd
ORQJ-WHUP PRQLWRULQJ SOaQ.

MoniWoring Plan DeYelopmenW
FURP 2010 WR 2012, ODFW ZRUNHd ZLWK STAC aQd addLWLRQaO HcRQRPLcV aQd VRcLaO VcLHQcH
H[SHUWV WR dHYLVH WKH Marine Reserves Human Dimensions Monitoring Plan (ODFW 2012,
XSdaWHd 2017) WR JXLdH WKH ORQJ-WHUP KXPaQ dLPHQVLRQV PRQLWRULQJ aQd UHVHaUcK RI OUHJRQ¶V
UHVHUYHV. TKH SOaQ RXWOLQHV WKH PRQLWRULQJ dHVLJQ, UHVHaUcK TXHVWLRQV, aQd PRQLWRULQJ acWLYLWLHV
IRU KXPaQ dLPHQVLRQV UHVHaUcK aQd QRWHV H[LVWLQJ cRPSOHPHQWaU\ UHVHaUcK. TKH PRQLWRULQJ
SOaQ LV VcKHdXOHd WR bH UHYLHZHd aQd XSdaWHd HYHU\ ILYH \HaUV, LQ cRQVXOWaWLRQ ZLWK STAC.

Team Of Science AdYisors
ODFW aOVR dHYLVHd aQ LQIRUPaO, H[SaQdHd WHaP RI WHcKQLcaO adYLVRUV WR KHOS UHILQH WKH
UHVHaUcK aJHQda RYHU WKH HQVXLQJ \HaUV. TKLV LQIRUPaO WHaP PHW aQQXaOO\ WR VKaUH XSdaWHV RQ
cXUUHQW PaULQH UHVHUYH UHOaWHd UHVHaUcK, dLVcXVV UHVHaUcK JaSV, aQd dLVcXVV SRWHQWLaO IXWXUH
cROOabRUaWLRQV. TKH aQQXaO PHHWLQJ aOVR VHUYHd aV aQ LPSRUWaQW IRUXP IRU bXLOdLQJ a cRPPXQLW\
RI VRcLaO VcLHQWLVWV HQJaJHd LQ KXPaQ dLPHQVLRQV RI QaWXUaO UHVRXUcHV ZRUN LQ OUHJRQ.

Research Design
TKH ILUVW WHQ \HaUV RI KXPaQ dLPHQVLRQV UHVHaUcK IRcXVHd RQ cROOHcWLQJ daWa WR aVVHVV WKH
VRcLaO, cXOWXUaO, aQd HcRQRPLc LPSacWV IURP LPSOHPHQWaWLRQ RI WKH PaULQH UHVHUYHV RQ OUHJRQ
UHJLRQV, cRPPXQLWLHV, VRcLaO JURXSV, aQd LQdLYLdXaOV aQd WR VWXd\ ZKaW cKaQJHV Pa\ KaYH
RccXUUHd RYHU WLPH VLQcH WKHLU dHVLJQaWLRQ. TKLV VHcWLRQ SURYLdHV a bULHI dLVcXVVLRQ RI WKH
KXPaQ dLPHQVLRQV UHVHaUcK SURJUaP dHVLJQ aV LPSOHPHQWHd b\ ODFW. TabOH 8 SURYLdHV aQ
RYHUYLHZ RI WKH SURJUaP UHVHaUcK dHVLJQ.
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Table 8: OYHUYLHZ RI HXPaQ DLPHQVLRQV RHVHaUcK PURJUaP DHVLJQ

T\pes of ImpacWs
SRcLaO
EcRQRPLc
CXOWXUaO

ImpacWs On
RHJLRQV
CRPPXQLWLHV
SRcLaO JURXSV
IQdLYLdXaOV

Research QXesWions
1. AUH SHRSOH NQRZOHdJHabOH abRXW WKH PaULQH UHVHUYHV?
2. WKaW aUH WKH SXbOLc¶V aWWLWXdHV abRXW WKH PaULQH

UHVHUYHV?
3. WKaW aUH WKH HcRQRPLc LPSacWV RI WKH PaULQH UHVHUYHV

RQ ILVKHUPHQ?
4. WKaW aUH RWKHU VLJQLILcaQW HcRQRPLc LPSacWV RI WKH

PaULQH UHVHUYHV RQ ORcaO cRPPXQLWLHV?
5. WKaW aUH WKH VRcLaO LPSacWV RI WKH PaULQH UHVHUYHV?

Broader Research QXesWions
1. HRZ dR VRcLaO aQd cXOWXUaO YaOXHV VKaSH WKH Za\

cRPPXQLWLHV PaQaJH aQd UHOaWH WR WKH RcHaQ?
2. HRZ dR cRaVWaO cRPPXQLWLHV adaSW WR VRcLaO, SROLWLcaO, RU

HcRORJLcaO cKaQJH?
3. UQdHU ZKaW cLUcXPVWaQcHV LV LW SRVVLbOH IRU dLIIHUHQW

VWaNHKROdHU JURXSV WR cRPH WRJHWKHU aQd PaNH dLIILcXOW
dHcLVLRQV abRXW RcHaQ PaQaJHPHQW?

4. HRZ dR ZH bXLOd cRPPXQLW\ UHVLOLHQcH WR ULVN?

FoXr Areas of Research FocXs
1. SRcLaO aQd EcRQRPLc CKaUacWHUL]aWLRQV RI CRPPXQLWLHV
2. DLUHcW UVHV RI CRaVWaO aQd MaULQH RHVHUYH AUHaV

a. FLVKHULHV
b. RHcUHaWLRQ aQd AHVWKHWLc EQJaJHPHQW

3. AWWLWXdHV aQd PHUcHSWLRQV RI IPSOHPHQWaWLRQ aQd
MaQaJHPHQW

4. AVVHVVPHQW RI SRcLaO aQd EQYLURQPHQWaO (NRQ-MaUNHW)
VaOXHV

ComplemenWar\ InWerdisciplinar\ Research
Ɣ FLVKHULHV HcRQRPLcV
Ɣ RXUaO aQd QaWXUaO UHVRXUcH VRcLRORJ\
Ɣ SRcLaO SV\cKRORJ\
Ɣ AQWKURSRORJ\
Ɣ PROLWLcaO VcLHQcH

Tools and MeWhods
Ɣ SXUYH\V

(PL[Hd PHWKRdV VXUYH\V, LQWHUcHSW VXUYH\V, SaUWLcLSaWRU\ GIS VXUYH\V)
Ɣ PUHVVXUH cRXQWV

(RbVHUYaWLRQaO VXUYH\V)
Ɣ EcRQRPLc PRdHOLQJ aQd UHOaWHd daWa aJJUHJaWLRQ
Ɣ CRPPXQLW\ VWXdLHV

(HWKQRJUaSKLHV, cRPPXQLW\ caVH VWXdLHV)
Ɣ AQaO\VHV RI VHcRQdaU\ daWa

(WLPH VHULHV aQaO\VHV)
Ɣ IQdLYLdXaO LQWHUYLHZV

T\pes of DaWa
Ɣ QXaQWLWaWLYH
Ɣ QXaOLWaWLYH
Ɣ PULPaU\ daWa
Ɣ SHcRQdaU\ daWa

DaWa Anal\ses
Ɣ RHJLRQaO HcRQRPLc LPSacW (REI)
Ɣ TLPH VHULHV
Ɣ DLIIHUHQcH-LQ-dLIIHUHQcHV (DID)
Ɣ S\QWKHWLc cRQWURO
Ɣ CRPSaUaWLYH
Ɣ QXaOLWaWLYH

MXlWiple-lines of EYidence Across SWXdies
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Research QXesWions
BaVHd RQ WKH OPAC SROLc\ UHcRPPHQdaWLRQV, WKH IROORZLQJ UHVHaUcK TXHVWLRQV ZHUH dHYHORSHd
b\ ODFW LQ cRQVXOWaWLRQ ZLWK STAC aQd addLWLRQaO H[SHUWV.

1. AUH SHRSOH NQRZOHdJHabOH abRXW WKH PaULQH UHVHUYHV?
2. WKaW aUH WKH SXbOLc¶V aWWLWXdHV abRXW WKH PaULQH UHVHUYHV?
3. WKaW aUH WKH HcRQRPLc LPSacWV RI WKH PaULQH UHVHUYHV RQ ILVKHUPHQ?
4. WKaW aUH RWKHU VLJQLILcaQW HcRQRPLc LPSacWV RI WKH PaULQH UHVHUYHV RQ ORcaO

cRPPXQLWLHV?
5. WKaW aUH WKH VRcLaO LPSacWV RI WKH PaULQH UHVHUYHV?

AddLWLRQaOO\, dR WKHVH cKaQJH RYHU WLPH aQd aUH ORQJ-WHUP LPSacWV dLIIHUHQW IURP VKRUW-WHUP RU
LQLWLaO LPSacWV?

ODFW aOVR dHYHORSHd a VHW RI bURadHU UHVHaUcK TXHVWLRQV aLPHd aW LQcUHaVLQJ NQRZOHdJH
aQd XQdHUVWaQdLQJ RI VRcLaO UHOaWLRQVKLSV WKaW caQ bH XVHd WR VXSSRUW QHaUVKRUH UHVRXUcH
PaQaJHPHQW aQd SROLc\ LQ WKH IXWXUH.

1. HRZ dR VRcLaO aQd cXOWXUaO YaOXHV VKaSH WKH Za\ cRPPXQLWLHV PaQaJH aQd UHOaWH WR WKH
RcHaQ?

2. HRZ dR cRaVWaO cRPPXQLWLHV adaSW WR VRcLaO, SROLWLcaO, RU HcRORJLcaO cKaQJH?
3. UQdHU ZKaW cLUcXPVWaQcHV LV LW SRVVLbOH IRU dLIIHUHQW VWaNHKROdHU JURXSV WR cRPH

WRJHWKHU aQd PaNH dLIILcXOW dHcLVLRQV abRXW RcHaQ PaQaJHPHQW?
4. HRZ dR ZH bXLOd cRPPXQLW\ UHVLOLHQcH WR ULVN?

FocXs Research In FoXr Areas
TKH PRQLWRULQJ SOaQV LdHQWLILHd, aQd UHVHaUcK SURMHcWV ZHUH dHYHORSHd aURXQd, IRXU aUHaV RI
UHVHaUcK:

1. Social and Economic CharacWeri]aWions of CommXniWies. CROOHcW baVHOLQH
LQIRUPaWLRQ WR dHYHORS VRcLaO, cXOWXUaO, aQd HcRQRPLc cKaUacWHUL]aWLRQV RI cRPPXQLWLHV RI
SOacH (H.J. WRZQV, SRUWV) aQd WKH ILVKLQJ RccXSaWLRQaO cRPPXQLW\ (L.H. cRPPHUcLaO aQd
cKaUWHU ILVKLQJ) ORcaWHd RQ WKH cRaVW aQd LQ SUR[LPLW\ WR PaULQH UHVHUYH VLWHV. CRQdXcW
VXbVHTXHQW cRPPXQLW\ VWXdLHV aQd XVH UHOaWHd VHcRQdaU\ daWa WR SURYLdH LQIRUPaWLRQ WKaW
caQ bH XVHd WR aVVHVV WUHQdV LQ VRcLaO ZHOIaUH aQd HcRQRPLc cRQdLWLRQV RI cRaVWaO
cRPPXQLWLHV.

2. DirecW Uses of CoasWal and Marine ReserYe Areas.
FLVKHULHV: CRQdXcW VWXdLHV aQd XVH VHcRQdaU\ daWa WKaW aOORZ aVVHVVPHQW RI WUHQdV RYHU
WLPH aPRQJ cRPPHUcLaO, cKaUWHU, aQd UHcUHaWLRQaO ILVKHULHV UHOaWHd WR WKH PaULQH UHVHUYHV.
IdHQWLI\ SK\VLcaO aUHaV RI XVH aQd ZKLcK ILVKHULHV ZHUH cRQdXcWHd LQ WKH aUHaV. IdHQWLI\

36



ZKLcK aQd KRZ cRPPXQLWLHV aQd LQdLYLdXaOV Pa\ bH aIIHcWHd IURP dLVSOacHPHQW RU
dLVUXSWLRQ RI WKHVH acWLYLWLHV.
RHcUHaWLRQ aQd AHVWKHWLc EQJaJHPHQW: SWXdLHV WR XQdHUVWaQd RWKHU W\SHV RI UHcUHaWLRQaO
XVH aQd aHVWKHWLc HQJaJHPHQW ZLWK WKH cRaVW. UQdHUVWaQd ZKaW XVHV SUHVHQWO\ H[LVW aQd
PRQLWRU cKaQJHV WKaW Pa\ RccXU ZLWK LPSOHPHQWaWLRQ RI WKH PaULQH UHVHUYH VLWHV. CROOHcW
VRcLaO aQd HcRQRPLc daWa IURP XVHUV RI WKH aUHaV.

3. AWWiWXdes and PercepWions of ImplemenWaWion and ManagemenW. SWXdLHV WR adYaQcH
XQdHUVWaQdLQJ RI WKH NQRZOHdJH, aWWLWXdHV, aQd SHUcHSWLRQV RI UHVLdHQWV RI cRPPXQLWLHV RI
SOacH (JHRJUaSKLc cRaVWaO cRPPXQLWLHV), cRPPXQLWLHV RI LQWHUHVW (VWaNHKROdHUV), aQd WKH
JHQHUaO SXbOLc (OUHJRQ UHVLdHQWV) WRZaUd PaULQH UHVHUYHV aQd PaQaJHPHQW. SXbVHTXHQW
LWHUaWLRQV RI VWXdLHV VKRXOd aOORZ IRU cRPSaULVRQV ZLWK HaUOLHU baVHOLQH daWa.

4. AssessmenW of Social and EnYironmenWal (Non-MarkeW) ValXes. SWXdLHV WR adYaQcH
WKH XQdHUVWaQdLQJ RI KRZ OUHJRQ UHVLdHQWV YaOXH WKH RcHaQ aQd WKH PaULQH UHVHUYH VLWHV.
RHVHaUcK WKaW H[aPLQHV WKH YaOXHV aVVRcLaWHd ZLWK WKH QaWXUaO UHVRXUcHV aQd HcRORJLcaO
cKaUacWHULVWLcV RI WKHVH aUHaV. HRZ YaOXHV Pa\ bH dLIIHUHQW acURVV VWaNHKROdHUV,
cRPPXQLWLHV, aQd aPRQJ WKH JHQHUaO SXbOLc.

ComplemenWar\ InWerdisciplinar\ Research ProjecWs - MXlWiple Lines Of EYidence
TR addUHVV WKH UHVHaUcK TXHVWLRQV aQd cRYHU WKH IRXU aUHaV RI UHVHaUcK PHQWLRQHd abRYH,
ODFW aQd SaUWQHUV VHW RXW WR HPSOR\ a UaQJH RI VRcLaO VcLHQcH UHVHaUcK PHWKRdV aQd WRROV,
acURVV PXOWLSOH VRcLaO VcLHQcH dLVcLSOLQHV. DLIIHUHQW VRcLaO VcLHQcH dLVcLSOLQHV caQ SURYLdH
dLIIHUHQW WRROV WR addUHVV WKH VaPH UHVHaUcK TXHVWLRQ. TKHVH dLYHUVH WKUHadV RI dLVcLSOLQaU\
HYLdHQcH caQ WKHQ bH cRPSaUHd aQd HLWKHU cRUURbRUaWH RU cKaOOHQJH WKH cRQcOXVLRQV dUaZQ IURP
aQRWKHU OLQH RI LQTXLU\. TR daWH, ODFW aQd SaUWQHUV KaYH cRQdXcWHd 17 UHVHaUcK SURMHcWV (TabOH
9). ODFW NHHSV a PaVWHU OLVW RI aOO KXPaQ dLPHQVLRQV UHVHaUcK SURMHcWV, ZLWK OLQNV WR UHSRUWV
aQd SXbOLcaWLRQV IURP HacK SURMHcW, RQ WKH ³RHVRXUcH LLbUaU\´ SaJH RI WKHLU ZHbVLWH
RUHJRQPaULQHUHVHUYHV.cRP.

Table 9: LLVW RI HXPaQ DLPHQVLRQV RHVHaUcK PURMHcWV CRQdXcWHd b\ ODFW aQd PaUWQHUV BHWZHHQ
2010-2021, AUUaQJHd b\ RHVHaUcK FRcXV AUHa

1. CHARACTERIZATIONS OF COMMUNITIES
A. CRaVWaO CRPPXQLW\ PURILOHV - FLVKLQJ OccXSaWLRQaO PURILOHV
B. CRaVWaO CRPPXQLW\ PURILOHV - BacNJURXQd IQIRUPaWLRQ (XVLQJ VHcRQdaU\ daWa)
C. CRaVWaO CRPPXQLW\ PURILOHV - CRPPXQLW\ RHVLOLHQcH, AdaSWaWLRQ, aQd CRPPXQLcaWLRQ

2. DIRECT USES OF COASTAL ENVIRONMENTS
Fishing, RecreaWion, and AesWheWic EngagemenW
A. MRdHOLQJ WKH EcRQRPLc IPSacWV RI FLVKLQJ RHVWULcWLRQV
B. VLVLWRU CRXQWV aQd SXUYH\V
C. OcHaQ AZaUHQHVV VLVLWRU SXUYH\
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D. FLVKLQJ EIIRUW SKLIW - FLVKHUPHQ IQWHUYLHZV aQd DLUHcW ObVHUYaWLRQV
E. FLVKLQJ EIIRUW SKLIW - SXUYH\
F. RHcUHaWLRQaO FLVKHU SXUYH\: KQRZOHdJH, AWWLWXdHV, PHUcHSWLRQV, aQd IPSacWV WR
PaUWLcLSaWLRQ
G. EcRQRPLc IPSacW IURP RHVHaUcK AcWLYLWLHV
H. CRaVWaO CRPPXQLWLHV: DLIIHUHQcH-LQ-DLIIHUHQcHV aQd S\QWKHWLc CRQWURO ASSURacK WR
DHWHcWLQJ SRcLRHcRQRPLc IPSacWV

3. ATTITUDES AND PERCEPTIONS OF IMPLEMENTATION & MANAGEMENT
A. OUHJRQ RHVLdHQWV¶ AWWLWXdHV aQd PHUcHSWLRQV SXUYH\V
B. CRaVWaO CRPPXQLW\ RHVLOLHQcH aQd SXbMHcWLYH WHOObHLQJ
C. FLVKLQJ CRPPXQLW\ RHVLOLHQcH RHOaWHd WR MaULQH RHVHUYH IPSOHPHQWaWLRQ
D. BXVLQHVV SXUYH\V

4. SOCIAL AND ENVIRONMENTAL (NON-MARKET) VALUES
A. OUHJRQLaQ¶V PHUVSHcWLYHV RQ MaULQH CRQVHUYaWLRQ: SWaWHZLdH SXUYH\ RI SRcLaO VaOXHV,
AWWLWXdHV, aQd OSLQLRQV
B. RHVLdHQW¶V PHUcHLYHd VaOXHV RI EcRV\VWHP SHUYLcHV

View ODFW¶s Master List of all human dimensions research projects, with links to reports and
publications.

TKH IROORZLQJ VHcWLRQV KLJKOLJKW UHVHaUcK WRROV aQd PHWKRdV, W\SHV RI daWa, aQd W\SHV RI
aQaO\VHV XVHd LQ WKH YaULRXV KXPaQ dLPHQVLRQV UHVHaUcK SURMHcWV.

Research Tools and MeWhods
TKH IROORZLQJ VRcLaO VcLHQcH UHVHaUcK WRROV aQd PHWKRdV KaYH bHHQ XVHd b\ ODFW aQd
SaUWQHUV:

1. SXUYH\V (PL[Hd PHWKRdV VXUYH\V, LQWHUcHSW VXUYH\V, SaUWLcLSaWRU\ GIS VXUYH\V)
2. PUHVVXUH cRXQWV (RbVHUYaWLRQaO VXUYH\V)
3. EcRQRPLc PRdHOLQJ aQd UHOaWHd daWa aJJUHJaWLRQ
4. CRPPXQLW\ VWXdLHV (HWKQRJUaSKLHV, cRPPXQLW\ caVH VWXdLHV)
5. AQaO\VHV RI VHcRQdaU\ daWa (WLPH VHULHV aQaO\VHV)
6. IQdLYLdXaO LQWHUYLHZV

QXanWiWaWiYe and QXaliWaWiYe DaWa
SRPH UHVHaUcK SURMHcWV SURYLdH TXaQWLWaWLYH LQIRUPaWLRQ, ZKLOH RWKHUV SURYLdH TXaOLWaWLYH RU
dHVcULSWLYH LQIRUPaWLRQ. QXaOLWaWLYH daWa aUH RIWHQ abOH WR SURYLdH addLWLRQaO cRQWH[W WR
TXaQWLWaWLYH ILQdLQJV RU caQ dULOO dRZQ aQd XQcRYHU LPSacWV WKaW ZRXOd QRW KaYH RWKHUZLVH bHHQ
dHWHcWHd LQ TXaQWLWaWLYH VWXdLHV, VXcK aV LPSacWV RQ LQdLYLdXaOV RU VRPH RI WKH VRcLaO LPSacWV
WKaW UHVXOW IURP MPA LPSOHPHQWaWLRQ.
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Primar\ and Secondar\ DaWa
MaQ\ VWXdLHV cROOHcW aQd XVH SULPaU\ daWa, JHQHUaOO\ VXUYH\ daWa RU LQWHUYLHZV cROOHcWHd b\
ODFW VWaII RU UHVHaUcK SaUWQHUV. TKHVH daWa aUH cROOHcWHd dLUHcWO\ IURP SaUWLcLSaQWV (L.H.
UHVHaUcK VXbMHcWV) HLWKHU IURP UaQdRP VaPSOHV (PaLO, PL[Hd PRdH, LQWHUQHW, aQd LQWHUcHSW
VXUYH\V) RU IURP YROXQWHHU LQdLYLdXaOV XVLQJ TXaOLWaWLYH PHWKRdV VXcK aV VQRZbaOO VaPSOLQJ
(VHPL-VWUXcWXUHd TXaOLWaWLYH LQWHUYLHZV RI LQdLYLdXaOV) RU, LQ a IHZ LQVWaQcHV, UHTXHVWV IRU
YROXQWHHUV (a SaUWLcLSaWRU\ GIS VXUYH\, VRPH LQWHUYLHZ SURWRcROV). OWKHU VWXdLHV, VXcK aV
HcRQRPLc PRdHOV aQd WLPH VHULHV aQaO\VHV, aUH baVHd RQ SUHH[LVWLQJ VHcRQdaU\ daWa (H.J.
ILVKHULHV OaQdLQJV daWa RU U.S. CHQVXV daWa) (SZHaULQJHQ aQd FR[ 2022).

DaWa Anal\ses
T\SHV RI daWa aQaO\VHV XVHd LQcOXdH UHJLRQaO HcRQRPLc LPSacW (REI), WLPH VHULHV,
dLIIHUHQcH-LQ-dLIIHUHQcHV (DID), V\QWKHWLc cRQWURO, cRPSaUaWLYH, aQd TXaOLWaWLYH aQaO\VHV.

DaWa CollecWion
RHVHaUcK VWXdLHV ZHUH cRQdXcWHd SULRU WR aQd WKHQ VXbVHTXHQW WR PaULQH UHVHUYH dHVLJQaWLRQV.
BaVHOLQH daWa cROOHcWLRQ ZaV LQLWLaWHd IURP 2009 WR 2016. AIWHU 2017, WKH UHVHaUcK IRcXV ZaV
adaSWHd WR HPSKaVL]H cRPSaUaWLYH ORQJLWXdLQaO VWXdLHV, ZLWK OHVV HPSKaVLV RQ baVHOLQH
cKaUacWHUL]aWLRQ RI RcHaQ XVHUV aQd cRaVWaO cRPPXQLWLHV (SZHaULQJHQ aQd FR[ 2022).

SRPH daWa ZHUH cRQWLQXRXV daWa VWUHaPV, VXcK aV VHcRQdaU\ dHPRJUaSKLc aQd HcRQRPLc daWa
(H.J., ILVKHULHV OaQdLQJV, U.S. CHQVXV daWa). MaQ\ UHVHaUcK VWXdLHV ZHUH a VHULHV RI dLVcUHWH
UHVHaUcK SURMHcWV, VXcK aV YLVLWRU LQWHUcHSW VXUYH\V, UHSHaWHd RYHU WLPH. OWKHU VWXdLHV cROOHcWHd
RQH-WLPH TXaOLWaWLYH daWa VXcK aV HWKQRJUaSKLc cRPPXQLW\ VWXdLHV (SZHaULQJHQ aQd FR[ 2022).

Ke\ IndicaWors

OUHJRQ¶V JRaOV aQd RbMHcWLYHV VWaWH WKaW WKH UHVHUYHV aUH WR aYRLd significanW adYerse VRcLaO
aQd HcRQRPLc LPSacWV RQ RcHaQ XVHUV aQd cRaVWaO cRPPXQLWLHV. TKH SULQcLSOHV aQd JXLdHOLQHV
IXUWKHU SURYLdH WKaW posiWiYe VRcLaO aQd HcRQRPLc LPSacWV ZLOO bH VRXJKW. IQ WKLV cRQWH[W,
dHWHUPLQaWLRQ RI ZKaW cRQVWLWXWHV ³VLJQLILcaQW´ LV a SROLc\ dHcLVLRQ, QRW a VcLHQWLILc UHVHaUcK
dHcLVLRQ. ³SLJQLILcaQW´ ZaV QRW dHILQHd b\ HLWKHU OPAC RU WKH OUHJRQ LHJLVOaWXUH. FXUWKHUPRUH,
WUadHRIIV aUH cRPPRQ LQ QaWXUaO UHVRXUcH SROLc\ dHcLVLRQV aQd ZKHWKHU WKH UHVXOWLQJ LPSacWV aUH
SHUcHLYHd aV ³adYHUVH´ RU ³SRVLWLYH" RIWHQ dHSHQdV RQ WKH SHUVSHcWLYHV RI WKH SaUWLHV LQYROYHd.
FLQaOO\, WKH PaQdaWH WR aVVHVV WKH VRcLRHcRQRPLc LPSacWV RI WKH PaULQH UHVHUYHV ZaV
H[cHSWLRQaOO\ bURad.

GLYHQ WKHVH cKaOOHQJHV, ODFW PadH WKH dHcLVLRQ WKaW LQVWHad RI VHOHcWLQJ NH\ LQdLcaWRUV,
dXULQJ WKH LQLWLaO 10 \HaUV RI LPSOHPHQWaWLRQ OHadLQJ XS WR WKH SURJUaP aVVHVVPHQW, WKH\ ZRXOd
caVW a ZLdH QHW WR dHWHcW aQd dHVcULbH WKH dLIIHUHQW social, economic and cXlWXral impacWs
WKaW KaYH RccXUUHd RQ regions, commXniWies, social groXps, and indiYidXals WR JHW a bHWWHU
XQdHUVWaQdLQJ ZKR LV bHLQJ LPSacWHd aQd KRZ.
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MoYing ForZard: DeYelopmenW Of Ke\ IndicaWors
AIWHU 10 \HaUV RI UHVHaUcK WKHUH LV QRZ a baVHOLQH XQdHUVWaQdLQJ RI ZKR LV bHLQJ aIIHcWHd b\ WKH
PaULQH UHVHUYHV aQd KRZ. TKH UQLYHUVLW\ AVVHVVPHQW RHSRUW (HRSI HW aO. 2022a) UHcRPPHQdHd
WKaW, PRYLQJ IRUZaUd, ODFW dHOLQHaWH a cROOabRUaWLYH SURcHVV WKURXJK ZKLcK VRcLaO PRQLWRULQJ
daWa caQ bH LQWHUSUHWHd WR aIIHcW SROLc\ dHcLVLRQV (L.H. ZKaW cRQVWLWXWHV ³VLJQLILcaQW´ aQd
³adYHUVH"). IW aOVR UHcRPPHQdV WKH cROOabRUaWLYH SURcHVV bH XVHd WR cOaULI\ ZKR WKH VWaWH RI
OUHJRQ LV cRQcHUQHd ZLWK LPSacWLQJ aQd LQ ZKaW Za\V. TKLV ZLOO WKHQ bH XVHd b\ ODFW WR
dHYHORS aQ adaSWLYH PaQaJHPHQW SOaQ WKaW LQcOXdHV LdHQWLILcaWLRQ RI cRQVLVWHQW PHaVXUabOH
LQdLcaWRUV RI VRcLaO LPSacWV.

DaWa ManagemenW
IQ PRVW LQVWaQcHV, HacK PULQcLSOH IQYHVWLJaWRU NHSW aQd PaQaJHd WKH daWa IURP WKH UHVHaUcK
SURMHcW WKH\ ZHUH OHadLQJ. MXcK RI WKLV UHVHaUcK LQYROYHV KXPaQ VXbMHcWV aQd XQLYHUVLW\
UHVHaUcKHUV PXVW KaYH WKHLU UHVHaUcK SUH-aSSURYHd b\ WKHLU IQVWLWXWLRQaO RHYLHZ BRaUd (IRB), aQ
adPLQLVWUaWLYH bRd\ HVWabOLVKHd WR KHOS WR SURWHcW WKH ULJKWV aQd ZHOIaUH RI KXPaQ UHVHaUcK
SaUWLcLSaQWV. TKHUH aUH RIWHQ VWULcW cRQILdHQWLaOLW\ UXOHV aURXQd KXPaQ VXbMHcWV daWa. IQ addLWLRQ,
PXcK RI WKH ILVKHULHV daWa XVHd cRPH IURP ODFW ILVKHULHV PaQaJHPHQW SURJUaPV RU WKH U.S.
IHdHUaO JRYHUQPHQW aQd KaYH VWULcW cRQILdHQWLaOLW\ UXOHV aQd WHUPV RI XVH. FRUPaO daWa UHTXHVWV
Pa\ bH PadH WR ODFW, IRU WKRVH daWa aVVRcLaWHd ZLWK ODFW OHd UHVHaUcK SURMHcWV aQd daWa
aJUHHPHQWV

DaWa Anal\sis And S\nWhesis

IndiYidXal ProjecWs
AW WKH HQd RI HacK UHVHaUcK SURMHcW RU SURMHcW SKaVH (IRU VWXdLHV UHSHaWHd RYHU WLPH) daWa ZHUH
aQaO\]Hd aQd a SURMHcW UHSRUW ZaV dHYHORSHd aQd SURYLdHd WR ODFW. AOO UHSRUWV ZHUH UHYLHZHd
aQd aSSURYHd b\ ODFW bHIRUH bHLQJ ILQaOL]Hd.

S\nWhesis
AOWKRXJK WKH KXPaQ dLPHQVLRQV PRQLWRULQJ SOaQ (ODFW 2012, XSdaWHd 2017) dHILQHd WKH
UHVHaUcK TXHVWLRQV WKaW dURYH KXPaQ dLPHQVLRQV daWa cROOHcWLRQ, WKHUH ZHUH QR dHWaLOV abRXW
KRZ WKRVH daWa ZRXOd bH XVHd dXULQJ WKH SURJUaP aVVHVVPHQW SURcHVV. MRVW RI WKH daWa
cROOHcWHd XVLQJ WKH YaULRXV dLVcLSOLQHV aQd UHVHaUcK WRROV ZRXOd bH cRPSaUHd RYHU WLPH, ZLWK
baVHOLQH daWa cRPSaUHd WR WKH PRVW UHcHQW daWa aYaLOabOH OHadLQJ XS WR WKH S\QWKHVLV RHSRUW
(ODFW 2022). SRPH daWa ZHUH cRQWLQXRXV daWa VWUHaPV, VXcK aV VHcRQdaU\ dHPRJUaSKLc aQd
HcRQRPLc daWa (H.J., ILVKHULHV daWa, CHQVXV daWa). TLPH VHULHV aQaO\VHV ZHUH XVHd IRU
cRPSaULVRQV acURVV WKHVH W\SHV RI daWa. MaQ\ RI WKH UHVHaUcK VWXdLHV ZHUH a VHULHV RI dLVcUHWH
UHVHaUcK SURMHcWV, VXcK aV YLVLWRU LQWHUcHSW VXUYH\V UHSHaWHd RYHU WLPH. OWKHU VWXdLHV ZHUH
baVHd RQ TXaOLWaWLYH daWa. (SZHaULQJHQ aQd FR[ 2022).

UniWs of Anal\sis: From ImpacWs aW Whe SWaWe LeYel Wo ImpacWs on IndiYidXals. IQ 2017, LQ
adYaQcHd SUHSaUaWLRQ IRU WKH S\QWKHVLV RHSRUW, ODFW bHJaQ cRQVXOWaWLRQ ZLWK STAC RQ KRZ
bHVW WR RUJaQL]H aQd V\QWKHVL]H WKH KXPaQ dLPHQVLRQV UHVHaUcK aQaO\VHV. AV WKH KXPaQ
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dLPHQVLRQV UHVHaUcK ZaV LQWHQdHd WR dHVcULbH WKH dLIIHUHQW Za\V WKaW UHJLRQV, cRPPXQLWLHV,
VRcLaO JURXSV, aQd LQdLYLdXaOV aUH LPSacWHd b\ OUHJRQ¶V UHVHUYHV, LW ZaV dHcLdHd WKaW aQaO\VHV
VKRXOd bH SHUIRUPHd aQd LPSacWV UHSRUWHd aW WKH IROORZLQJ VcaOHV (L.H. XQLWV RI aQaO\VLV)
RUJaQL]Hd IURP OaUJHVW (H.J., VWaWH, UHJLRQ) WR VXccHVVLYHO\ VPaOOHU XQLWV RI aQaO\VLV (H.J., SRUW
JURXSV aQd cRXQWLHV, JHRJUaSKLc cRPPXQLWLHV, VWaNHKROdHU JURXSV, SHUVRQaO LQWHUYLHZV).
MXOWLSOH dLIIHUHQW VWXdLHV aQd dLVcLSOLQHV PLJKW cRQWULbXWH LQVLJKW LQWR XQdHUVWaQdLQJ UHVHUYH
LPSacWV aW aQ\ JLYHQ XQLW RI aQaO\VLV. B\ cRPSaULQJ WKHVH dLYHUVH WKUHadV RI dLVcLSOLQaU\
HYLdHQcH, WKH\ cRXOd cRUURbRUaWH RU cKaOOHQJH WKH cRQcOXVLRQV dUaZQ IURP aQRWKHU OLQH RI LQTXLU\
(SZHaULQJHQ aQd FR[ 2022).

UQLWV RI aQaO\VLV, IURP OaUJHVW WR VPaOOHVW:

Ɣ SWaWH LHYHO
Ɣ CRaVW RHJLRQ
Ɣ CRaVWaO CRPPXQLWLHV
Ɣ CRPPXQLWLHV RI IQWHUHVW
Ɣ FLVKLQJ OccXSaWLRQaO CRPPXQLW\
Ɣ IQdLYLdXaOV

TKH aQaO\VHV aQd V\QWKHVLV RI WKH KXPaQ dLPHQVLRQV UHVHaUcK aUH SURYLdHd LQ WKH HXPaQ
DLPHQVLRQV RHVHaUcK THcKQLcaO ASSHQdL[ (SZHaULQJHQ aQd FR[ 2022) RI WKH S\QWKHVLV RHSRUW.

PaWhZa\s To Decision Making MoYing ForZard
TKH IROORZLQJ UHcRPPHQdaWLRQV ZHUH PadH LQ WKH UQLYHUVLW\ AVVHVVPHQW RHSRUW (HRSI HW aO.
2022a) SHUWaLQLQJ WR KXPaQ dLPHQVLRQV UHVHaUcK, VRcLRHcRQRPLc LPSacWV, aQd dHcLVLRQ PaNLQJ
PRYLQJ LQWR WKH QH[W SKaVH RI PaULQH UHVHUYHV LPSOHPHQWaWLRQ LQ OUHJRQ.

Ɣ ODFW VKRXOd dHOLQHaWH a cROOabRUaWLYH SURcHVV WKURXJK ZKLcK VRcLaO PRQLWRULQJ daWa caQ
bH LQWHUSUHWHd WR aIIHcW SROLc\ dHcLVLRQV. IQcOXdH VWHSV IRU dHcLVLRQ PaNLQJ, cRQIOLcW
PaQaJHPHQW, aQd cOaULW\ RQ ZKR WKH VWaWH RI OUHJRQ LV cRQcHUQHd ZLWK LPSacWLQJ aQd LQ
ZKaW Za\V. SXJJHVW WKaW WKH U.S. MaJQXVRQ-SWHYHQV FLVKHU\ CRQVHUYaWLRQ aQd
MaQaJHPHQW AcW (PXbOLc LaZ 94-265) cRXOd SURYLdH aQ H[aPSOH IRU dHILQLQJ VXcK a
SURcHVV.

Ɣ ODFW VKRXOd dHYHORS aQ adaSWLYH PaQaJHPHQW SOaQ WKaW LQcOXdHV cOHaU RbMHcWLYHV,
dHILQHd dHcLVLRQ-PaNLQJ cULWHULa aQd WLPHOLQHV, aQd VWaNHKROdHU HQJaJHPHQW SURcHVVHV.
TKH SOaQ VKRXOd LQcOXdH:
ż SSHcLILc, PHaVXUabOH, acKLHYabOH, UHOHYaQW, aQd WLPH-RULHQWHd RbMHcWLYHV IRU

VRcLRHcRQRPLc PRQLWRULQJ aQd UHVHaUcK.
ż CRQVLVWHQW PHaVXUabOH LQdLcaWRUV RI VRcLaO LPSacWV.

CommXnicaWions And ReporWing
ScLHQcH cRPPXQLcaWLRQV KaV bHHQ a cULWLcaO cRPSRQHQW RI WKH ODFW MaULQH RHVHUYHV
PURJUaP SURYLdLQJ WUaQVSaUHQc\ aQd KHOSLQJ bXLOd WUXVW ZLWK cRQVWLWXHQWV. CRPPXQLcaWLRQV
RbMHcWLYHV LQcOXdH bXLOdLQJ WUXVW WKaW ODFW LV IXOILOOLQJ LWV PaQdaWH, WKaW WKH VcLHQcH bHLQJ
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SURdXcHd b\ ODFW aQd SaUWQHUV LV ULJRURXV aQd URbXVW, aQd WKaW ODFW LV a WUXVWHd VRXUcH RI
LQIRUPaWLRQ.

ODFW SURYLdHV UHVHaUcK ILQdLQJV LQ LQIRJUaSKLcV, UHSRUWV, aQd SXbOLcaWLRQV RQ WKH ³RHVRXUcH
LLbUaU\´ SaJH RI WKHLU ZHbVLWH RUHJRQPaULQHUHVHUYHV.cRP. TKH\ aOVR KLJKOLJKW UHVHaUcK ILQdLQJV
aQd VWRULHV LQ WKHLU PRQWKO\ HOHcWURQLc QHZVOHWWHU aQd RQ WKH ³RHVHUYHV NHZV´ SaJH RI WKHLU
ZHbVLWH. ODFW cRPPLWV WR SURdXcLQJ WHcKQLcaO UHVHaUcK UHSRUWV RU VcLHQWLILc MRXUQaO
SXbOLcaWLRQV aW OHaVW HYHU\ WZR \HaUV.

BH\RQd SURdXcLQJ MRXUQaO SXbOLcaWLRQV aQd LQdLYLdXaO UHVHaUcK SURMHcW UHSRUWV, ODFW VWUXJJOHd
ZLWK KXPaQ dLPHQVLRQV VcLHQcH cRPPXQLcaWLRQV aQd HQdXUHd PRXQWLQJ cULWLcLVP IURP
cRQVWLWXHQWV aQd STAC. IQ 2018, ODFW cRQWUacWHd WZR VRcLaO VcLHQWLVWV WR aVVLVW WKHP LQ
dHYHORSLQJ a KXPaQ dLPHQVLRQV UHVHaUcK cRPPXQLcaWLRQV VWUaWHJ\. B\ ODFW UHIUaPLQJ ZKaW
KXPaQ dLPHQVLRQV UHVHaUcK LV aQd KRZ WR cRPPXQLcaWH UHVHaUcK ILQdLQJV (L.H. UROOLQJ-XS
ILQdLQJV acURVV SURMHcWV baVHd RQ HacK UHVHaUcK TXHVWLRQ LQVWHad RI SUHVHQWLQJ ILQdLQJV IRU
LQdLYLdXaO UHVHaUcK SURMHcWV RU WU\LQJ WR H[SOaLQ KRZ aOO WKH YaULRXV UHVHaUcK SURMHcWV ILW
WRJHWKHU), aORQJ ZLWK a cRQcHUWHd HIIRUW WR SURdXcH PRUH KXPaQ dLPHQVLRQV UHVHaUcK RXWUHacK
SURdXcWV, VLJQLILcaQWO\ LPSURYHd WUXVW ZLWK cRQVWLWXHQWV aQd STAC. AQ RYHUYLHZ RI WKH
cRPPXQLcaWLRQV VWUaWHJ\ aQd aQ H[aPSOH VOLdH dHcN SUHVHQWaWLRQ aUH SURYLdHd KHUH.

E[aPSOHV aQd OLQNV WR KXPaQ dLPHQVLRQV RXWUHacK PaWHULaOV, UHSRUWV, aQd SXbOLcaWLRQV:
Ɣ IQIRJUaSKLcV
Ɣ ³RHVHUYHV NHZV´ SRVWV
Ɣ MaVWHU OLVW RI aOO KXPaQ dLPHQVLRQV UHVHaUcK SURMHcWV, ZLWK OLQNV WR UHSRUWV aQd SXbOLcaWLRQV
Ɣ HXPaQ DLPHQVLRQV RHVHaUcK THcKQLcaO ASSHQdL[ (SZHaULQJHQ aQd FR[ 2022) RI WKH

S\QWKHVLV RHSRUW
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Case SWXd\ 3:

UniWed Kingdom Marine MoniWoring and
AssessmenW SWraWeg\

NXdLbUaQcK, CUHdLW: JRLQW NaWXUH CRQVHUYaWLRQ CRPPLWWHH/MaULQH ScRWOaQd ScLHQcH
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Ke\ Lessons from Whis Case SWXd\

RegXlar ReporWing MandaWes SXpporW AssessmenWs and AdapWiYe ManagemenW
NaWLRQaO JRYHUQPHQW aJHQcLHV LQ WKH UK aUH UHTXLUHd WR cRPSOHWH aQ aVVHVVPHQW RI SURJUHVV
WRZaUdV GRRd EQYLURQPHQWaO SWaWXV acURVV HacK RI WKH 11 dHVcULSWRUV RXWOLQHd LQ WKH UK MaULQH
SWUaWHJ\ HYHU\ VL[ \HaUV aQd UHSRUW RQ PHaVXUHV WKaW aUH XVHd WR PaLQWaLQ RU LPSURYH WKH
cRQdLWLRQV RI WKH PaULQH HQYLURQPHQW. CROOHcWLYHO\ WKHVH UHTXLUHPHQWV VXSSRUW adaSWLYH
PaQaJHPHQW b\ HQVXULQJ WKaW daWa aUH cROOHcWHd aQd PadH aYaLOabOH WR PaQaJHUV aQd
VWaNHKROdHUV IRU dHcLVLRQ-PaNLQJ aQd SXbOLc cRQVXOWaWLRQV.

Take SWock of E[isWing MoniWoring Programs and DaWa
A VWUHQJWK RI WKH UK MaULQH SWUaWHJ\ LV LWV HPSKaVLV RQ LdHQWLI\LQJ aQd OHYHUaJLQJ H[LVWLQJ
daWaVHWV aQd PRQLWRULQJ SURJUaPV WR aVVHVV NH\ LQdLcaWRUV, LQcOXdLQJ ILVK aQd cHWacHaQV, WR
UHaOL]H HIILcLHQcLHV aQd PaNH WaUJHWHd LQYHVWPHQWV WR LPSURYH PRQLWRULQJ SURJUaPV aQd addUHVV
daWa JaSV.

Align Marine MoniWoring ZiWh OWher MoniWoring ReqXiremenWs
IQ addLWLRQ WR WaNLQJ VWRcN RI H[LVWLQJ daWa VHWV aQd PRQLWRULQJ SURJUaPV, WKHUH aUH RSSRUWXQLWLHV
WR UHaOL]H V\QHUJLHV LQ PRQLWRULQJ b\ HQVXULQJ aQd aOLJQPHQW RI PaULQH PRQLWRULQJ ZLWK RWKHU
QaWLRQaO PRQLWRULQJ UHTXLUHPHQWV. IQ SaUWLcXOaU, WKH UK PaULQH VWUaWHJ\ ZaV H[SOLcLWO\ dHVLJQHd
WR HQVXUH WKaW dHVcULSWRUV aQd PHWKRdV aUH aOLJQHd ZLWK OSPAR CRQYHQWLRQV (OVOR aQd PaULV
CRQYHQWLRQV) aQd WKH WaWHU FUaPHZRUN DLUHcWLYH.

LeYerage NeZ Technologies
NHZ WHcKQRORJLHV IRU PaULQH PRQLWRULQJ aQd aVVHVVPHQW aUH HPHUJLQJ UaSLdO\, SURYLdLQJ
RSSRUWXQLWLHV IRU UHaO-WLPH aQd/RU ORZHU cRVW PRQLWRULQJ RI cHUWaLQ LQdLcaWRUV. TKH UK MaULQH
SWUaWHJ\ LV, IRU H[aPSOH, LQcUHaVLQJO\ dHSOR\LQJ SPaUWBXR\V, bHQWKLc OaQdHUV, aQd UHPRWH
VHQVLQJ SOaWIRUPV WR PRQLWRU HXWURSKLcaWLRQ aQd UHOaWHd LQdLcaWRUV. OYHU WLPH WKHVH aSSURacKHV
Pa\ LPSURYH RU SRWHQWLaOO\ UHSOacH PRUH cRVWO\ aQd WLPH-LQWHQVLYH PRQLWRULQJ aSSURacKHV.

Engage SWakeholders in CiWi]en Science
MRQLWRULQJ RI bHacK OLWWHU aV SaUW RI WKH UK MaULQH SWUaWHJ\ LV XQdHUWaNHQ b\ YROXQWHHUV aQd
HQYLURQPHQWaO RUJaQL]aWLRQV, SURYLdLQJ aQ LPSRUWaQW RSSRUWXQLW\ IRU UaLVLQJ aZaUHQHVV abRXW WKH
MaULQH SWUaWHJ\ aQd HQYLURQPHQWaO LVVXHV, VKaULQJ NQRZOHdJH, aQd cRQWULbXWLQJ WR bURadHU
VRcLaO aQd HQYLURQPHQWaO RbMHcWLYHV.

InWrodXcWion

TKH UQLWHd KLQJdRP¶V (UK) PaULQH PRQLWRULQJ aQd aVVHVVPHQW VWUaWHJ\ (MaULQH SWUaWHJ\)
SURYLdHV a JHQHUaO IUaPHZRUN IRU SOaQQLQJ aQd PRQLWRULQJ WKH LPSacWV RI PaULQH SROLcLHV acURVV
WKH UK, LQcOXdLQJ MPAV (DEFRA 2019). TKH PaULQH VWUaWHJ\ ZaV ILUVW UHOHaVHd LQ 2012 aQd
XSdaWHd LQ 2018 aV SaUW RI a VL[-\HaU UHSRUWLQJ aQd UHYLVLRQ c\cOH aQd LV RUJaQL]Hd LQWR WKUHH
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SaUWV. PaUW 1 LdHQWLILHV WaUJHWV aQd LQdLcaWRUV RI GRRd EQYLURQPHQWaO SWaWXV, LQcOXdLQJ aQ LQLWLaO
aVVHVVPHQW RI SURJUHVV aQd RXWcRPHV bHWZHHQ 2012 aQd 2018. PaUW 2 dHVcULbHV PRQLWRULQJ
SURJUaPV aQd aSSURacKHV IRU PHaVXULQJ GRRd EQYLURQPHQWaO SWaWXV (GES), ZKLOH PaUW 3
dHVcULbHV PHaVXUHV WKaW KaYH aQd/RU ZLOO bH XVHd WR acKLHYH GES. GES LV dHILQHd aV WKH
HQYLURQPHQWaO VWaWXV RI PaULQH ZaWHUV ZKHUH WKH\ cRQVWLWXWH HcRORJLcaOO\ dLYHUVH aQd d\QaPLc
RcHaQ aQd VHaV WKaW aUH cOHaQ, KHaOWK\, aQd SURdXcWLYH ZLWKLQ WKHLU LQWULQVLc cRQdLWLRQV, aQd WKH
XVH RI WKH PaULQH HQYLURQPHQW LV aW a OHYHO WKaW LV VXVWaLQabOH, WKXV VaIHJXaUdLQJ WKH SRWHQWLaO
IRU XVHV aQd acWLYLWLHV b\ cXUUHQW aQd IXWXUH JHQHUaWLRQV (UK MaULQH SWUaWHJ\, PaUW 2, SaJH 7).
WKLOH WKH MaULQH SWUaWHJ\ LWVHOI LV bURadHU WKaQ MPANV, LW RIIHUV LPSRUWaQW OHVVRQV IRU
dHYHORSLQJ LQdLcaWRUV aQd dHVLJQLQJ V\VWHPV IRU UHJLRQaO-VcaOH PRQLWRULQJ RI PaULQH V\VWHPV.

BackgroXnd: UK MPAN

UniWed Kingdom¶s Marine ReserYe S\sWem
TKH UK MPAN ZaV HVWabOLVKHd aQd JXLdHd b\ WKH UK MaULQH aQd CRaVWaO AccHVV AcW (2009)
ZKLcK cRPSHOV WKH dHYHORSPHQW RI aQ HcRORJLcaOO\-cRKHUHQW aQd ZHOO-PaQaJHd MPAN WR
cRPSOHPHQW aQd bXLOd XSRQ H[LVWLQJ MPAV aQd LV VXSSRUWHd b\ addLWLRQaO OHJLVOaWLRQ IURP WKH
dHYROYHd adPLQLVWUaWLRQV RI WKH UK (L.H., EQJOaQd, ScRWOaQd, WaOHV aQd NRUWKHUQ IUHOaQd) aQd
LQWHUQaWLRQaO aJUHHPHQWV. TKH MPAN QRZ LQcOXdHV RYHU 378 MPAV cRYHULQJ aQ aUHa RI
aSSUR[LPaWHO\ 338,545 VTXaUH NLORPHWHUV RU 38% RI UK ZaWHUV (JNCC 2022). TKH MPAN LQ WKH
UK LQcOXdHV PaULQH aUHaV WKaW KaYH bHHQ dHVLJQaWHd IRU WKH SXUSRVH RI cRQVHUYaWLRQ aQd
SURWHcWLRQ RI PaULQH bLRdLYHUVLW\, KabLWaWV aQd VSHcLHV aQd LQcOXdHV a UaQJH RI dLIIHUHQW
dHVLJQaWLRQV, LQcOXdLQJ:

1. MaULQH CRQVHUYaWLRQ ZRQHV (MCZV), ZKLcK aUH aUHaV dHVLJQaWHd b\ WKH UK JRYHUQPHQW
VSHcLILcaOO\ IRU WKH SURWHcWLRQ RI QaWLRQaOO\ LPSRUWaQW PaULQH ZLOdOLIH, KabLWaWV, aQd
JHRORJ\;

2. SSHcLaO AUHaV RI CRQVHUYaWLRQ (SACV), ZKLcK ZHUH dHVLJQaWHd WR SURWHcW EXURSH'V PRVW
WKUHaWHQHd VSHcLHV aQd KabLWaWV XQdHU WKH EU HabLWaWV DLUHcWLYH aQd aUH QRZ
LPSOHPHQWHd WKURXJK cKaQJHV WR WKH HabLWaWV RHJXOaWLRQV;

3. SSHcLaO PURWHcWLRQ AUHaV (SPAV), ZKLcK ZHUH dHVLJQaWHd WR SURWHcW bLUd VSHcLHV RI
EXURSHaQ LPSRUWaQcH aQd PLJUaWRU\ bLUd VSHcLHV aQd WKHLU KabLWaWV aQd aUH QRZ
LPSOHPHQWHd WKURXJK cKaQJHV WR WKH HabLWaWV RHJXOaWLRQV;

4. NaWXUH CRQVHUYaWLRQ MPAV, ZKLcK aUH aUHaV dHVLJQaWHd b\ WKH dHYROYHd JRYHUQPHQWV RI
ScRWOaQd (MaULQH (ScRWOaQd) AcW 2010), WaOHV, aQd NRUWKHUQ IUHOaQd (MaULQH AcW
(NRUWKHUQ IUHOaQd) 2013) IRU WKH SURWHcWLRQ RI PaULQH ZLOdOLIH aQd KabLWaWV;

5. SLWHV RI SSHcLaO ScLHQWLILc IQWHUHVW (SSSIV) / AUHaV RI SSHcLaO ScLHQWLILc IQWHUHVW (ASSIV) ±
ZKLcK aUH dHVLJQaWHd WR SURWHcW aQ\ aUHa RI VSHcLaO LQWHUHVW RQ WKH baVLV RI LWV IORUa,
IaXQa, RU JHRORJ\ XQdHU WKH WLOdOLIH aQd CRXQWU\VLdH AcW;

6. RaPVaU SLWHV, ZKLcK aUH ZHWOaQdV RI LQWHUQaWLRQaO LPSRUWaQcH dHVLJQaWHd XQdHU WKH
RaPVaU CRQYHQWLRQ cRYHULQJ cRaVWaO aQd WHUUHVWULaO, LQcOXdLQJ VRPH PaULQH IHaWXUHV. 
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TKH VSHcLILc SURcHVV RI dHYHORSLQJ aQd PaQaJLQJ WKH MPAN KaV YaULHd bHWZHHQ EQJOaQd,
ScRWOaQd, WaOHV, aQd NRUWKHUQ IUHOaQd, ZKLOH adKHULQJ WR WKH IROORZLQJ ILYH SULQcLSOHV (CKaQLRWLV
HW aO. 2018): 

1. FHaWXUHV: WKH QHWZRUN VKRXOd UHSUHVHQW WKH UaQJH RI KabLWaWV aQd VSHcLHV IRU ZKLcK
MPAV aUH cRQVLdHUHd aSSURSULaWH ± ZLWK a JUHaWHU SURSRUWLRQ RI SaUWLcXOaUO\ WKUHaWHQHd
aQd/RU dHcOLQLQJ IHaWXUHV.

2. RHSUHVHQWaWLYLW\: WKH QHWZRUN VKRXOd LQcOXdH aUHaV WKaW bHVW UHSUHVHQW WKH UaQJH RI
KabLWaWV aQd VSHcLHV.

3. CRQQHcWLYLW\: WKH QHWZRUN VKRXOd cRPSULVH MPAV WKaW aUH ZHOO-dLVWULbXWHd aQd WaNH LQWR
accRXQW OLQNaJHV bHWZHHQ PaULQH V\VWHPV.

4. RHVLOLHQcH: WKH QHWZRUN VKRXOd LQcOXdH PRUH WKaQ RQH H[aPSOH RI a IHaWXUH LQ LQdLYLdXaO
MPAV aQd HQVXUH WKH\ aUH RI VXIILcLHQW VL]H WR dHOLYHU cRQVHUYaWLRQ bHQHILWV.

5. MaQaJHPHQW: WKH QHWZRUN VKRXOd HQVXUH WKH SURWHcWLRQ RI PaULQH KabLWaWV aQd VSHcLHV
IRU ZKLcK aQ MPA KaV bHHQ LdHQWLILHd.

Goals of Whe UK Marine SWraWeg\
TKH UK MaULQH SWUaWHJ\ LV dHVLJQHd WR cRQWULbXWH WR µcOHaQ, KHaOWK\, VaIH, SURdXcWLYH aQd
bLRORJLcaOO\ dLYHUVH RcHaQ aQd VHaV¶ aQd aOORZ LW WR IXOILOO LQWHUQaWLRQaO cRPPLWPHQWV aQd
UHSRUWLQJ RbOLJaWLRQV UHOaWHd WR WKH UN CRQYHQWLRQ RQ WKH LaZ RI WKH SHa (UNCLOS), WKH UN
SXVWaLQabOH DHYHORSPHQW GRaOV (GRaO 14), WKH OSPAR NRUWK-EaVW AWOaQWLc EQYLURQPHQW
SWUaWHJ\, aQd WKH CRQYHQWLRQ RQ BLRORJLcaO DLYHUVLW\. IW dRHV VR b\ VHHNLQJ WR acKLHYH GRRd
EQYLURQPHQWaO SWaWXV (MaULQH SWUaWHJ\, PaUW OQH).

LegislaWion and Polic\ GXidance
TKH UK MPAN ZaV HVWabOLVKHd b\ WKH MaULQH aQd CRaVWaO AccHVV AcW LQ 2009, aQd JXLdHd b\
VHYHUaO SLHcHV RI LQWHUQaWLRQaO, UK-OHYHO, aQd cRXQWU\ OHYHO OHJLVOaWLRQ. TKH MaULQH aQd CRaVWaO
AccHVV AcW LQcOXdHV SURYLVLRQV IRU WKH HVWabOLVKPHQW RI MaULQH CRQVHUYaWLRQ ZRQHV aQd MaULQH
NaWXUH RHVHUYHV LQ EQJOaQd, WaOHV, aQd NRUWKHUQ IUHOaQd, ZKLOH WKH MaULQH (ScRWOaQd) AcW
aOORZV IRU WKH HVWabOLVKPHQW RI NaWXUH CRQVHUYaWLRQ. SLWHV RI SSHcLaO ScLHQWLILc IQWHUHVW caQ bH
dHVLJQaWHd WKURXJK WKH WLOdOLIH aQd CRXQWU\VLdH AcW (1981). MRQLWRULQJ aQd aVVHVVPHQW RI UK
PaULQH aUHaV aUH JXLdHd b\ WKH MaULQH SWUaWHJ\ RHJXOaWLRQV (2010) ZKLcK UHTXLUHV aQ
aVVHVVPHQW RI SURJUHVV WRZaUdV WKH RbMHcWLYHV RI WKH UK MaULQH SWUaWHJ\ WR bH dHYHORSHd aQd
VKaUHd HYHU\ VL[ \HaUV.

UK¶s Marine MoniWoring and AssessmenW SWraWeg\
TKH UK¶V MaULQH MRQLWRULQJ aQd AVVHVVPHQW SWUaWHJ\ LV RUJaQL]Hd aURXQd WKH aVVHVVPHQW RI
11 KLJK-OHYHO dHVcULSWRUV RI GRRd EQYLURQPHQWaO SWaWXV (GES) aV RXWOLQHd LQ FLJXUH 7. EacK
dHVcULSWRU LV aVVHVVHd RQ a WKUHH-SRLQW VcaOH WKaW LQdLcaWHV ZKHWKHU GES KaV bHHQ acKLHYHd,
SaUWLaOO\ acKLHYHd, RU QRW acKLHYHd, aQd ZKHWKHU WUHQdV aUH VWabOH, LPSURYLQJ, RU dHcOLQLQJ,
baVHd XSRQ a VHW RI XQdHUO\LQJ LQdLcaWRUV RU aVVHVVPHQWV. FRU LQVWaQcH, WKH PRVW UHcHQW
aVVHVVPHQW VXJJHVWV WKaW GES IRU VHaOV KaV bHHQ SaUWLaOO\ acKLHYHd aQd LPSURYLQJ VLQcH 2012
baVHd XSRQ aQ LQcUHaVH LQ abXQdaQcH aQd a KHaOWK\ SRSXOaWLRQ RI KaUbRXU VHaOV LQ WHVW
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ScRWOaQd, bXW SRRUHU RYHUaOO cRQdLWLRQV LQ WKH GUHaWHU NRUWK SHa. TKH 11 dHVcULSWRUV LQcOXdHd
ZLWKLQ WKH UK¶V MaULQH SWUaWHJ\ aUH aOLJQHd ZLWK WKRVH RI WKH EXURSHaQ UQLRQ¶V MaULQH SWUaWHJ\
aQd FUaPHZRUN DLUHcWLYH (2008) WR VXSSRUW PRQLWRULQJ UHTXLUHPHQWV SULRU WR BUH[LW aQd
cRRUdLQaWH PRQLWRULQJ acWLYLWLHV aQd UHSRUWLQJ ZLWK RWKHU cRQWUacWLQJ SaUWLHV WR WKH OSPAR
CRQYHQWLRQ. TKH IROORZLQJ VXbVHcWLRQV SURYLdH a bULHI RYHUYLHZ RI WKH XQdHUO\LQJ LQdLcaWRUV IRU
HacK dHVcULSWRU aQd PHWKRdV XVHd WR aVVHVV WKHP. The YalXe of Whis approach for oWher
MPAs and MPANs is WhaW iW shoZ hoZ indicaWors can be connecWed Wo managemenW goals
ZiWh clear WargeWs WhaW Whe indicaWors are When measXred againsW, and can be Xsed Wo
inform decision making. TKLV aSSURacK caQ aOVR KHOS LQWHJUaWH MPAN PRQLWRULQJ ZLWK bURadHU
HcRV\VWHP-baVHd PaQaJHPHQW JRaOV.

FigXre 7: DHVcULSWRUV RI GRRd EQYLURQPHQWaO SWaWXV (aV SUHVHQWHd LQ DLUHcWLYH 2008/56/EC RI WKH
EXURSHaQ PaUOLaPHQW aQd WKH CRXQcLO).

Biological DiYersiW\: CeWaceans
TKUHH cRUH LQdLcaWRUV aVVHVV WKH VWaWXV RI cHWacHaQV LQ WKH UK: 1) WKH abXQdaQcH aQd
dLVWULbXWLRQ RI cRaVWaO bRWWOHQRVH dROSKLQV, 2) WKH abXQdaQcH aQd dLVWULbXWLRQ RI RWKHU cHWacHaQV,
aQd 3) PaULQH PaPPaO b\caWcK aV RXWOLQHd LQ TabOH 10. TKH abXQdaQcH RI cRaVWaO bRWWOHQRVH
dROSKLQV LV aVVHVVHd acURVV 4 dLIIHUHQW aVVHVVPHQW XQLWV XVLQJ SKRWR-LdHQWLILcaWLRQ, OLQH
WUaQVHcWV aQd VLJKW-UH-VLJKW PHWKRdV. TKH abXQdaQcH RI RWKHU cHWacHaQV, LQcOXdLQJ KaUbRXU
SRUSRLVH, RIIVKRUH bRWWOHQRVH dROSKLQV, PLQNH ZKaOH, ILQ ZKaOH, aQd VSHUP ZKaOH, aUH aVVHVVHd
XVLQJ SULPaULO\ aHULaO aQd VRPH VKLSbRaUd VXUYH\V, aQd PRdHOOHd XVLQJ a SRLQW (RU WUacN OLQH)
LQdHSHQdHQcH PRdHO. AOWKRXJK WKHUH KaYH bHHQ VHYHUaO VXUYH\ SURJUaPV RSHUaWLQJ LQ WKH
UHJLRQ RYHU WKH OaVW WKLUW\ \HaUV, RQO\ RQH VSHcLHV (MLQNH ZKaOH) VaWLVILHV WKH UHTXLUHPHQW RI
KaYLQJ aW OHaVW 3 abXQdaQcH HVWLPaWHV LQ a 10 \HaU SHULRd. AV a UHVXOW, WKH UK MRQLWRULQJ aQd
AVVHVVPHQW RHSRUWLQJ GURXS (MARG) LV cRQVLdHULQJ LQcUHaVLQJ WKH IUHTXHQc\ RI SCANS
VXUYH\V. FLQaOO\, cHWacHaQ b\caWcK aLPV WR acKLHYH a WaUJHW RI OHVV WKaQ 1.7% PRUWaOLW\ IURP aOO
aQWKURSRJHQLc VRXUcHV, aQd OHVV WKaQ 1% PRUWaOLW\ IURP b\caWcK, aQd LV aVVHVVHd b\ cRPbLQLQJ
daWa RQ cHWacHaQ b\caWcK IURP RbVHUYHU SURJUaPV, ILVKLQJ HIIRUW, aQd abXQdaQcH HVWLPaWHV.
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B\caWcK HVWLPaWHV aUH JHQHUaWHd IRU WZR RI WKH PRVW cRPPRQ b\caWcK VSHcLHV, KaUbRXU
SRUSRLVH aQd cRPPRQ dROSKLQ.

Table 10: CHWacHaQ LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHW MRQLWRULQJ PURJUaPV aQd MHWKRdV

AbXQdaQcH aQd
dLVWULbXWLRQ RI
cRaVWaO
bRWWOHQRVH
dROSKLQV

NR dHcUHaVH RI JUHaWHU WKaQ 5%
RYHU a WHQ-\HaU SHULRd

BRWWOHQRVH dROSKLQ LQVKRUH SRSXOaWLRQ PRQLWRULQJ
Ɣ PKRWR LdHQWLILcaWLRQ
Ɣ LLQH WUaQVHcWV
Ɣ CaSWXUH-UHcaSWXUH

AW OHaVW 4 abXQdaQcH HVWLPaWHV acURVV dLIIHUHQW \HaUV
LQ a 10 \HaU SHULRd aUH UHTXLUHd

AbXQdaQcH aQd
dLVWULbXWLRQ RI
RWKHU cHWacHaQV 

NR dHcUHaVH RI JUHaWHU WKaQ 5%
RYHU a WHQ-\HaU SHULRd

Ɣ SSHcLHV cRYHUHd LQcOXdH
KaUbRXU SRUSRLVH, RIIVKRUH
bRWWOHQRVH dROSKLQ,
VKRUW-bHaNHd cRPPRQ
dROSKLQ, VWULSHd dROSKLQ,
ZKLWH-bHaNHd dROSKLQ,
PLQNH ZKaOH. ILQ ZKaOH,
ORQJ-ILQQHd SLORW ZKaOH.
bHaNHd ZKaOH aQd VSHUP
ZKaOH

SPaOO CHWacHaQV LQ EXURSHaQ AWOaQWLc ZaWHUV aQd WKH
NRUWK SHa (SCANS) VXUYH\V; CODA (CHWacHaQ
OIIVKRUH DLVWULbXWLRQ aQd AbXQdaQcH LQ WKH EXURSHaQ
AWOaQWLc; NRUWK AWOaQWLc SLJKWLQJV SXUYH\V (NASS);
NRUZHJLaQ IQdHSHQdHQW LLQH TUaQVHcW SXUYH\V
(NILS) IRU PLQNH ZKaOHV.

Ɣ AHULaO RU VKLSbRaUd VXUYH\V
Ɣ AbXQdaQcH HVWLPaWHV JHQHUaWHd XVLQJ WKH

SRLQW (RU WUacN OLQH) LQdHSHQdHQcH PRdHO

AW OHaVW 3 abXQdaQcH HVWLPaWHV acURVV dLIIHUHQW \HaUV
LQ a 10 \HaU SHULRd aUH UHTXLUHd

CHWacHaQ
b\caWcK

TRWaO aQWKURSRJHQLc PRUWaOLW\ LV
OHVV WKaQ 1.7% RI WKH bHVW
aYaLOabOH HVWLPaWH RI abXQdaQcH
IRU

B\caWcK LV OHVV WKaQ 1% RI WKH bHVW
aYaLOabOH abXQdaQcH HVWLPaWH

Ɣ SSHcLHV cRYHUHd LQcOXdH
KaUbRXU SRUSRLVH aQd
cRPPRQ dROSKLQ

UK B\caWcK MRQLWRULQJ PURJUaPPH (BMP) ;
CHWacHaQ SWUaQdLQJV IQYHVWLJaWLRQ PURJUaPPH
(CSIP) aQd ScRWWLVK MaULQH AQLPaO SWUaQdLQJV
ScKHPH (SMASS)

Ɣ B\caWcK HVWLPaWHd baVHd RQ RbVHUYHU daWa
aQd ILVKLQJ HIIRUW

Ɣ AbXQdaQcH baVHd RQ VXUYH\V abRYH

Biological DiYersiW\: Seals
TKH VWaWXV RI VHaOV LQ WKH UK aUH aVVHVVHd RQ WKH baVLV RI WZR VHWV RI LQdLcaWRUV, QaPHO\: 1) WKH
abXQdaQcH aQd dLVWULbXWLRQ RI JUH\ VHaOV aQd KaUbRXU VHaOV, aQd 2) JUH\ VHaO SXS SURdXcWLRQ aV
RXWOLQHd LQ TabOH 11. DaWa aUH cROOHcWHd aV SaUW RI a ORQJ-WHUP VHaO SRSXOaWLRQ PRQLWRULQJ
SURJUaP WKaW cRPbLQHV aHULaO VXUYH\V aQd JURXQd-baVHd cRXQWV WR HVWLPaWH WKH WRWaO VL]H RI WKH
SRSXOaWLRQ dXULQJ PRXOWLQJ RU bUHHdLQJ, aQd JUH\ VHaO SXS SURdXcWLRQ. GUH\ VHaO SXS SURdXcWLRQ
LV HVWLPaWHd XVLQJ a VWaWLVWLcaO PRdHO IRU HacK cRORQ\ baVHd RQ cRXQWV. IQ bRWK caVHV, WaUJHWV
aUH VHW baVHd RQ a dHcOLQH RI QR PRUH WKaQ 1% SHU \HaU RYHU a VL[-\HaU SHULRd, RU QR PRUH WKaQ
25% IURP WKH baVHOLQH \HaU (1992 RU WKH ILUVW \HaU LQ ZKLcK LQIRUPaWLRQ LV aYaLOabOH). AOWKRXJK
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WKH SURJUaP UHcRUdV SUHVHQcH aW KaXO-RXW aQd bUHHdLQJ VLWHV WR SURYLdH LQVLJKWV abRXW
dLVWULbXWLRQ, WKH PRQLWRULQJ SURJUaP LV QRW VSHcLILcaOO\ dHVLJQHd WR SURYLdH HVWLPaWHV aQd WUacN
WUHQdV UHOaWHd WR WKH dLVWULbXWLRQ RI VHaOV.

Table 11: SHaO LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

SHaO
abXQdaQcH aQd
dLVWULbXWLRQ

SHaO abXQdaQcH dHcOLQH RI OHVV
WKaQ 1% SHU \HaU RYHU a VL[-\HaU
SHULRd

SHaO abXQdaQcH dHcOLQH RI OHVV
WKaQ 25% IURP baVHOLQH \HaU.

PUHVHQcH aW KaXO-RXW aQd bUHHdLQJ
VLWHV (QR VSHcLILc WaUJHW)

Ɣ SSHcLHV cRYHUHd LQcOXdH
JUH\ VHaO aQd KaUbRXU VHaO

SHaO PRSXOaWLRQ MRQLWRULQJ PURJUaP
Ɣ LaQd baVHd cRXQWV dXULQJ PRXOWLQJ

(KaUbRXU VHaO) RU bUHHdLQJ (JUH\
VHaO)

Ɣ TRWaO abXQdaQcH RI JUH\ VHaOV LV
PRdHOOHd XVLQJ VXPPHU cRXQWV RI
JUH\ VHaOV aQd cRXQWV RI SXSV LQ
aXWXPQ aQd ZLQWHU

GUH\ VHaO SXS
SURdXcWLRQ

GUH\ VHaO SXS SURdXcWLRQ dHcOLQH
RI OHVV WKaQ 1% SHU \HaU RYHU a
VL[-\HaU SHULRd

GUH\ VHaO SXS SURdXcWLRQ dHcOLQH
RI OHVV WKaQ 25% IURP baVHOLQH
\HaU.

SHaO PRSXOaWLRQ MRQLWRULQJ PURJUaP
Ɣ AHULaO VXUYH\V
Ɣ GURXQd RU bRaW-baVHd cRXQWV
Ɣ EVWLPaWHV RI WRWaO SXS SURdXcWLRQ aUH

PRdHOOHd IRU HacK cRORQ\

Biological DiYersiW\: Birds
GES RI bLUdV IRU WKH UK PaULQH VWUaWHJ\ LV aVVHVVHd acURVV VHYHUaO dLIIHUHQW LQdLcaWRUV,
LQcOXdLQJ bUHHdLQJ VXccHVV RU IaLOXUH RI RYHU 20 VHabLUd VSHcLHV (ZLWK SaUWLcXOaU HPSKaVLV RQ
KLWWLZaNH, WKH SUHVHQcH RI LQYaVLYH PaPPaOV RQ RIIVKRUH LVOaQdV, aQd WKHLU dLVWULbXWLRQ aQd
abXQdaQcH. MRQLWRULQJ LV XQdHUWaNHQ aV SaUW RI WKH SHabLUd MRQLWRULQJ PURJUaPPH RI WKH UK
aQd IUHOaQd (BTO 2023). IW PRQLWRUV VHabLUdV WKURXJKRXW WKH UK HYHU\ \HaU. BUHHdLQJ VHabLUdV
aQd WKHLU QHVWV aUH PRQLWRUHd RQ OaQd dXULQJ WKH bUHHdLQJ VHaVRQ, ZKLOH a YaULHW\ RI PHWKRdV
aUH XVHd WR PRQLWRU QRQ-bUHHdLQJ ZaWHUbLUdV aV WKH\ PLJUaWH RU RYHUZLQWHU aORQJ WKH cRaVW RI
WKH UK. IQ JHQHUaO, aVVHVVPHQWV RI bUHHdLQJ VHabLUdV aUH baVHd XSRQ a WLPH VHULHV RI VaPSOHd
cRORQLHV, ZLWK PLVVLQJ aQQXaO RbVHUYaWLRQ HVWLPaWHd XVLQJ a JHQHUaOL]Hd OLQHaU PRdHO. NRWabO\,
WaUJHWV IRU KLWWLZaNH bUHHdLQJ VXccHVV aUH H[SOLcLWO\ dHVLJQHd WR LVROaWH PaQaJHPHQW HIIHcWV b\
accRXQWLQJ IRU WKH LPSacWV RI cOLPaWH cKaQJH. MRUH VSHcLILcaOO\, KLWWLZaNH bUHHdLQJ VXccHVV LV
VWURQJO\ LQIOXHQcHd b\ ORcaO PHaQ VHa-VXUIacH WHPSHUaWXUH LQ FHbUXaU\ aQd MaUcK RI WKH
SUHYLRXV \HaU, aQd aV VXcK WaUJHWV aUH baVHd RQ aOLJQPHQW bHWZHHQ bUHHdLQJ VXccHVV aQd a
PRdHOOHd baVHOLQH (FLJXUH 8).
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Table 12: BLUdV LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

KLWWLZaNH
bUHHdLQJ
VXccHVV

NXPbHU RI cKLcNV IOHdJHd SHU SaLU LV
QRW VLJQLILcaQWO\ dLIIHUHQW, VWaWLVWLcaOO\,
IURP OHYHOV H[SHcWHd XQdHU SUHYaLOLQJ
cOLPaWLc cRQdLWLRQV VXcK aV VHa
VXUIacH WHPSHUaWXUH.

SHabLUd MRQLWRULQJ PURJUaPPH RI WKH UK aQd
IUHOaQd; SHa SXUIacH THPSHUaWXUH daWaVHWV

Ɣ CRXQW RI IOHdJHd cKLcNV SHU cRORQ\
Ɣ MLVVLQJ \HaUV aUH HVWLPaWHd b\ VWaWLVWLcaO

PRdHOV
Ɣ BaVHOLQH LV HVWLPaWHd XVLQJ a VWaWLVWLcaO

PRdHO VHa VXUIacH WHPSHUaWXUH

BUHHdLQJ
VXccHVV /
IaLOXUH

LHVV WKaQ 5% (RU 15 \HaU PHaQ IRU
WHUQV) RI cRORQLHV H[SHULHQcLQJ
bUHHdLQJ IaLOXUH

Ɣ BUHHdLQJ IaLOXUH LV dHILQHd aV
aQQXaO PHaQ bUHHdLQJ
VXccHVV RI OHVV WKaQ 0.1
cKLcNV SHU SaLU

Ɣ CRYHUV RYHU 20 VSHcLHV

SHabLUd MRQLWRULQJ PURJUaPPH RI WKH UK, IUHOaQd
aQd EXURSHaQ SaUWQHUV

Ɣ CRXQW RI IOHdJHd cKLcNV SHU cRORQ\
Ɣ MLVVLQJ \HaUV aUH HVWLPaWHd b\ VWaWLVWLcaO

PRdHOV

IQYaVLYH
PaPPaOV

RHdXcWLRQ LQ ULVN WR LVOaQd VHabLUd
cRORQLHV IURP QRQ-QaWLYH PaPPaOV,
baVHd RQ:

Ɣ PUHVHQcH/abVHQcH RI LQYaVLYH
PaPPaOV RQ RIIVKRUH LVOaQdV

Ɣ RLVN aVVHVVPHQW baVHd RQ
PRQLWRULQJ, TXaUaQWLQH
PHaVXUHV aQd UaSLd UHVSRQVH

UK LQYaVLYH SUHdaWRU\ PaPPaO VXUYHLOOaQcH XQdHU
WKH BLRVHcXULW\ IRU LIFE SURMHcW(SLORW)

Ɣ MHaVXULQJ SUHVHQcH/abVHQcH RI LQYaVLYH
PaPPaOV RQ RIIVKRUH LVOaQdV

Ɣ RLVN aVVHVVPHQW baVHd RQ VcRULQJ
WKURXJK LQWHUYLHZV RI VLWH PaQaJHUV

DLVWULbXWLRQ NR PaMRU VKLIWV RU VKULQNaJH LQ WKH
SRSXOaWLRQ dLVWULbXWLRQ RI PaULQH bLUdV
LQ 75% RI VSHcLHV PRQLWRUHd

Ɣ CKaQJHV LQ RccXSaQc\
Ɣ SKLIW LQdH[ ZKLcK PHaVXUHV

WKH H[WHQW WR ZKLcK a VSHcLHV
KaV VKLIWHd IURP RQH aUHa WR
aQRWKHU

Ɣ CRYHUV 10 VSHcLHV

SHabLUd MRQLWRULQJ PURJUaPPH (SMP); WHWOaQd
BLUd SXUYH\ (WHBS); PHULRdLc bLUd VXUYH\V;
BUHHdLQJ AWOaV; NRQ-EVWXaULQH WaWHUbLUd SXUYH\

Ɣ MHaVXUH SUHVHQcH/abVHQcH RI bLUdV LQ
2NP b\ 2NP JULdV aQd cRPSaUHV RYHU
2-WLPH SHULRdV

AbXQdaQcH CKaQJHV LQ abXQdaQcH RI PaULQH
bLUdV VKRXOd bH ZLWKLQ LQdLYLdXaO WaUJHW
OHYHOV LQ 75% RI VSHcLHV PRQLWRUHd.

SSHcLHV-VSHcLILc WKUHVKROdV aUH XVHd
Ɣ 0.8 RI baVHOLQH (1992) IRU

VSHcLHV WKaW Oa\ RQH HJJ
Ɣ 0.7 RI baVHOLQH (1992) IRU

VSHcLHV WKaW Oa\ PRUH WKaQ 1
HJJ

Ɣ IQcOXdHV 127 LQdLcaWRUV WKaW
dLVWLQJXLVKHV bHWZHHQ

SHabLUd MRQLWRULQJ PURJUaPPH (SMP); WHWOaQd
BLUd SXUYH\ (WHBS); PHULRdLc bLUd VXUYH\V;
BUHHdLQJ AWOaV; NRQ-EVWXaULQH WaWHUbLUd SXUYH\;
DaWa IURP OSPAR cRQWUacWLQJ SaUWLHV

Ɣ MLVVLQJ daWa ZaV HVWLPaWHd XVLQJ
VWaWLVWLcaO PRdHOV

Ɣ CRXQW RI bUHHdLQJ SaLUV RU adXOWV SHU
VSHcLHV SHU cRORQ\ SHU \HaU IRU bUHHdLQJ
bLUd VSHcLHV

Ɣ NXPbHUV RI bLUdV, SHU VSHcLHV, SHU VLWH,
aQd SHU \HaU WKaW aUH cRXQWHd IURP WKH
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VSHcLHV, ORcaWLRQ aQd
bUHHdLQJ/QRQ-bUHHdLQJ
abXQdaQcH

OaQd RU WKH aLU IRU QRQ-bUHHdLQJ bLUd
VSHcLHV

FigXre 8: CRPSaULQJ bUHHdLQJ VXccHVV WR baVHOLQH (SRXUcH:
KWWSV://PRaW.cHIaV.cR.XN/bLRdLYHUVLW\-IRRd-ZHbV-aQd-PaULQH-SURWHcWHd-aUHaV/bLUdV/NLWWLZaNH-bUHHdLQJ-VXcc
HVV/)

Biological DiYersiW\: Fish
TKH VWaWXV RI ILVK acURVV aUHaV cRYHUHd b\ WKH UK PaULQH VWUaWHJ\ LV aVVHVVHd acURVV VHYHUaO
dLIIHUHQW LQdLcaWRUV, LQcOXdLQJ abXQdaQcH RI VHQVLWLYH VSHcLHV, VL]H cRPSRVLWLRQ aQd a OaUJH ILVK
LQdH[ XVLQJ daWa cROOHcWHd WKURXJK RWWHU aQd bHaP WUaZO VcLHQWLILc VXUYH\V. ICES LQWHUQaWLRQaO
bRWWRP WUaZO VXUYH\ LV SaUWLcXOaUO\ LPSRUWaQW aQd SURYLdHV daWa RQ WKH dLVWULbXWLRQ, abXQdaQcH,
aQd VL]H cRPSRVLWLRQ RI ILVK aQd RWKHU RUJaQLVPV OLYLQJ RQ RU QHaU WKH VHa bRWWRP LQ WKH
NRUWKHaVW AWOaQWLc OcHaQ (DATRAS 2023). TKH VXUYH\ LV cRQdXcWHd aQQXaOO\ LQ WKH OaWH VXPPHU
aQd HaUO\ aXWXPQ aQd LQYROYHV WKH XVH RI VWaQdaUdL]Hd bRWWRP WUaZO QHWV WRZHd bHKLQd UHVHaUcK
YHVVHOV. TKH QHWV aUH dHVLJQHd WR VaPSOH WKH VHaIORRU aW a IL[Hd dHSWK, aQd WKH caWcK LV VRUWHd,
LdHQWLILHd, aQd ZHLJKHd WR dHWHUPLQH WKH abXQdaQcH aQd VL]H dLVWULbXWLRQ RI dLIIHUHQW VSHcLHV.

Table 13: FLVK LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

SL]H cRPSRVLWLRQ NR cKaQJH LQ WKH VL]H cRPSRVLWLRQ RI
ILVK cRPPXQLWLHV baVHd RQ WUHQdV
ZLWK UHVSHcW WR W\SLcaO OHQJWK.

Ɣ IQdLcaWRU KaV 4 YaOXHV (ORQJ
WHUP dHcUHaVH WR a PLQLPXP
VWaWH, ORQJ WHUP dHcUHaVH,
ORQJ-WHUP LQcUHaVH RU QR
cKaQJH)

Ɣ DLVWLQJXLVKHV bHWZHHQ
SHOaJLc aQd dHPHUVaO
cRPPXQLWLHV aQd UHJLRQ

ScLHQWLILc ILVKHULHV VXUYH\V XVLQJ RWWHU WUaZO aQd
bHaP WUaZO, LQcOXdLQJ WKH IQWHUQaWLRQaO BRWWRP TUaZO
SXUYH\ SURJUaPPH

Ɣ IQdLcaWRU LV aJJUHJaWHd aW WKH VXUYH\ OHYHO.
Ɣ TUHQdV aUH PRdHOOHd XVLQJ ORcaOO\ ZHLJKWHd

VcaWWHUSORW aQd bUHaNSRLQW aQaO\VHV ZHUH
XVHd WR LdHQWLI\ cKaQJHV.

LaUJH ILVK LQdH[ SL]H-cRPSRVLWLRQ RI ILVK
cRPPXQLWLHV VKRXOd UHIOHcW a KHaOWK\
VWaWXV aQd QR cKaQJH LQ WKH VL]H
cRPSRVLWLRQ RI ILVK cRPPXQLWLHV
baVHd RQ OaUJH ILVK LQdH[ (LFI)

Ɣ LFI PHaVXUHV SURSRUWLRQ RI
OaUJH ILVK LQ a VXUYH\, ZKHUH
OaUJH ILVK aUH dHILQHd IRU
HacK VXUYH\ aQd H[cOXdH
cHUWaLQ VSHcLHV RU W\SHV
WKHUHRI

ScLHQWLILc ILVKHULHV VXUYH\V XVLQJ RWWHU WUaZO aQd
bHaP WUaZO, LQcOXdLQJ WKH IQWHUQaWLRQaO BRWWRP TUaZO
SXUYH\ SURJUaPPH

Ɣ IQdLcaWRU LV aJJUHJaWHd aW WKH VXUYH\ OHYHO.
Ɣ AVVHVVPHQW WKUHVKROdV ZHUH VHW XVLQJ a

YaULHW\ RI PHWKRdV, LQcOXdLQJ 3 X ORZHVW ILYH
\HaU PRYLQJ aYHUaJH, UHIHUHQcH YaOXHV,
ORQJ-WHUP cRUUHOaWLRQV RU WUHQd-baVHd
aQaO\VLV

CRPPXQLW\ NR cKaQJH LQ WKH VL]H cRPSRVLWLRQ RI
ILVK cRPPXQLWLHV baVHd RQ WUHQdV LQ
PHaQ Pa[LPXP OHQJWK

Ɣ IQdLcaWRU KaV 4 YaOXHV (ORQJ
WHUP dHcUHaVH WR a PLQLPXP
VWaWH, ORQJ WHUP dHcUHaVH,
ORQJ-WHUP LQcUHaVH RU QR
cKaQJH)

Ɣ DLVWLQJXLVKHV bHWZHHQ
SHOaJLc aQd dHPHUVaO
cRPPXQLWLHV aQd bHWZHHQ
WKH GUHaWHU NRUWK aQd CHOWLc
SHaV

ScLHQWLILc ILVKHULHV VXUYH\V XVLQJ RWWHU WUaZO aQd
bHaP WUaZO, LQcOXdLQJ WKH IQWHUQaWLRQaO BRWWRP TUaZO
SXUYH\ SURJUaPPH

Ɣ IQdLcaWRU LV aJJUHJaWHd aW WKH VXUYH\ OHYHO.
Ɣ TUHQdV aUH PRdHOOHd XVLQJ ORcaOO\ ZHLJKWHd

VcaWWHUSORW aQd bUHaNSRLQW aQaO\VHV ZHUH
XVHd WR LdHQWLI\ cKaQJHV.

AbXQdaQcH IQcUHaVLQJ abXQdaQcH RI ³VHQVLWLYH
VSHcLHV´ aQd LI WKaW IaLOV QR IXUWKHU
SRSXOaWLRQ dHcOLQH

Ɣ SHQVLWLYLW\ dHILQHd LQ WHUPV
RI WKH aYHUaJH OLIH-KLVWRU\
WUaLW PHWULc RU WKH SURSRUWLRQ
IaLOLQJ WR VSaZQ PHWULc

ScLHQWLILc ILVKHULHV VXUYH\V XVLQJ RWWHU WUaZO aQd
bHaP WUaZO, LQcOXdLQJ WKH IQWHUQaWLRQaO BRWWRP TUaZO
SXUYH\ SURJUaPPH

Ɣ SSHcLHV-VXUYH\ OHYHO LQdLcaWRUV baVHd RQ
SRVLWLRQ (L.H., TXaUWLOH) RI abXQdaQcH
HVWLPaWH

Ɣ SXUYH\ OHYHO LQdLcaWRU baVHd RQ QXPbHU RI
VSHcLHV UHcRYHULQJ RU ZLWK QR IXUWKHU
dHcOLQH
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

Ɣ RHcRYHU\ dHILQHd
abXQdaQcH LQ WKH WRS 25% RI
a WLPH VHULHV

Ɣ NR IXUWKHU SRSXOaWLRQ
dHcOLQH dHILQHd aV
abXQdaQcH abRYH WKH ORZHVW
25% RI a WLPH VHULHV

Ɣ IQdLcaWRUV aUH aYaLOabOH aW
WKH VSHcLHV-VXUYH\, VXUYH\
aQd LQWHJUaWHd OHYHO

Ɣ IQWHJUaWHd aVVHVVPHQW XVHV SURbabLOLVWLc
aQd aYHUaJLQJ PHWKRdV.

Ɣ AYHUaJLQJ PHWKRd caOcXOaWHd VSHcLHV
abXQdaQcH aV a IUacWLRQ RI VSHcLHV
aVVHVVPHQW WKUHVKROdV (L.H, 75% RU 25%)
ZLWK YaOXHV abRYH RQH LQdLcaWLQJ
accHSWabOH VWaWXV.

Pelagic HabiWaWs
TKH UK PaULQH VWUaWHJ\ PRQLWRUV WKH cRQdLWLRQV RI SHOaJLc KabLWaWV RQ WKH baVLV RI WZR VHWV RI
LQdLcaWRUV, SOaQNWRQ bLRPaVV aQd SOaQNWRQ cRPPXQLWLHV. DaWa aUH cROOHcWHd IURP XS WR 11 IL[Hd
SRLQW VaPSOLQJ VWaWLRQV LQ EQJOaQd aQd ScRWOaQd aQd cRQWLQXRXV SOaQNWRQ UHcRUdHU VXUYH\V
ZKLcK WaNH SOacH acURVV WKH NRUWKHUQ aQd CHOWLc SHaV aQd RWKHU SaUWV RI WKH ZRUOd (MaULQH
BLRORJLcaO AVVRcLaWLRQ 2023). POaQNWRQ bLRPaVV HVWLPaWHV aUH baVHd XSRQ WKH bLRPaVV RI
cRSHSRd VSHcLHV IRU ]RRSOaQNWRQ aQd cKORURSK\OO cRQcHQWUaWLRQV RU cRORXU LQdH[ IRU
SK\WRSOaQNWRQ. TKH SOaQNWRQ VSHcLHV cRPSRVLWLRQ LQdLcaWRU, PHaQZKLOH, LV baVHd XSRQ PXOWLSOH
UHJLRQ- aQd VSHcLHV-VSHcLILc VWaWH-baVHd PRdHOV RI WZR HcRORJLcaOO\ UHOHYaQW OLIHIRUPV WKaW VKaUH
VLPLOaU IXQcWLRQaO WUaLWV, aOORZLQJ UHVHaUcKHUV WKH abLOLW\ WR WUacN cKaQJHV LQ VSHcLHV cRPSRVLWLRQ
RYHU WLPH. IQ bRWK caVHV QR VSHcLILc aVVHVVPHQW WKUHVKROdV KaYH bHHQ dHILQHd RZLQJ WR
dLIILcXOWLHV LQ VWULcWO\ dHILQLQJ GES IRU WKHVH LQdLcaWRUV. NRQHWKHOHVV, VRPH RI WKH cRQVWLWXHQW
YaOXHV, VXcK aV VKLIWV LQ WKH dRPLQaQcH RI dLQRIOaJHOOaWHV UHOaWLYH WR dLaWRPV, Pa\ SURYLdH VRPH
LQdLcaWLRQ RI WKH SUHVHQcH RI UHJLRQ-VSHcLILc SURbOHPV OLNH HXWURSKLcaWLRQ.

Table 14: PHOaJLc KabLWaWV LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

POaQNWRQ
bLRPaVV

CKaQJHV LQ SOaQNWRQ bLRPaVV aQd
abXQdaQcH

Ɣ TKHUH LV QR IL[Hd
aVVHVVPHQW WKUHVKROd

Ɣ CKaQJHV aUH cOaVVLILHd aV
VPaOO (bHWZHHQ WKH 25WK

aQd 75WK SHUcHQWLOHV),
LPSRUWaQW (bHWZHHQ WKH 5WK

aQd 25WK RU 75WK aQd 95WK

SHUcHQWLOHV) RU H[WUHPH
(bHORZ WKH 5WK RU abRYH WKH
95WK SHUcHQWLOHV)

FL[Hd SRLQW VaPSOLQJ; CRQWLQXRXV POaQNWRQ RHcRUdHU;
OWKHU SOaQNWRQ PRQLWRULQJ SURJUaPV

Ɣ ZRRSOaQNWRQ bLRPaVV LV baVHd RQ cRSHSRd
VSHcLHV abXQdaQcH

Ɣ PK\WRSOaQNWRQ LV baVHd RQ cKORURSK\OO a RU
WKH SK\WRSOaQNWRQ cRORXU LQdH[

Ɣ FL[Hd SRLQW aQd cRQWLQXRXV SOaQNWRQ UHcRUdHU
daWa aUH QRW LQWHJUaWHd IRU WKH aVVHVVPHQW
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Ɣ SHSaUaWH aQaO\VHV IRU
]RRSOaQNWRQ aQd
SK\WRSOaQNWRQ

POaQNWRQ
cRPPXQLWLHV

CKaQJHV LQ WKH VSHcLHV
cRPSRVLWLRQ RI SOaQNWRQ
cRPPXQLWLHV

Ɣ CKaQJHV LQ SOaQNWRQ LQdH[
IURP baVHOLQH

Ɣ BaVHOLQH dHILQHd aV SHULRd
bHWZHHQ 2004-2008

Ɣ POaQNWRQ LQdH[ LV
caOcXOaWHd IRU dLIIHUHQW
cRPbLQaWLRQV RI OLIHIRUPV,
KabLWaW W\SHV aQd UHJLRQV

FL[Hd SRLQW VaPSOLQJ; CRQWLQXRXV POaQNWRQ RHcRUdHU;
OWKHU SOaQNWRQ PRQLWRULQJ SURJUaPV

Ɣ SWaWH-VSacH PRdHOV RI WZR OLIHIRUPV ZLWK
VLPLOaU IXQcWLRQaO WUaLWV aUH XVHd WR caOcXOaWH
LQdLYLdXaO SOaQNWRQ LQdH[HV

Ɣ FL[Hd SRLQW aQd cRQWLQXRXV SOaQNWRQ UHcRUdHU
daWa aUH QRW LQWHJUaWHd IRU WKH aVVHVVPHQW

BenWhic HabiWaWs
MRQLWRULQJ aQd HYaOXaWLRQ RI bHQWKLc KabLWaWV XQdHU WKH UK PaULQH VWUaWHJ\ WaNH SOacH XQdHU a
QXPbHU RI PRQLWRULQJ SURJUaPV, cRYHULQJ a ZLdH UaQJH RI dLIIHUHQW LQdLcaWRUV cRQcHUQLQJ WKH
HcRORJLcaO TXaOLW\ RI LQWHUWLdaO VHaJUaVV, VaOWPaUVK aQd URcN\ VKRUH cRPPXQLWLHV, VXbWLdaO
KabLWaWV aQd LQIaXQaO cRPPXQLWLHV, WKH VWaWXV RI SK\VLcaO daPaJH WR WKH VHaIORRU aQd bLRJHQLc
KabLWaWV, aQd aQ LQWHUWLdaO cRPPXQLW\ LQdH[ RI URcN\ VKRUH cRPPXQLWLHV WKaW caQ JHQHUaWH
LQVLJKWV abRXW WKH LPSacWV RI cOLPaWH cKaQJH. IQWHUWLdaO cRPPXQLW\ PRQLWRULQJ, aSaUW IURP WKH
cRPPXQLW\ WHPSHUaWXUH LQdH[, WaNHV SOacH XQdHU UHTXLUHPHQWV aQd PHWKRdV HVWabOLVKHd b\ WKH
WaWHU FUaPHZRUN DLUHcWLYH, ZKLcK KaV dHYHORSHd KabLWaW VSHcLILc LQdLcHV aQd WaUJHWV baVHd
XSRQ a UaQJH RI SaUaPHWHUV, LQcOXdLQJ WKHLU H[WHQW aQd UaWH RI cKaQJH, VSHcLHV dLYHUVLW\ aQd
YaOXH UHOaWLYH WR KLVWRULcaO baVHOLQHV. FRU H[aPSOH, WKH WaUJHW IRU LQWHUWLdaO VHaJUaVV LV WKaW 95%
RI VXUIacH aUHaV KaYH aQ HcRORJLcaO TXaOLW\ UaWLR JUHaWHU WKaQ 0.60, ZKLcK LV LQ WXUQ baVHd XSRQ
cKaQJHV LQ WKH H[WHQW RI VHaJUaVV bHdV, VKRRW dHQVLW\, aQd VSHcLHV dLYHUVLW\. IQ cRQWUaVW,
VXbWLdaO KabLWaW PRQLWRULQJ LV JHQHUaOO\ OHVV ZHOO dHYHORSHd aQd IRcXVHV PRUH RQ PRQLWRULQJ RI
SUHVVXUHV LQ UHOaWLRQ WR SK\VLcaO daPaJH RI WKH VHaIORRU, aQd RYHUOaS bHWZHHQ KXPaQ acWLYLWLHV
aQd bLRJHQLc KabLWaWV (L.H., KRUVH PXVVHO UHHIV aQd VHaJUaVV). FRU H[aPSOH, WKH UK PaULQH
VWUaWHJ\ KaV HVWabOLVKHd a WaUJHW WKaW OHVV WKaQ 15% RI WKH VHaIORRU LV H[SRVHd WR KLJK OHYHOV RI
aQWKURSRJHQLc dLVWXUbaQcHV, aQd H[aPLQHV WKHVH

Table 15: BHQWKLc LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

IQWHUWLdaO
cRPPXQLW\ LQdH[

CRPPXQLW\ THPSHUaWXUH IQdH[ RI
LQWHUWLdaO URcN\ VKRUH cRPPXQLWLHV
PHHW RU H[cHHd SUHdLcWLRQV baVHd
RQ 1.5� C
 

MaULQH bLRdLYHUVLW\ aQd COLPaWH cKaQJH (MaUCOLP)
MRQLWRULQJ PURJUaPPH

Ɣ TKH CRPPXQLW\ THPSHUaWXUH IQdH[ LV a
PHaVXUH RI WKH VWaWXV RI a cRPPXQLW\
UHJaUdLQJ LWV VSHcLHV cRPSRVLWLRQ RI cROd-
aQd ZaUP-ZaWHU VSHcLHV

IQWHUWLdaO
VHaJUaVV

GUHaWHU WKaQ 95% RI VXUIacH aUHaV
aVVHVVHd PHHW HcRORJLcaO TXaOLW\
UaWLR >0.60 baVHd RQ WKH aYHUaJH
RI WKUHH cULWHULa: H[WHQW RI VHaJUaVV
bHd ORVV, aQQXaO/ILYH-\HaUO\
aYHUaJH VKRRW dHQVLW\ ORVV, aQd
VSHcLHV ORVV aV a SURSRUWLRQ RI a
KLVWRULcaO UHIHUHQcH.

MRQLWRULQJ SURJUaP IROORZV SURWRcROV dHYHORSHd b\
WKH WaWHU FUaPHZRUN DLUHcWLYH

Ɣ IQWHUWLdaO VHaJUaVV WRRO

IQWHUWLdaO
VaOWPaUVK

GUHaWHU WKaQ 95% RI VXUIacH aUHaV
aVVHVVHd PHHW HcRORJLcaO TXaOLW\
UaWLR >0.60 baVHd RQ WKH aYHUaJH
RI VaOWPaUVK H[WHQW (cXUUHQW
SURSRUWLRQ RI KLVWRULcaO H[WHQW aQd
H[WHQW cKaQJH), SURSRUWLRQV RI
]RQHV SUHVHQW, dRPLQaQW ]RQH
H[WHQW aV a SURSRUWLRQ RI WKH WRWaO
H[WHQW aQd Wa[a QXPbHU aV a
SURSRUWLRQ RI a KLVWRULcaO UHIHUHQcH

MRQLWRULQJ SURJUaP IROORZV SURWRcROV dHYHORSHd b\
WKH WaWHU FUaPHZRUN DLUHcWLYH

Ɣ IQWHUWLdaO VaOWPaUVK WRRO

IQWHUWLdaO URcN\
VKRUH

85% RI VXUYH\V acKLHYH EcRORJLcaO
QXaOLW\ RaWLR �0.60 RU GRRd
EcRORJLcaO PRWHQWLaO (IRU HHaYLO\
MRdLILHd WaWHU BRdLHV) baVHd RQ
PacURaOJaH cRPPXQLWLHV

MRQLWRULQJ SURJUaP IROORZV SURWRcROV dHYHORSHd b\
WKH WaWHU FUaPHZRUN DLUHcWLYH

Ɣ IQWHUWLdaO URcN\ VKRUH PacURaOJaO LQdH[

SXbWLdaO KabLWaWV NR aVVHVVPHQW WKUHVKROdV KaYH
bHHQ dHWHUPLQHd

IQIaXQaO daWa cROOHcWHd XVLQJ JUab aQd bR[ cRUH
VaPSOLQJ

Ɣ DLYHUVLW\ LQdH[ LV caOcXOaWHd baVHd RQ
VSHcLHV ULcKQHVV aQd abXQdaQcH

PK\VLcaO daPaJH LHVV WKaQ 15% RI VHaIORRU
H[SRVHd WR KLJK OHYHOV RI
aQWKURSRJHQLc dLVWXUbaQcHV

MRQLWRULQJ SURJUaP OHYHUaJHV RbVHUYHd aQd
PRdHOOHd daWa aQd UHTXLUHV LQIRUPaWLRQ RQ:

Ɣ HabLWaW W\SHV aQd WKHLU dLVWULbXWLRQ
Ɣ SHQVLWLYLW\ RI dLIIHUHQW KabLWaWV WR

dLVWXUbaQcHV
Ɣ DLVWULbXWLRQ aQd LQWHQVLW\ RI SUHVVXUHV

IQIaXQaO TXaOLW\
LQdH[

85% RI aVVHVVHd VXUYH\ aUHaV
KaYH EcRORJLcaO QXaOLW\ RaWLR �

MRQLWRULQJ SURJUaP cRPbLQHV daWa cROOHcWHd IRU WKH
WaWHU FUaPHZRUN DLUHcWLYH, COHaQ SHaV
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

0.64 RU GRRd EcRORJLcaO PRWHQWLaO
(IRU HHaYLO\ MRdLILHd WaWHU
BRdLHV)

EQYLURQPHQWaO MRQLWRULQJ PURJUaPPH aQd RWKHU daWa
VRXUcHV

Ɣ IQIaXQaO TXaOLW\ LQdH[ cOaVVLILcaWLRQ VcKHPH

PK\VLcaO ORVV BLRJHQLc VHaIORRU KabLWaWV aUH
VWabOH RU LQcUHaVLQJ aQd QRW
VPaOOHU WKaQ WKH baVHOLQH YaOXH

BLRJHQLc KabLWaWV cRYHUHd
Ɣ SHaJUaVV bHdV
Ɣ HRUVH PXVVHO UHHIV

DaWa RQ KRUVH PXVVHO UHHIV aQd VHaJUaVV
dLVWULbXWLRQV aUH XVHd WR PRdHO SRWHQWLaO KabLWaWV
acURVV UK ZaWHUV, aQd cRPbLQHd ZLWK daWa RQ KXPaQ
acWLYLWLHV WKaW cRXOd SRWHQWLaOO\ caXVH ORVV RI KabLWaW.

Ɣ OYHUOaS LQ SRWHQWLaO KabLWaW aQd KXPaQ
acWLYLWLHV

Non-naWiYe Species
TKH UK PaULQH VWUaWHJ\ UHSRUWV RQ WKH QXPbHU RI QHZO\ UHcRUdHd QRQ-QaWLYH VSHcLHV b\
cRPSLOLQJ daWa IURP VHcRQdaU\ VRXUcHV, LQcOXdLQJ VcLHQWLILc VWXdLHV aQd cLWL]HQ VcLHQcH RU RWKHU
W\SHV RI UHSRUWV. TKLV LQIRUPaWLRQ LV XVHd WR JHQHUaWH HVWLPaWHV RI WKH QXPbHU RI QHZ QRQ-QaWLYH
VSHcLHV IRXQd LQ CHOWLc SHaV aQd GUHaWHU NRUWK SHa UHJLRQ HacK \HaU aQd cXPXOaWLYHO\ RYHU a
UHSRUWLQJ SHULRd. TR daWH, QR VSHcLILc aVVHVVPHQW WKUHVKROdV KaYH bHHQ dHILQHd.

Table 16: NRQ-QaWLYH VSHcLHV LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

NHZO\ UHcRUdHd
QRQ-QaWLYH
VSHcLHV

RHdXcWLRQ LQ WKH ULVN RI
LQWURdXcWLRQ aQd VSUHad RI
QRQ-QaWLYH VSHcLHV

Ɣ NR VSHcLILc aVVHVVPHQW
WKUHVKROd KaV bHHQ
dHILQHd

CRPSLOaWLRQ RI daWa IURP VHcRQdaU\ VRXUcHV,
LQcOXdLQJ VcLHQWLILc VWXdLHV, cLWL]HQ VcLHQcH RU RWKHU
UHSRUWV

PopXlaWions of Commercial fish and Shellfish
TKH UK PaULQH VWUaWHJ\ PRQLWRUV WKH VWaWXV aQd WUHQdV RI cRPPHUcLaO ILVK VSHcLHV b\ WUacNLQJ
OHYHOV RI ILVKLQJ aQd VSaZQLQJ VWRcN bLRPaVV acURVV 57 PaULQH ILVK aQd 59 VKHOOILVK ILVK VWRcNV.
IQ JHQHUaO, WKH WaUJHWV aLP WR LQcUHaVH WKH QXPbHU RI VWRcNV WKaW aUH ILVKHd aW VXVWaLQabOH OHYHOV
(L.H., Pa[LPXP VXVWaLQabOH \LHOd), LQcUHaVH WKH QXPbHU RI VWRcNV ZLWK VSaZQLQJ VWRcN bLRPaVV
WKaW aUH aW RU abRYH WKHLU UHVSHcWLYH Pa[LPXP VXVWaLQabOH \LHOdV, aQd UHdXcH WKH QXPbHU RI
VWRcNV IRU ZKLcK WKHVH YaOXHV aUH XQNQRZQ RU XQcHUWaLQ. DaWa WR VXSSRUW WKLV aQaO\VLV aUH
SURYLdHd b\ ICES VWRcN HVWLPaWHV IRU LQWHUQaWLRQaOO\ VWUaddOLQJ ILVK VWRcNV aQd QaWLRQaO
aVVHVVPHQWV RI VKHOOILVK VWRcNV.

Table 17: CRPPHUcLaO ILVK LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV
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FLVKLQJ SUHVVXUH IQcUHaVH WKH SURSRUWLRQ RI VWRcNV
ILVKHd aW RU bHORZ FMSY aQd ]HUR
VWRcNV RI XQNQRZQ VWaWXV UHOaWLYH
WR FMSY

Ɣ CRYHUV 57 PaULQH ILVK
VWRcNV aQd 59 VKHOOILVK
VWRcNV

ICES aQd QaWLRQaO VWRcN aVVHVVPHQWV
Ɣ AJJUHJaWLRQ RI ILVK VWRcN aVVHVVPHQWV

RHSURdXcWLYH
caSacLW\

IQcUHaVH SURSRUWLRQ RI VWRcNV ZLWK
VSaZQLQJ VWRcN bLRPaVV aW RU
abRYH MSY aQd ]HUR VWRcNV ZLWK
XQNQRZQ VWaWXV

Ɣ CRYHUV 57 PaULQH ILVK
VWRcNV aQd 59 VKHOOILVK
VWRcNV

ICES aQd QaWLRQaO VWRcN aVVHVVPHQWV
Ɣ AJJUHJaWLRQ RI ILVK VWRcN aVVHVVPHQWV

ElemenWs of Marine Food Webs
TKH UK PaULQH VWUaWHJ\ PRQLWRUV WKH VWaWXV aQd WUHQdV RI PaULQH IRRd ZHbV b\ WUacNLQJ WUHQdV
LQ WKH abXQdaQcH aQd cKaUacWHULVWLcV RI dLIIHUHQW VSHcLHV, LQcOXdLQJ bLUdV, ILVK, cHWacHaQ, VHaOV
aQd SOaQNWRQ ZKLcK aUH RXWOLQHd LQ TabOH 18. TKHVH LQdLcaWRUV aUH LdHQWLcaO WR RWKHU LQdLcaWRUV
WKaW aUH XVHd WR aVVHVV bLRORJLcaO dLYHUVLW\ aQd SHOaJLc KabLWaWV, aOWKRXJK LW LV ZRUWK QRWLQJ WKaW
VSHcLHV cRPSRVLWLRQ LQ ILVK cRPPXQLWLHV aQd cKaQJHV LQ SOaQNWRQ cRPPXQLWLHV ZHUH H[SOLcLWO\
dHYHORSHd aV aQ LQdLcaWRU RI IRRd ZHbV aQd ³bRUURZHd´ b\ WKH RWKHU dHVcULSWRU.

Table 18: FRRd ZHb LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

MaULQH bLUd
abXQdaQcH

CKaQJHV LQ abXQdaQcH RI PaULQH
bLUdV VKRXOd bH ZLWKLQ LQdLYLdXaO
WaUJHW OHYHOV LQ 75% RI VSHcLHV
PRQLWRUHd.

SSHcLHV-VSHcLILc WKUHVKROdV aUH
XVHd

Ɣ 0.8 RI baVHOLQH (1992) IRU
VSHcLHV WKaW Oa\ RQH HJJ

Ɣ 0.7 RI baVHOLQH (1992) IRU
VSHcLHV WKaW Oa\ PRUH WKaQ
1 HJJ

Ɣ IQcOXdHV 127 LQdLcaWRUV
WKaW dLVWLQJXLVKHV bHWZHHQ
VSHcLHV, ORcaWLRQ aQd
bUHHdLQJ/QRQ-bUHHdLQJ
abXQdaQcH

SHabLUd MRQLWRULQJ PURJUaPPH (SMP); WHWOaQd BLUd
SXUYH\ (WHBS); PHULRdLc bLUd VXUYH\V; BUHHdLQJ
AWOaV; NRQ-EVWXaULQH WaWHUbLUd SXUYH\; DaWa IURP
OSPAR cRQWUacWLQJ SaUWLHV

Ɣ MLVVLQJ daWa ZaV HVWLPaWHd XVLQJ VWaWLVWLcaO
PRdHOV

Ɣ CRXQW RI bUHHdLQJ SaLUV RU adXOWV SHU VSHcLHV
SHU cRORQ\ SHU \HaU IRU bUHHdLQJ bLUd VSHcLHV

NXPbHUV RI bLUdV, SHU VSHcLHV, SHU VLWH, aQd SHU \HaU
WKaW aUH cRXQWHd IURP WKH OaQd RU WKH aLU IRU
QRQ-bUHHdLQJ bLUd VSHcLHV

SHaO abXQdaQcH
aQd dLVWULbXWLRQ

SHaO abXQdaQcH dHcOLQH RI OHVV
WKaQ 1% SHU \HaU RYHU a VL[-\HaU
SHULRd

SHaO PRSXOaWLRQ MRQLWRULQJ PURJUaP
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

SHaO abXQdaQcH dHcOLQH RI OHVV
WKaQ 25% IURP baVHOLQH \HaU.

PUHVHQcH aW KaXO-RXW aQd bUHHdLQJ
VLWHV (QR VSHcLILc WaUJHW)

Ɣ SSHcLHV cRYHUHd LQcOXdH
JUH\ VHaO aQd KaUbRXU VHaO

Ɣ LaQd baVHd cRXQWV dXULQJ PRXOWLQJ (KaUbRXU
VHaO) RU bUHHdLQJ (JUH\ VHaO)

TRWaO abXQdaQcH RI JUH\ VHaOV LV PRdHOOHd XVLQJ
VXPPHU cRXQWV RI JUH\ VHaOV aQd cRXQWV RI SXSV LQ
aXWXPQ aQd ZLQWHU

CHWacHaQ
abXQdaQcH aQd
dLVWULbXWLRQ

NR dHcUHaVH RI JUHaWHU WKaQ 5%
RYHU a WHQ-\HaU SHULRd

SSHcLHV cRYHUHd LQcOXdH KaUbRXU
SRUSRLVH, RIIVKRUH bRWWOHQRVH
dROSKLQ, VKRUW-bHaNHd cRPPRQ
dROSKLQ, VWULSHd dROSKLQ,
ZKLWH-bHaNHd dROSKLQ, PLQNH
ZKaOH. ILQ ZKaOH, ORQJ-ILQQHd SLORW
ZKaOH. bHaNHd ZKaOH aQd VSHUP
ZKaOH

SPaOO CHWacHaQV LQ EXURSHaQ AWOaQWLc ZaWHUV aQd WKH
NRUWK SHa (SCANS) VXUYH\V; CODA (CHWacHaQ
OIIVKRUH DLVWULbXWLRQ aQd AbXQdaQcH LQ WKH EXURSHaQ
AWOaQWLc; NRUWK AWOaQWLc SLJKWLQJV SXUYH\V (NASS);
NRUZHJLaQ IQdHSHQdHQW LLQH TUaQVHcW SXUYH\V
(NILS) IRU PLQNH ZKaOHV.

Ɣ AHULaO RU VKLSbRaUd VXUYH\V
Ɣ AbXQdaQcH HVWLPaWHV JHQHUaWHd XVLQJ WKH

SRLQW (RU WUacN OLQH) LQdHSHQdHQcH PRdHO

AW OHaVW 3 abXQdaQcH HVWLPaWHV acURVV dLIIHUHQW \HaUV
LQ a 10 \HaU SHULRd aUH UHTXLUHd

IQVKRUH
bRWWOHQRVH
dROSKLQ
abXQdaQcH

NR dHcUHaVH RI JUHaWHU WKaQ 5%
RYHU a WHQ-\HaU SHULRd

BRWWOHQRVH dROSKLQ LQVKRUH SRSXOaWLRQ PRQLWRULQJ
Ɣ PKRWR LdHQWLILcaWLRQ
Ɣ LLQH WUaQVHcWV
Ɣ CaSWXUH-UHcaSWXUH

AW OHaVW 4 abXQdaQcH HVWLPaWHV acURVV dLIIHUHQW \HaUV
LQ a 10 \HaU SHULRd aUH UHTXLUHd

CKaQJHV LQ
SOaQNWRQ
cRPPXQLWLHV

CKaQJHV LQ WKH VSHcLHV
cRPSRVLWLRQ RI SOaQNWRQ
cRPPXQLWLHV

Ɣ CKaQJHV LQ SOaQNWRQ LQdH[
IURP baVHOLQH

Ɣ BaVHOLQH dHILQHd aV SHULRd
bHWZHHQ 2004-2008

POaQNWRQ LQdH[ LV caOcXOaWHd IRU
dLIIHUHQW cRPbLQaWLRQV RI OLIHIRUPV,
KabLWaW W\SHV aQd UHJLRQV

FL[Hd SRLQW VaPSOLQJ; CRQWLQXRXV POaQNWRQ RHcRUdHU;
OWKHU SOaQNWRQ PRQLWRULQJ SURJUaPV

Ɣ SWaWH-VSacH PRdHOV RI WZR OLIHIRUPV ZLWK
VLPLOaU IXQcWLRQaO WUaLWV aUH XVHd WR caOcXOaWH
LQdLYLdXaO SOaQNWRQ LQdH[HV

FL[Hd SRLQW aQd cRQWLQXRXV SOaQNWRQ UHcRUdHU daWa
aUH QRW LQWHJUaWHd IRU WKH aVVHVVPHQW

SL]H cRPSRVLWLRQ
LQ ILVK
cRPPXQLWLHV

NR cKaQJH LQ WKH VL]H cRPSRVLWLRQ
RI ILVK cRPPXQLWLHV baVHd RQ
WUHQdV ZLWK UHVSHcW WR W\SLcaO
OHQJWK.

Ɣ IQdLcaWRU KaV 4 YaOXHV
(ORQJ WHUP dHcUHaVH WR a
PLQLPXP VWaWH, ORQJ WHUP

ScLHQWLILc ILVKHULHV VXUYH\V XVLQJ RWWHU WUaZO aQd bHaP
WUaZO, LQcOXdLQJ WKH IQWHUQaWLRQaO BRWWRP TUaZO SXUYH\
SURJUaPPH

Ɣ IQdLcaWRU LV aJJUHJaWHd aW WKH VXUYH\ OHYHO.
Ɣ TUHQdV aUH PRdHOOHd XVLQJ ORcaOO\ ZHLJKWHd

VcaWWHUSORW aQd bUHaNSRLQW aQaO\VHV ZHUH
XVHd WR LdHQWLI\ cKaQJHV.
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

dHcUHaVH, ORQJ-WHUP
LQcUHaVH RU QR cKaQJH)

Ɣ DLVWLQJXLVKHV bHWZHHQ
SHOaJLc aQd dHPHUVaO
cRPPXQLWLHV aQd UHJLRQ

SSHcLHV
cRPSRVLWLRQ LQ
ILVK cRPPXQLWLHV

NR cKaQJH LQ WKH VL]H cRPSRVLWLRQ
RI ILVK cRPPXQLWLHV baVHd RQ
WUHQdV LQ PHaQ Pa[LPXP OHQJWK

Ɣ IQdLcaWRU KaV 4 YaOXHV
(ORQJ WHUP dHcUHaVH WR a
PLQLPXP VWaWH, ORQJ WHUP
dHcUHaVH, ORQJ-WHUP
LQcUHaVH RU QR cKaQJH)

Ɣ DLVWLQJXLVKHV bHWZHHQ
SHOaJLc aQd dHPHUVaO
cRPPXQLWLHV aQd bHWZHHQ
WKH GUHaWHU NRUWK aQd
CHOWLc SHaV

ScLHQWLILc ILVKHULHV VXUYH\V XVLQJ RWWHU WUaZO aQd bHaP
WUaZO, LQcOXdLQJ WKH IQWHUQaWLRQaO BRWWRP TUaZO SXUYH\
SURJUaPPH

Ɣ IQdLcaWRU LV aJJUHJaWHd aW WKH VXUYH\ OHYHO.
Ɣ TUHQdV aUH PRdHOOHd XVLQJ ORcaOO\ ZHLJKWHd

VcaWWHUSORW aQd bUHaNSRLQW aQaO\VHV ZHUH
XVHd WR LdHQWLI\ cKaQJHV.

LaUJH ILVK LQdH[ SL]H-cRPSRVLWLRQ RI ILVK
cRPPXQLWLHV VKRXOd UHIOHcW a
KHaOWK\ VWaWXV aQd QR cKaQJH LQ
WKH VL]H cRPSRVLWLRQ RI ILVK
cRPPXQLWLHV baVHd RQ OaUJH ILVK
LQdH[ (LFI)

LFI PHaVXUHV SURSRUWLRQ
RI OaUJH ILVK LQ a VXUYH\,
ZKHUH OaUJH ILVK aUH
dHILQHd IRU HacK VXUYH\
aQd H[cOXdH cHUWaLQ
VSHcLHV RU W\SHV WKHUHRI

ScLHQWLILc ILVKHULHV VXUYH\V XVLQJ RWWHU WUaZO aQd bHaP
WUaZO, LQcOXdLQJ WKH IQWHUQaWLRQaO BRWWRP TUaZO SXUYH\
SURJUaPPH

Ɣ IQdLcaWRU LV aJJUHJaWHd aW WKH VXUYH\ OHYHO.
AVVHVVPHQW WKUHVKROdV ZHUH VHW XVLQJ a YaULHW\ RI
PHWKRdV, LQcOXdLQJ 3 X ORZHVW ILYH \HaU PRYLQJ
aYHUaJH, UHIHUHQcH YaOXHV, ORQJ-WHUP cRUUHOaWLRQV RU
WUHQd-baVHd aQaO\VLV

KLWWLZaNH
bUHHdLQJ
VXccHVV

NXPbHU RI cKLcNV IOHdJHd SHU SaLU
LV QRW VLJQLILcaQWO\ dLIIHUHQW,
VWaWLVWLcaOO\, IURP OHYHOV H[SHcWHd
XQdHU SUHYaLOLQJ cOLPaWLc cRQdLWLRQV
VXcK aV VHa VXUIacH WHPSHUaWXUH.

SHabLUd MRQLWRULQJ PURJUaPPH RI WKH UK aQd
IUHOaQd; SHa SXUIacH THPSHUaWXUH daWaVHWV

Ɣ CRXQW RI IOHdJHd cKLcNV SHU cRORQ\
Ɣ MLVVLQJ \HaUV aUH HVWLPaWHd b\ VWaWLVWLcaO

PRdHOV
Ɣ BaVHOLQH LV HVWLPaWHd XVLQJ a VWaWLVWLcaO

PRdHO VHa VXUIacH WHPSHUaWXUH

MaULQH bLUd
bUHHdLQJ
VXccHVV

LHVV WKaQ 5% (RU 15 \HaU PHaQ IRU
WHUQV) RI cRORQLHV H[SHULHQcLQJ
bUHHdLQJ IaLOXUH

Ɣ BUHHdLQJ IaLOXUH LV dHILQHd
aV aQQXaO PHaQ bUHHdLQJ

SHabLUd MRQLWRULQJ PURJUaPPH RI WKH UK, IUHOaQd
aQd EXURSHaQ SaUWQHUV

Ɣ CRXQW RI IOHdJHd cKLcNV SHU cRORQ\
Ɣ MLVVLQJ \HaUV aUH HVWLPaWHd b\ VWaWLVWLcaO

PRdHOV
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

VXccHVV RI OHVV WKaQ 0.1
cKLcNV SHU SaLU

Ɣ CRYHUV RYHU 20 VSHcLHV

GUH\ VHaO SXS
SURdXcWLRQ

GUH\ VHaO SXS SURdXcWLRQ dHcOLQH
RI OHVV WKaQ 1% SHU \HaU RYHU a
VL[-\HaU SHULRd

GUH\ VHaO SXS SURdXcWLRQ dHcOLQH
RI OHVV WKaQ 25% IURP baVHOLQH
\HaU.

SHaO PRSXOaWLRQ MRQLWRULQJ PURJUaP
Ɣ AHULaO VXUYH\V
Ɣ GURXQd RU bRaW-baVHd cRXQWV
Ɣ EVWLPaWHV RI WRWaO SXS SURdXcWLRQ aUH

PRdHOOHd IRU HacK cRORQ\

EXWrophicaWion
MRQLWRULQJ RI HXWURSKLcaWLRQ XQdHU WKH UK PaULQH VWUaWHJ\ WaNHV SOacH XQdHU WKH JXLdaQcH RI
WKH COHaQ SHaV EQYLURQPHQW MRQLWRULQJ SURJUaPPH, IROORZLQJ JXLdHOLQHV HVWabOLVKHd b\
OSPAR. PK\VLcaO VaPSOHV aUH cROOHcWHd XVLQJ UHVHaUcK YHVVHOV aQd aW UHVHaUcK VWaWLRQV.
HRZHYHU, HXWURSKLcaWLRQ PRQLWRULQJ aV SaUW RI WKH UK PaULQH VWUaWHJ\ LV LQcUHaVLQJO\ dHSOR\LQJ
UHPRWH WHcKQRORJLHV aQd WRROV, LQcOXdLQJ SPaUWBXR\V, aQd bHQWKLc OaQdHUV LQ NH\ ORcaWLRQV WR
WUacN UHaO-WLPH cRQcHQWUaWLRQV RI QXWULHQWV aQd cKORURSK\OO, cRQWULbXWLQJ WR PRQLWRULQJ HIILcLHQcLHV
aQd bHWWHU XQdHUVWaQdLQJ RI QXWULHQW aQd cKORURSK\OO d\QaPLcV LQ WKH JURZLQJ VHaVRQ.

Table 19: EXWURSKLcaWLRQ LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

CKORURSK\OO NR LQcUHaVH LQ WKH cKORURSK\OO 90WK
SHUcHQWLOH LQ WKH JURZLQJ VHaVRQ

RLVN baVHd PRQLWRULQJ b\ WKH COHaQ SHaV
EQYLURQPHQW MRQLWRULQJ PURJUaPPH

Ɣ SaPSOHV cROOHcWHd XVLQJ VKLSV, VXbPHUVLbOH
VHQVRUV aQd cRQWLQXRXV daWa IURP
SPaUWBXR\V

Ɣ SaWHOOLWH-baVHd UHPRWH VHQVLQJ
Ɣ SaPSOHV aQaO\]Hd ZLWK IOXRURPHWU\,

VSHcWURSKRWRPHWU\ aQd SLJPHQW aQaO\VLV

DLVVROYHd
R[\JHQ

O[\JHQ cRQcHQWUaWLRQV LQ bRWWRP
ZaWHUV aUH abRYH aUHa-VSHcLILc
R[\JHQ aVVHVVPHQW OHYHOV (4 WR 6
PJ/O)

NR bHQWKLc VSHcLHV PRUWaOLW\
HYHQWV UHVXOWLQJ IURP R[\JHQ
dHILcLHQc\ dLUHcWO\ UHOaWHd WR
aQWKURSRJHQLc

RLVN baVHd PRQLWRULQJ b\ WKH COHaQ SHaV
EQYLURQPHQW MRQLWRULQJ PURJUaPPH

Ɣ SaPSOHV cROOHcWHd IURP VKLSV, VWaWLRQV aQd
cRQWLQXRXV daWa IURP bHQWKLc OaQdHUV

NXWULHQW
cRQcHQWUaWLRQV

NR LQcUHaVH LQ dLVVROYHd LQRUJaQLc
QLWURJHQ aQd SKRVSKRUXV
cRQcHQWUaWLRQV

RLVN baVHd PRQLWRULQJ b\ WKH COHaQ SHaV
EQYLURQPHQW MRQLWRULQJ PURJUaPPH

60



Ɣ SaPSOHV cROOHcWHd aW cUXLVH VWaWLRQV aQd
cRQWLQXRXV daWa IURP SPaUWBXR\V

Ɣ MaQQ-KHQdaOO WHVWV aUH XVHd WR aQaO\]H
WUHQdV

NXWULHQW LQSXWV NR IRUPaO WaUJHW IRU QXWULHQW LQSXWV
Ɣ GHQHUaO H[SHcWaWLRQ WKaW

QXWULHQW LQSXWV ZLOO QRW
LQcUHaVH RU cRQWULbXWH WR
HQULcKPHQW, aQd
dRZQZaUd WUHQd LQ
SURbOHP aUHaV

MRQLWRULQJ RI ULYHULQH LQSXWV aQd dLUHcW dLVcKaUJHV
IURP SRLQW VRXUcHV (L.H., LQdXVWU\, VHZaJH)

Ɣ SaPSOHV cROOHcWHd IRU HacK ULYHU aQd
aJJUHJaWHd aW dLIIHUHQW VcaOHV

Ɣ MaQQ-KHQdaOO WHVWV aUH XVHd WR aQaO\]H
WUHQdV

AlWeraWion of H\drographical CondiWions

MRQLWRULQJ SURJUaPV IRU K\dURJUaSKLcaO cRQdLWLRQV KaYH QRW bHHQ dHYHORSHd WR daWH.

ConcenWraWions of ConWaminanWs
MRQLWRULQJ RI cRQWaPLQaQWV aV SaUW RI WKH UK MaULQH SWUaWHJ\ LV OHd WR a JUHaW H[WHQW b\ WKH UK
COHaQ SHaV EQYLURQPHQWaO MRQLWRULQJ PURJUaPPH ZKLcK PRQLWRUV WKH TXaOLW\ RI WKH UK'V
cRaVWaO aQd RIIVKRUH ZaWHUV, LQcOXdLQJ WKH OHYHOV RI SROOXWaQWV, QXWULHQWV, aQd RWKHU cRQWaPLQaQWV
SUHVHQW LQ WKH ZaWHU, VHdLPHQWV, aQd bLRWa. TKH PURJUaPPH KaV bHHQ LQ RSHUaWLRQ VLQcH 1988
aQd cROOHcWV daWa IURP a QHWZRUN RI PRQLWRULQJ VLWHV aURXQd WKH UK cRaVW, LQcOXdLQJ HVWXaULHV,
KaUbRXUV, aQd RSHQ ZaWHUV. TKH PURJUaPPH PRQLWRUV a UaQJH RI SaUaPHWHUV, LQcOXdLQJ SK\VLcaO
aQd cKHPLcaO cKaUacWHULVWLcV RI WKH ZaWHU, WKH cRQcHQWUaWLRQ RI SROOXWaQWV aQd RWKHU
cRQWaPLQaQWV, aQd WKH abXQdaQcH aQd dLYHUVLW\ RI PaULQH RUJaQLVPV. PROOXWaQWV cRYHUHd b\ WKH
PaULQH VWUaWHJ\ LQcOXdH SRO\cKORULQaWHd bLSKHQ\OV (PCBV), LQ SRO\c\cOLc aURPaWLc K\dURcaUbRQV
(PAHV), SRO\bURPLQaWHd dLSKHQ\O HWKHUV (PBDEV), aQd UadLRQXcOLdHV. IQ JHQHUaO WaUJHWV aLP WR
HQVXUH WKaW cRQcHQWUaWLRQV RI cRQWaPLQaQWV aUH bHORZ cRQcHQWUaWLRQV aW ZKLcK adYHUVH HIIHcWV
aUH OLNHO\ WR RccXU, ZKLcK aUH dHILQHd b\ dLIIHUHQW VRXUcHV LQcOXdLQJ OSPAR aQd WKH US EPA.
CRQWaPLQaQW cRQcHQWUaWLRQV LQ bLRWa aUH aOVR H[aPLQHd aQd a UaQJH RI bLRLQdLcaWRUV aQd
PHWKRdV KaYH bHHQ dHYHORSHd WR WUacN VSHcLILc RU JHQHUaO OHYHOV RI cRQWaPLQaQWV, LQcOXdLQJ bLOH
PHWabROLWHV EROD HQ]\PH acWLYLW\, H[WHUQaO ILVK dLVHaVH, OLYHU QHRSOaVPV aQd PLcURQXcOHXV LQ a
VHOHcWLRQ RI JURXQdILVK VSHcLHV aQd LPSRVH[ LQ dRJ ZKHON.

Table 20: CRQWaPLQaQWV LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

PAHV LQ bLRWa CRQcHQWUaWLRQV aUH bHORZ WKH
cRQcHQWUaWLRQV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU

UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH
Ɣ SLWH daWa aUH cRPbLQHd WR JHQHUaWH a PHaQ

HVWLPaWH IRU HacK bLRJHRJUaSKLc UHJLRQ XVLQJ
a OLQHaU PL[Hd PRdHO
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

Ɣ OSPAR¶V HQYLURQPHQWaO
aVVHVVPHQW cULWHULa ZHUH
XVHd

PAHV LQ
VHdLPHQW

CRQcHQWUaWLRQV aUH bHORZ WKH
cRQcHQWUaWLRQV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU

Ɣ US EPA EIIHcWV-RaQJH-LRZ
YaOXHV ZHUH XVHd

UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH
Ɣ SLWH daWa aUH cRPbLQHd WR JHQHUaWH a PHaQ

HVWLPaWH IRU HacK bLRJHRJUaSKLc UHJLRQ XVLQJ
a OLQHaU PL[Hd PRdHO

PBDEV LQ bLRWa TKHUH aUH QR cXUUHQW WaUJHWV UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH

PBDEV LQ
VHdLPHQW

TKHUH aUH QR cXUUHQW WaUJHWV UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH

PCBV LQ bLRWa CRQcHQWUaWLRQV aUH bHORZ WKH
cRQcHQWUaWLRQV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU

Ɣ OSPAR¶V HQYLURQPHQWaO
aVVHVVPHQW cULWHULa ZHUH
XVHd

UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH
Ɣ PCBV aUH PRQLWRUHd LQ PXVVHOV aQd ILVK
Ɣ SLWH daWa aUH cRPbLQHd WR JHQHUaWH a PHaQ

HVWLPaWH IRU HacK bLRJHRJUaSKLc UHJLRQ XVLQJ
a OLQHaU PL[Hd PRdHO

PCBV LQ
VHdLPHQW

CRQcHQWUaWLRQV aUH bHORZ WKH
cRQcHQWUaWLRQV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU

Ɣ OSPAR¶V HQYLURQPHQWaO
aVVHVVPHQW cULWHULa ZHUH
XVHd

UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH
Ɣ SLWH daWa aUH cRPbLQHd WR JHQHUaWH a PHaQ

HVWLPaWH IRU HacK bLRJHRJUaSKLc UHJLRQ XVLQJ
a OLQHaU PL[Hd PRdHO

RadLRQXcOLdHV CRQcHQWUaWLRQV aUH bHORZ WKH
cRQcHQWUaWLRQV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU

Ɣ RadLRORJLcaO dRVHV UHcHLYHd
b\ SHRSOH aQd ZLOdOLIH aUH
bHORZ UK

MHWKRdV dHVcULbHd LQ WKH RadLRacWLYLW\ LQ FRRd aQd
WKH EQYLURQPHQW UHSRUW VHULHV UHSRUWV.

CRaVWaO ZaWHUV CRQcHQWUaWLRQV aUH bHORZ WKH
cRQcHQWUaWLRQV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU

Ɣ CRQWaPLQaQWV LQcOXdH
PAHV, OLQdaQH, WULbXW\OWLQ,
PHUcXU\ aQd c\SHUPHWKULQ

Ɣ BaVHd RQ HQYLURQPHQWaO
TXaOLW\ VWaQdaUdV dHVcULbHd
LQ EU PULRULW\ SXbVWaQcHV
DLUHcWLYH

SXUIacH ZaWHU PRQLWRULQJ caUULHd RXW IROORZLQJ
GXLdaQcH RQ SXUIacH WaWHU MRQLWRULQJ XQdHU WKH
WaWHU FUaPHZRUN DLUHcWLYH´
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

BLOH PHWabROLWHV TKH LQWHQVLW\ RI bLRORJLcaO RU
HcRORJLcaO HIIHcWV aUH bHORZ WKH
WR[LcRORJLcaOO\-baVHd VWaQdaUdV

Ɣ OSPAR¶V HQYLURQPHQWaO
aVVHVVPHQW cULWHULa ZHUH
XVHd

UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH
Ɣ PRO\c\cOLc aURPaWLc K\dURcaUbRQ PHWabROLWHV

LQ bLOH RI cRPPRQ dab aQd IORXQdHU aUH
aVVHVVHd

Ɣ SLWH daWa aUH cRPbLQHd WR JHQHUaWH a PHaQ
HVWLPaWH IRU HacK bLRJHRJUaSKLc UHJLRQ

BLRORJLcaO
HIIHcWV (EROD
HQ]\PH acWLYLW\)
LQ ILVK

TKH LQWHQVLW\ RI bLRORJLcaO RU
HcRORJLcaO HIIHcWV aUH bHORZ WKH
WR[LcRORJLcaOO\-baVHd VWaQdaUdV

Ɣ OSPAR¶V HQYLURQPHQWaO
aVVHVVPHQW cULWHULa ZHUH
XVHd

UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH
Ɣ SaPSOLQJ RI dab, IORXQdHU aQd SOaLcH LV

XQdHUWaNHQ aW cRaVWaO aQd RIIVKRUH
PRQLWRULQJ VWaWLRQV

Ɣ EROD cRQcHQWUaWLRQV LQ OLYHU aUH aVVHVVHd
IROORZLQJ ICES WHcKQLTXHV

E[WHUQaO ILVK
dLVHaVH

TKH LQWHQVLW\ RI bLRORJLcaO RU
HcRORJLcaO HIIHcWV aUH bHORZ WKH
WR[LcRORJLcaOO\ baVHd VWaQdaUdV

Ɣ CRYHUV dab, IORXQdHU aQd
cRd

Ɣ OSPAR¶V aQd ICES
HQYLURQPHQWaO aVVHVVPHQW
cULWHULa ZHUH XVHd

UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH
Ɣ RHVHaUcK cUXLVHV cROOHcW aQd YLVXaOO\ aQaO\]H

ILVK IRU HYLdHQcH RI dLVHaVHV,
Ɣ OQO\ dab KaV bHHQ XVHd LQ aQaO\VHV dXH WR

WKH OacN RI aVVHVVPHQW cULWHULa IRU IORXQdHU,
aQd VPaOO QXPbHU RI cRd

IPSRVH[ TKH LQWHQVLW\ RI bLRORJLcaO RU
HcRORJLcaO HIIHcWV aUH bHORZ WKH
WR[LcRORJLcaOO\ baVHd VWaQdaUdV

Ɣ IPSRVH[ LQ dRJZKHONV aUH
cORVH WR bacNJURXQd OHYHOV

Ɣ OSPAR¶V HQYLURQPHQWaO
aVVHVVPHQW cULWHULa ZHUH
XVHd

RLVN-baVHd PRQLWRULQJ aW LQWHUWLdaO PRQLWRULQJ VWaWLRQV
Ɣ SaPSOHV aUH aQaO\]Hd WR dHWHUPLQH WKH

QXPbHU aQd SHUcHQWaJH RI VWHULOH IHPaOHV

LLYHU
QHRSOaVPV

TKH LQWHQVLW\ RI bLRORJLcaO RU
HcRORJLcaO HIIHcWV aUH bHORZ WKH
WR[LcRORJLcaOO\ baVHd VWaQdaUdV

Ɣ PUHYaOHQcH RI OLYHU
QHRSOaVPV LQ dab aQd WKHLU
WUHQdV

Ɣ PUHYaOaQcH LV caWHJRUL]Hd
LQWR WKUHH JURXSV,
bacNJURXQd, HOHYaWHd aQd
VLJQLILcaQW

UK COHaQ SHaV EQYLURQPHQW MRQLWRULQJ PURJUaPPH
Ɣ SaPSOHV cROOHcWHd IURP 43 ILVKLQJ VWaWLRQV LQ

cRaVWaO aQd RIIVKRUH ZaWHUV
Ɣ AQaO\VLV RI ILVK OLYHUV WR dHWHUPLQH WKH

QXPbHU aQd SHUcHQWaJH RI ILVK ZLWK OLYHU
QHRSOaVPV, cRQWUROOLQJ IRU aJH aQd VH[

MHWaO LQSXWV TKHUH aUH QR cXUUHQW WaUJHWV RLVN-baVHd PRQLWRULQJ RI LQSXWV IURP ULYHUV aQd dLUHcW
dLVcKaUJHV aQd HVWLPaWHV RI aWPRVSKHULc ORadLQJ

Ɣ EVWLPaWHV ZHUH QRW XSdaWHd LQ WKH PRVW
UHcHQW aVVHVVPHQWV dXH WR LQVXIILcLHQW daWa
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IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

Ɣ GHQHUaO RbMHcWLYH WR UHdXcH
SROOXWLRQ IURP cadPLXP,
PHUcXU\ aQd OHadLQJ

MHWaOV LQ bLRWa CRQcHQWUaWLRQV RI cRQWaPLQaQWV aUH
bHORZ OHYHOV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU WR VHa OLIH

Ɣ CRYHUV cadPLXP, PHUcXU\
aQd OHad cRQcHQWUaWLRQV LQ
PXVVHOV aQd ILVK

Ɣ EXURSHaQ cRPPLVVLRQ IRRd
VWaQdaUdV ZHUH XVHd aV
WKUHVKROdV

Ɣ SWaWXV aQd WUHQdV aUH
aVVHVVHd

RLVN-baVHd PRQLWRULQJ b\ UK COHaQ SHaV
EQYLURQPHQWaO MRQLWRULQJ PURJUaP

Ɣ SaPSOHV RI bOXH PXVVHOV, dab, SOaLcH aQd
IORXQdHU aUH cROOHcWHd aQd aQaO\]Hd XVLQJ
OSPAR JXLdaQcH

Ɣ TLPH VHULHV aUH aVVHVVHd b\ ILWWLQJ a
SaUaPHWULc PRdHO

MHWaOV LQ
VHdLPHQW

CRQcHQWUaWLRQV RI cRQWaPLQaQWV aUH
bHORZ OHYHOV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU WR VHa OLIH

Ɣ CRYHUV cadPLXP, PHUcXU\
aQd OHad cRQcHQWUaWLRQV LQ
VHdLPHQWV

Ɣ OSPAR HQYLURQPHQWaO
aVVHVVPHQW cULWHULa aUH
XVHd

Ɣ IQcOXdHV VWaWXV aQd WUHQdV

RLVN-baVHd PRQLWRULQJ b\ UK COHaQ SHaV
EQYLURQPHQWaO MRQLWRULQJ PURJUaP

Ɣ MXdd\ VHdLPHQWV aUH cROOHcWHd IURP
PRQLWRULQJ VWaWLRQ aQd aQaO\]Hd IROORZLQJ
OSPAR JXLdaQcH

Ɣ MRVW VWaWLRQV aUH PRQLWRUHd aQQXaOO\

MLcURQXcOHXV CRQcHQWUaWLRQV RI cRQWaPLQaQWV aUH
bHORZ OHYHOV aW ZKLcK adYHUVH
HIIHcWV aUH OLNHO\ WR RccXU WR VHa OLIH

Ɣ CRYHUV PLcURQXcOHXV LQ
IORXQdHU aQd dab aJaLQVW
bacNJURXQd aVVHVVPHQW
cULWHULa

Ɣ E[SRVXUH OHYHOV aUH baVHd
RQ WKH SHUcHQWaJH RI ILVK
H[cHHdLQJ bacNJURXQd
aVVHVVPHQW cULWHULa

RLVN-baVHd PRQLWRULQJ b\ UK COHaQ SHaV
EQYLURQPHQWaO MRQLWRULQJ PURJUaP

Ɣ FLVK aUH VaPSOHd aW IL[Hd VaPSOLQJ VWaWLRQV
MLcURQXcOHXHV aVVa\ aUH XVHd aQd cRPSaUHd
WR a bacNJURXQd WKUHVKROd

Ɣ DaWa LV aJJUHJaWHd IRU 8 UHJLRQV

OLO VSLOOV TKH RccXUUHQcH aQd H[WHQW RI
VLJQLILcaQW acXWH aQd WKHLU LPSacW RQ
bLRWa VKRXOd bH PLQLPLVHd

Ɣ TKHUH aUH QR VSHcLILc
aVVHVVPHQW WKUHVKROdV

Ɣ MRQLWRUV TXaQWLW\ aQd
WUHQdV

OLO VSLOO daWa IURP VKLSSLQJ, SRUWV aQd RIIVKRUH RLO aQd
JaV aUH UHSRUWHd WR WKH UK MaULWLPH aQd CRaVW GXaUd
AJHQc\

Ɣ RHSRUWV VHcWRU-VSHcLILc VSLOO aPRXQWV aQd
WKHLU dLVWULbXWLRQ acURVV dLIIHUHQW VL]HV RI
VSLOOV
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ConWaminanWs in Seafood
CRQWaPLQaQWV LQ VHaIRRd aUH aVVHVVHd WKURXJK VaPSOHV cROOHcWHd IURP cRPPHUcLaO ILVKLQJ
JURXQdV LQ WKH CHOWLc SHa aQd GUHaWHU NRUWK SHa aQd WKH BLOOLQJVJaWH ILVK PaUNHW LQ LRQdRQ
ZKHUH WKH ORcaWLRQV RI WKH caWcK ZHUH NQRZQ. SHaIRRd NQRZQ WR bH aW JUHaWHVW ULVN RI
accXPXOaWLQJ cRQWaPLQaQWV ZHUH WaUJHWHd IRU VaPSOLQJ aQd aQaO\VLV, LQcOXdLQJ VaUdLQHV, VHa
baVV, dRJILVK, PacNHUHO, KHUULQJ, VSUaWV, KaOLbXW, WXUbRW, aQd JUH\ PXOOHW. CRQWaPLQaQW
cRQcHQWUaWLRQV, LQcOXdLQJ cadPLXP, PHUcXU\, OHad, WUacH PHWaOV, aQd dLR[LQV aUH aVVHVVHd LQ
UHOaWLRQ WR UHJXOaWRU\ OHYHOV HVWabOLVKHd WKURXJK OHJLVOaWLRQ.

Table 21: CRQWaPLQaQWV LQ VHaIRRd LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

CRQWaPLQaQWV LQ
VHaIRRd

HLJK UaWHV RI cRPSOLaQcH ZLWK
UHOHYaQW VHaIRRd cRQWaPLQaQW
cRQcHQWUaWLRQ UHJXOaWLRQV

Ɣ TaUJHW VSHcLHV LQcOXdH
VaUdLQHV, VHa baVV,
dRJILVK, PacNHUHO, KHUULQJ,
VSUaWV, KaOLbXW, WXUbRW, aQd
JUH\ PXOOHW

Ɣ CRQWaPLQaQWV LQcOXdH
cadPLXP, PHUcXU\, OHad,
WUacH PHWaOV, aQd dLR[LQV

Ɣ RHJXOaWRU\ OHYHOV
HVWabOLVKHd b\ OHJLVOaWLRQ

SaPSOHV cROOHcWHd IURP cRPPHUcLaO ILVKLQJ JURXQdV
aQd a ILVK PaUNHW LQ LRQdRQ

Marine LiWWer
TKUHH cRUH LQdLcaWRUV aUH XVHd b\ WKH UK PaULQH VWUaWHJ\ WR PRQLWRU WKH VWaWXV aQd WUHQdV RI
OLWWHU LQ WKH PaULQH HQYLURQPHQW. TKHVH LQdLcaWRUV dLVWLQJXLVK bHWZHHQ bHacK OLWWHU, IORaWLQJ OLWWHU
aQd VHaIORRU OLWWHU, aQd HacK adRSWV a XQLTXH aSSURacK WR PRQLWRULQJ. FLUVW IORaWLQJ OLWWHU LV
aVVHVVHd RQ WKH baVLV RI WKH TXaQWLW\ RI SOaVWLcV IRXQd ZLWKLQ WKH VWRPacKV RI bHacKHd IXOPaUV
IRXQd aORQJ WKH VKRUH b\ YROXQWHHU QHWZRUNV. FXOPaUV IRUaJH H[cOXVLYHO\ aW VHa aQd JHQHUaOO\ aW
WKH VXUIacH RI WKH ZaWHU, SURYLdLQJ aQ LdHaO RSSRUWXQLW\ WR WUacN WUHQdV LQ IORaWLQJ SOaVWLc OLWWHU.
SHaIORRU OLWWHU, PHaQZKLOH, LV aVVHVVHd RQ WKH baVLV RI PaQXaO aVVHVVPHQWV RI OLWWHU cRQWaLQHd
ZLWKLQ RWWHU WUaZO VXUYH\ KaXOV aQd aUH XVHd WR LQIRUP WKH dHYHORSPHQW RI PRdHO HVWLPaWHV.
FLQaOO\, bHacK OLWWHU LV aVVHVVHd XVLQJ cLWL]HQ VcLHQcH SURJUaPV (BHacKZaWcK LQ BULWaLQ aQd KHHS
NRUWKHUQ IUHOaQd BHaXWLIXO LQ NRUWKHUQ IUHOaQd) LQ ZKLcK 100 PHWHU VHcWLRQV RI bHacK, H[cOXdLQJ
PaMRU WRXULVW bHacKHV, aUH cOHaQHd aQd daWa RQ bHacK OLWWHU aUH cROOHcWHd (MaULQH CRQVHUYaWLRQ
SRcLHW\ 2023).

Table 22: LLWWHU LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

65



BHacK OLWWHU TKH aPRXQW RI OLWWHU LV UHdXcLQJ
RYHU WLPH aQd OHYHOV dR QRW SRVH a
VLJQLILcaQW ULVN WR WKH cRaVWaO aQd
PaULQH HQYLURQPHQW

Ɣ RHSRUWV OLWWHU aPRXQW, W\SH
aQd WUHQdV

CLWL]HQ VcLHQcH SURJUaP BHacKZaWcK aQd KHHS
NRUWKHUQ IUHOaQd BHaXWLIXO cROOHcWV dHWaLOV RQ WKH W\SH
aQd VRXUcH RI OLWWHU RQ UK bHacKHV

Ɣ LLWWHU LV VaPSOHd acURVV 100 PHWHU VHcWLRQ RI
bHacK, H[cOXdLQJ PaMRU WRXULVW bHacKHV

FORaWLQJ OLWWHU TKH aPRXQW RI OLWWHU LV UHdXcLQJ
RYHU WLPH aQd OHYHOV dR QRW SRVH a
VLJQLILcaQW ULVN WR WKH cRaVWaO aQd
PaULQH HQYLURQPHQW

Ɣ LRQJ-WHUP JRaO WKaW OHVV
WKaQ 10% RI IXOPaUV KaYH
OHVV WKaQ 0.1J RI SOaVWLcV
LQ WKHLU VWRPacKV

OSPAR CRRUdLQaWHd EQYLURQPHQWaO MRQLWRULQJ
PURJUaPPH GXLdHOLQHV

Ɣ DHad bHacKHd bLUdV aUH cROOHcWHd b\
YROXQWHHU QHWZRUNV

Ɣ SWRPacK cRQWHQWV aUH aQaO\]Hd LQ WKH Oab
IROORZLQJ OSPAR PHWKRdV

SHaIORRU OLWWHU TKH aPRXQW RI OLWWHU LV UHdXcLQJ
RYHU WLPH aQd OHYHOV dR QRW SRVH a
VLJQLILcaQW ULVN WR WKH cRaVWaO aQd
PaULQH HQYLURQPHQW

Ɣ IQdLcaWRU aVVHVVHV WKH
aPRXQW aQd RccXUUHQcH RI
OLWWHU

OWWHU WUaZO VXUYH\V ZLWK PaQXaO cROOHcWLRQ RI OLWWHU
LWHPV

Ɣ PURbabLOLW\ KaXO cRQWaLQV SOaVWLc aQd PHdLaQ
WRWaO OLWWHU SHU KaXO LV HVWLPaWHd aQd VPRRWKHd
XVLQJ a JHQHUaOL]Hd OLQHaU PRdHO.

InpXW of AnWhropogenic SoXnd
TKH ILQaO dHVcULSWRU IRU WKH UK MaULQH SWUaWHJ\ UHOaWHV WR aQWKURSRJHQLc VRXQd LQ WKH PaULQH
HQYLURQPHQW, LQcOXdLQJ LPSXOVLYH aQd aPbLHQW QRLVH. IPSXOVLYH QRLVH UHVXOWLQJ IURP VHLVPLc
VXUYH\V, VXb-bRWWRP SURILOLQJ, LPSacW SLOH dULYLQJ, XQcOaVVLILHd dHIHQcH acWLYLWLHV, H[SORVLYHV,
acRXVWLc dHWHUUHQcH, aQd VRPH HcKRVRXQdHUV aUH QRZ UHTXLUHd WR UHSRUW QRLVH HYHQWV WR WKH
MaULQH NRLVH RHJLVWU\, ZKLcK HQabOHV HVWLPaWHV RI WKH dLVWULbXWLRQ aQd cRQcHQWUaWLRQ RI
LPSXOVLYH QRLVH HYHQWV LQ WKH PaULQH HQYLURQPHQW (JNCC 2023). APbLHQW QRLVH, PHaQZKLOH, LV
aVVHVVHd RQ WKH baVLV RI daWa cROOHcWHd IURP 11 WHPSRUaU\ aPbLHQW QRLVH PRQLWRULQJ VWaWLRQV
WKaW ZHUH PRVWO\ cRQcHQWUaWHd LQ WKH NRUWKHUQ NRUWK SHa VXUURXQdLQJ ScRWOaQd.

Table 23: AQWKURSRJHQLc VRXQd LQdLcaWRUV, WaUJHWV aQd PRQLWRULQJ SURJUaPV

IQdLcaWRU TaUJHWV MRQLWRULQJ PURJUaPV aQd MHWKRdV

IPSXOVLYH QRLVH EVWabOLVKPHQW RI MaULQH NRLVH
RHJLVWU\

Ɣ NR VSHcLILc WaUJHWV KaYH
bHHQ dHILQHd

Ɣ CRYHUV 7 VRXUcHV
LQcOXdLQJ VHLVPLc VXUYH\V,
VXb-bRWWRP SURILOLQJ,
LPSacW SLOH dULYLQJ,
XQcOaVVLILHd dHIHQcH

MaULQH NRLVH RHJLVWU\
Ɣ CROOHcWV dHWaLOV RQ LPSXOVLYH QRLVH HYHQWV
Ɣ EQabOHV UHSRUWLQJ RI QRLVH HYHQWV SHU bORcN

da\
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acWLYLWLHV, H[SORVLYHV,
acRXVWLc dHWHUUHQcH, VRPH
HcKRVRXQdHUV

APbLHQW QRLVH NR WaUJHWV KaYH bHHQ dHILQHd 11 APbLHQW NRLVH MRQLWRULQJ SWaWLRQV
Ɣ UQdHUZaWHU acRXVWLc UHcRUdHUV aUH XVHd WR

cROOHcW aPbLHQW QRLVH daWa
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Case SWXd\ 4:

VicWoria, AXsWralia MPAN MoniWoring

EcNORQLa RHHI LLIH SXUYH\, CaSH HRZH, AXVWUaOLa, CUHdLW: PaUNV VLcWRULa
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Ke\ Lessons from Whis Case SWXd\

A rigoroXs adapWiYe managemenW approach can be applied Wo MPA managemenW as Zell
as iWs moniWoring programs. MRQLWRULQJ SURJUaPV ZHUH VXbMHcW WR SHULRdLc UHYLHZ aQd
UHaVVHVVPHQW WR HQVXUH PaQaJHPHQW UHOHYaQcH, WHcKQLcaO ULJRU, aQd cRVW-HIILcLHQc\, aQd
adRSWLRQ RI HPHUJLQJ JORbaO bHVW SUacWLcHV.

MoniWoring program reYieZ is a mXlWiWiered process WhaW can be applied Wo indiYidXal
moniWoring componenWs and programs (H.J., WKH ILVK cRPPXQLW\ PRQLWRULQJ cRPSRQHQW RI WKH
VXbWLdaO PRQLWRULQJ SURJUaP) aV ZHOO aV WKH bURadHU MPAN PRQLWRULQJ HQWHUSULVH LQ ZKLcK WKH\
aUH HPbHddHd.

MoniWoring program reYieZ shoXld consider emerging Wools and Wechnologies aQd KRZ
WKH\ Pa\ bHVW cRPSOHPHQW RU UHSOacH KLVWRULcaO PHWKRdV. TKLV SURcHVV caQ bH IacLOLWaWHd b\
HaUO\ aQd RQJRLQJ SLORW WHVWLQJ RI HPHUJLQJ PHWKRdV.

MoniWoring reYieZ shoXld inclXde a sWandardi]ed moniWoring prioriWi]aWion proWocol WR KHOS
aOLJQ PRQLWRULQJ acWLYLWLHV ZLWK WKH KLJKHVW PaQaJHPHQW SULRULWLHV aQd VcaOH PRQLWRULQJ HIIRUW WR
aYaLOabOH UHVRXUcHV.

InsighWs from moniWoring reYieZ highlighW Whe imporWance of gaining efficiencies Wo more
direcWl\ sXpporW acWion. TKLV LQcOXdHV UHILQLQJ LQdLcaWRUV WR UHdXcH UHdXQdaQc\, VWUHaPOLQLQJ
VaPSOLQJ dHVLJQV XVLQJ WLHUHd PHWKRdV aQd VHQWLQHO VLWHV, aQd OLQNLQJ LQdLcaWRUV WR PaQaJHPHQW
RbMHcWLYHV, WKUHVKROdV, aQd WULJJHUV WR PRUH H[SOLcLWO\ OLQN PaQaJHPHQW RbMHcWLYHV WR acWLRQV.

BackgroXnd
AXVWUaOLa KaV ORQJ bHHQ aW WKH IRUHIURQW RI WKH VcLHQcH aQd PaQaJHPHQW RI PaULQH SURWHcWHd
aUHaV, SaUWLcXOaUO\ IROORZLQJ WKH HVWabOLVKPHQW RI WKH GUHaW BaUULHU RHHI MaULQH PaUN LQ 1975.
AccHOHUaWLQJ LQWHUHVW LQ PaULQH SURWHcWLRQ KaV UHVXOWHd LQ WKH addLWLRQ RI PaQ\ PRUH PaULQH
SURWHcWHd aUHaV LQ AXVWUaOLaQ ZaWHUV VLQcH, cXOPLQaWLQJ LQ WKH dHcOaUaWLRQ RI a NaWLRQaO
RHSUHVHQWaWLYH S\VWHP RI MaULQH PURWHcWHd AUHaV LQ 2013 ZKLcK caPH XQdHU IXOO SURWHcWLRQ LQ
2018 (AObUHcKW HW aO. 2021). TRda\, AXVWUaOLa KaV a cRPSUHKHQVLYH QHWZRUN RI PaULQH SURWHcWHd
aUHaV HQcRPSaVVLQJ QaWLRQaO, VWaWH, aQd WHUULWRULaO PaULQH SaUNV acURVV WURSLcaO aQd WHPSHUaWH
ZaWHUV. IWV 58 QaWLRQaO AXVWUaOLaQ MaULQH PaUNV (AMPV) aUH JURXSHd LQWR ILYH UHJLRQaO QHWZRUNV
aQd WKH GUHaW BaUULHU RHHI MaULQH PaUN ORcaWHd LQ CRPPRQZHaOWK ZaWHUV (3 QaXWLcaO PLOHV IURP
VKRUH WR WKH HdJH RI LWV H[cOXVLYH HcRQRPLc ]RQH (EEZ), FigXre 9), ZKLcK aUH PaQaJHd b\
PaUNV AXVWUaOLa. IWV VWaWH PaULQH SURWHcWHd aUHaV aUH dHVLJQaWHd XVLQJ dLIIHUHQW QaPHV aQd
PaQaJHPHQW V\VWHPV b\ MXULVdLcWLRQ (H.J., MaULQH NaWLRQaO PaUNV aQd MaULQH SaQcWXaULHV LQ
VLcWRULa; MaULQH PaUNV, ATXaWLc RHVHUYHV, aQd NaWLRQaO PaUNV aQd NaWXUH RHVHUYHV LQ NHZ
SRXWK WaOHV) aQd ORcaWHd LQ QHaUVKRUH VWaWH ZaWHUV (VKRUHOLQH WR WKUHH QaXWLcaO PLOHV IURP
VKRUH). BRWK QaWLRQaO aQd VWaWH PaULQH SURWHcWHd aUHaV LQcOXdH a PL[ RI QR-WaNH aQd PXOWLSOH
XVH aUHaV. (Ha\HV HW aO. 2021, HRZH HW aO. 2023). TKLV caVH VWXd\ ZLOO IRcXV RQ WKH V\VWHP RI
PaULQH SURWHcWHd aUHaV ZLWKLQ WKH VWaWH ZaWHUV RI VicWoria, ZKLcK ZaV WKH ILUVW WR dHcOaUH VXcK a

69



OaUJH V\VWHP RI PaULQH SURWHcWHd aUHaV ZLWKLQ RQH MXULVdLcWLRQ LQ 2002 aQd ZKLcK KaV UHcHQWO\
cRPSOHWHd a 20-\ear reYieZ and prioriWi]aWion of iWs MPA s\sWem¶s MoniWoring, EYalXaWion,
and ReporWing (MER) program WKaW RIIHUV LQVLJKWV IRU PRQLWRULQJ dHVLJQ LQ QHZ MPAN cRQWH[WV
(WHVcRWW 2006, HRZH HW aO. 2023).

FigXre 9: AXVWUaOLa¶V QaWLRQaO QHWZRUN RI AXVWUaOLaQ MaULQH PaUNV (AMPV) ORcaWHd LQ CRPPRQZHaOWK
ZaWHUV. TKH aUHa LQ WKH daVKHd bR[ LV HQOaUJHd LQ WKH IROORZLQJ ILJXUH. (CUHdLW: PaUOLaPHQW RI AXVWUaOLa).
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FigXre 10: TKH VWaWH RI VLcWRULa¶V QHWZRUN RI PaULQH SURWHcWHd aUHaV, cRPSULVLQJ 24 MaULQH NaWLRQaO
PaUNV aQd SaQcWXaULHV, 6 RWKHU MPAV cRPSULVLQJ 3 MaULQH aQd CRaVWaO PaUNV, 2 MaULQH PaUNV aQd 1
MaULQH RHVHUYH (CUHdLW: HRZH HW aO. 2023).

NOTE TO READERS: MXcK RI WKH LQIRUPaWLRQ VXPPaUL]Hd bHORZ LV dUaZQ IURP a dUaIW UHSRUW
NLQdO\ VKaUHd b\ PaUNV VLcWRULa (HRZH HW aO. 2023), aQd WKH ILQaO cRQWHQWV RI VaLd UHSRUW SOaQQHd
WR bH SXbOLVKHd aV SaUW RI WKH PaUNV VLcWRULa THcKQLcaO SHULHV Pa\ dLIIHU VOLJKWO\ IURP WKH
cRQWHQWV RI WKLV caVH VWXd\.

Parks VicWoria¶s MPA MoniWoring, EYalXaWion and ReporWing Program

The EYolXWion of VicWoria¶s MER Program
MRQLWRULQJ, HYaOXaWLRQ, aQd UHSRUWLQJ SOa\V a YLWaO UROH LQ HYaOXaWLQJ PaQaJHPHQW HIIHcWLYHQHVV
aQd LQIRUPLQJ HYLdHQcH-baVHd PaQaJHPHQW. TKH cRUH cRPSRQHQWV RI VLcWRULa¶V RULJLQaO MER
SURJUaP ZHUH LQLWLaWHd aV IaU bacN aV 1998, SULRU WR dHVLJQaWLRQ RI WKH QHWZRUN LQ 2002. IQ WKHVH
HaUO\ \HaUV, PRQLWRULQJ IRcXVHd PaLQO\ RQ VXbWLdaO aQd LQWHUWLdaO UHHIV acURVV PaQ\ MPAV, bXW
IRcXVHd RQ a VPaOO WKRXJK HcRORJLcaOO\ aQd VRcLaOO\ LPSRUWaQW SURSRUWLRQ RI HacK SaUN¶V aUHa
(HRZH HW aO. 2023). TKH RULJLQaO PRQLWRULQJ SURJUaP KaV HYROYHd RYHU WLPH aV PaQaJHPHQW
VWUaWHJLHV PaWXUHd, QHZ LQIRUPaWLRQ HPHUJHd, aQd RQJRLQJ UHYLHZ SURYLdHd LQVLJKWV WR JXLdH
UHILQHPHQWV WR cXUUHQW SUacWLcH aV SaUW RI JRRd adaSWLYH PaQaJHPHQW (HRZH HW aO. 2023).

A UHYLHZ RI PaQaJHPHQW SULRULWLHV OHd WR a VKLIW WRZaUdV acWLRQ-RULHQWHd SOaQQLQJ XVLQJ WKH
NaWXUH CRQVHUYaQc\¶V ConserYaWion AcWion Planning (CAP) IUaPHZRUN ZKLcK dUaZV a cOHaUHU
OLQH RI VLJKW IURP SOaQV WR acWLRQV µRQ WKH JURXQd¶.. AdRSWLRQ RI WKLV IUaPHZRUN OHd WR WKH
dHYHORSPHQW RI LQWHULP CRQVHUYaWLRQ AcWLRQ POaQV (CAPV) IRU HacK SaUN LQ 2013, ZKLcK LQ WXUQ
SURPSWHd a PRUH cRPSUHKHQVLYH UHYLHZ aQd XSdaWH RI WKH MER SURJUaP bHWZHHQ 2015 aQd
WKH SUHVHQW WR bHWWHU aOLJQ PRQLWRULQJ SULRULWLHV ZLWK WKLV QHZ aVVHW-OHd aSSURacK WR cRQVHUYaWLRQ
RXWcRPHV. TKLV SURcHVV aVVHVVHd WKH YaOXH RI LQIRUPaWLRQ dHOLYHUHd WKURXJK cXUUHQW SUacWLcH,
cRQVLdHUHd WKH LQWHJUaWLRQ RI QHZ WHcKQRORJLHV, PRQLWRULQJ dHVLJQV, aQd dHOLYHU\ PRdHOV, aQd
XQdHUWRRN a PRQLWRULQJ SULRULWL]aWLRQ SURcHVV WR IRcXV RQ JaWKHULQJ LQIRUPaWLRQ UHOHYaQW IRU WKH
KLJKHVW PaQaJHPHQW SULRULWLHV aQd HQVXUH WKH bHVW XVH RI OLPLWHd UHVRXUcHV (HRZH HW aO. 2023).

MoniWoring FrameZork and Principles
PaUNV VLcWRULa¶V MER SURJUaP LV dULYHQ b\ LWV CRQVHUYaWLRQ AcWLRQ POaQV aQd LV RSHUaWLRQaOL]Hd
WKURXJK WZR QHVWHd OHYHOV RI PRQLWRULQJ, HYaOXaWLRQ, aQd UHSRUWLQJ WKaW HQcRPSaVV bRWK
WHUUHVWULaO aQd PaULQH SaUNV.

TKH Signs of a HealWh\ Parks Program ZaV dHYHORSHd WR HQVXUH µV\VWHPaWLc, URbXVW, aQd
LQWHJUaWHd HcRORJLcaO PRQLWRULQJ¶ WR PRQLWRU WKH KHaOWK RI LQdLYLdXaO SaUNV XVLQJ a UaQJH RI
SaUN-VSHcLILc LQdLcaWRUV. MRQLWRULQJ WKURXJK WKLV SURJUaP adKHUHV WR a bURadHU PRQLWRULQJ
IUaPHZRUN aQd WLHUHd PRQLWRULQJ KLHUaUcK\. TKH moniWoring frameZork dHVcULbHV WKH
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UHOaWLRQVKLSV bHWZHHQ WKUHH dLIIHUHQW W\SHV RI PRQLWRULQJ caUULHd RXW LQ HacK SaUN, LQcOXdLQJ
acWLYLW\ PRQLWRULQJ WR aVVHVV PaQaJHPHQW HIILcLHQc\, WKUHaW PRQLWRULQJ WR aVVHVV PaQaJHPHQW
HIIHcWLYHQHVV PRQLWRULQJ, aQd QaWXUaO YaOXHV PRQLWRULQJ WR aVVHVV PaQaJHPHQW RXWcRPHV
(FigXre 11). TKLV IUaPHZRUN LV SaLUHd ZLWK a WLHUHd moniWoring hierarch\ WKaW LQcOXdHV WKUHH
dLIIHUHQW OHYHOV RI PRQLWRULQJ: TXaOLWaWLYH (H.J., RbVHUYaWLRQV aQd SKRWR SRLQWV WR aVVHVV bURad
cKaQJHV RYHU WLPH), VHPL-TXaQWLWaWLYH (H.J., aSSUR[LPaWH PHaVXUHV RI WKH VWaWXV aQd H[WHQW RI
WKUHaWV XVLQJ VLPSOH bXW cRQVLVWHQW aQd UHSHaWabOH UaSLd aVVHVVPHQWV), aQd TXaQWLWaWLYH (H.J.,
VcLHQWLILcaOO\ URbXVW PRQLWRULQJ SURWRcROV WR dLUHcWO\ PHaVXUH cKaQJH). TKLV KLHUaUcK\
acNQRZOHdJHV WKaW WKH LQWHQVLYH TXaQWLWaWLYH PRQLWRULQJ Pa\ QRW bH UHTXLUHd LQ aOO PRQLWRULQJ
TXHVWLRQV RU cRQWH[WV aQd LdHQWLILHV ZKLcK OHYHOV RI PRQLWRULQJ aUH aSSURSULaWH JLYHQ YaULRXV
WUadH-RIIV WR SULRULWL]H WKH aOORcaWLRQ RI PRQLWRULQJ UHVRXUcHV (HRZH HW aO. 2023).

TKH UHOaWHd SWaWe of Whe Parks (SoP) Program SURYLdHV a PRUH KROLVWLc HYaOXaWLRQ RI VLcWRULa¶V
RYHUaOO SaUNV QHWZRUN aQd LWV HIIHcWLYHQHVV LQ PHHWLQJ SaUN PaQaJHPHQW JRaOV acURVV IRXU
bURad VRcLR-HcRORJLcaO dLPHQVLRQV: NaWXUaO VaOXHV; TUadLWLRQaO OZQHU (IQdLJHQRXV) CXOWXUaO
VaOXHV; HLVWRULc HHULWaJH; aQd VLVLWRU E[SHULHQcH. TKLV SRP aSSURacK LV baVHd RQ WKH
LQWHUQaWLRQaOO\ UHcRJQLVHd MaQaJHPHQW EIIHcWLYHQHVV FUaPHZRUN IURP WKH IUCN WRUOd
CRPPLVVLRQ RQ PURWHcWHd AUHaV (HRcNLQJV HW aO. 2006). AQ SRP aVVHVVPHQW LV cRPSOHWHd HYHU\
WKUHH \HaUV dUaZLQJ RQ a bURad UaQJH RI LQIRUPaWLRQ VRXUcHV, LQcOXdLQJ PRQLWRULQJ RXWcRPHV
IURP WKH SLJQV RI a HHaOWK\ PaUNV PURJUaP aQd RWKHU PRQLWRULQJ SURJUaPV, SaUN PaQaJHU
H[SHULHQcHV aQd RbVHUYaWLRQV, WKH NQRZOHdJH RI VSHcLaOLVWV aQd H[SHUWV, aQd WKH ORcaO,
IQdLJHQRXV aQd cXOWXUaO NQRZOHdJH RI TUadLWLRQaO OZQHUV aQd cRPPXQLWLHV (HRZH HW aO. 2023).

FigXre 11: A IUaPHZRUN LOOXVWUaWLQJ WKH UHOaWLRQVKLS bHWZHHQ WKH WKUHH W\SHV RI PRQLWRULQJ XQdHUSLQQLQJ
PRQLWRULQJ SURJUaPV acURVV aOO PaUNV VLcWRULa¶V WHUUHVWULaO aQd PaULQH SaUN PRQLWRULQJ SURJUaPV, LQcOXdLQJ
LWV MPAV. RHSURdXcHd IURP HRZH HW aO. 2023.
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MoniWoring IndicaWor SelecWion
TKH dHYHORSPHQW RI CRQVHUYaWLRQ AcWLRQ POaQV (CAPV) IRU MPAV HQabOHd WKH dHYHORSPHQW RI
VSHcLILc, SaUN-OHYHO PRQLWRULQJ SULRULWLHV aQd LQdLcaWRUV IRU NH\ HcRORJLcaO aWWULbXWHV aQd WKUHaWV
IRU HacK SaUN. CaQdLdaWH LQdLcaWRUV ZHUH cRPSLOHd IURP UHOHYaQW OLWHUaWXUH aQd H[SHUW
cRQVXOWaWLRQ aQd VcUHHQHd XVLQJ a VHW RI QLQH indicaWor selecWion criWeria aV a JXLdLQJ
IUaPHZRUN. TKHVH LQcOXdHd IRXU HVVHQWLaO TLHU 1 cULWHULa, ZKHUH LQdLcaWRUV PHHWLQJ WKHVH cULWHULa
ZHUH WKHQ aVVHVVHd XVLQJ a IXUWKHU ILYH TLHU 2 cULWHULa (TabOH 24).

Table 24: PaUNV VLcWRULa MPA MRQLWRULQJ IQdLcaWRU SHOHcWLRQ CULWHULa (dHWaLOV RI UaWLQJ VcaOHV aYaLOabOH LQ
aSSHQdLcHV WR HRZH HW aO. 2023)

Parks VicWoria MPA MoniWoring IndicaWor SelecWion CriWeria
Tier 1 Tier 2

Ɣ CRVW
Ɣ LRZ YaULabLOLW\
Ɣ LLQN WR QaWXUaO YaOXH
Ɣ LRZ LPSacW

Ɣ SHQVLWLYLW\ aQd UHVSRQVLYH WR WKUHaWV
Ɣ SWaWH RI PHWKRdRORJ\
Ɣ UVHd b\ SaUWQHUV
Ɣ SLPSOLcLW\ RI PHWKRdV
Ɣ EaUO\ ZaUQLQJ (aQWLcLSaWRU\)

MoniWoring Tools and MeWhods
KH\ PRQLWRULQJ SURJUaPV LQ VLcWRULa¶V MPAN KaYH UHOLHd RQ a ZLdH UaQJH RI PHWKRdV aQd
WHcKQRORJLHV LPSOHPHQWHd LQ SaUWQHUVKLS ZLWK SaUN VWaII, LQdXVWU\ cRQWUacWRUV, acadHPLc
SaUWQHUV, aQd cLWL]HQ VcLHQWLVWV. TKHVH LQcOXdH a cRPbLQaWLRQ RI KLVWRULcaO PHWKRdV VXcK aV
LQWHUWLdaO aQd XQdHUZaWHU YLVXaO cHQVXV aQd VRIW VHdLPHQW VaPSOLQJ aQd WKH PRUH UHcHQW
adRSWLRQ RI HPHUJLQJ PHWKRdV VXcK aV ILVKHULHV-LQdHSHQdHQW WUaSSLQJ VXUYH\V, dLYHU-RSHUaWHd
YLdHR VXUYH\V, baLWHd UHPRWH XQdHUZaWHU YLdHR (BRUV) VWaWLRQV, UHPRWHO\ RSHUaWHd XQdHUZaWHU
YHKLcOHV (ROVV), aQd WRZHd YLdHR (HRZH HW aO. 2023).

MaQ\ RI KLVWRULcaO PRQLWRULQJ SURJUaPV XVLQJ WKHVH PHWKRdV KaYH XQdHUJRQH WKHLU RZQ SHULRdLc
UHYLHZ WR LPSURYH WKHLU VWaWLVWLcaO ULJRU WKURXJK WKH adRSWLRQ RI PRUH VWaWLVWLcaOO\ ULJRURXV
VaPSOLQJ dHVLJQV (H.J., bHIRUH-aIWHU-cRQWURO-LPSacW RU BACI dHVLJQV) aQd aQaO\VHV aQd WR
LQcUHaVH WKHLU RYHUaOO UHOHYaQcH WR PaQaJHPHQW RbMHcWLYHV (KHRJK HW aO. 2007, HRZH HW aO.
2023). MRUH UHcHQWO\, WKH dHYHORSPHQW RI SaUN-OHYHO PRQLWRULQJ SULRULWLHV aQd SRWHQWLaO
LQdLcaWRUV LQ 2013 KaYH aOVR KHOSHd WR LQIRUP HaUO\ WULaOV RI QHZ PRQLWRULQJ PHWKRdV aQd
WHcKQRORJLHV (H.J., AUVV, dURQHV, UHPRWH VHQVLQJ WHcKQLTXHV) WR KHOS LQIRUP WKH RQJRLQJ
LQdLcaWRU VHOHcWLRQ SURcHVV. MaQ\ RI WKHVH WULaOV RccXUUHd aV SaUW RI UHVHaUcK SURJUaPV RU
SURMHcWV ZLWK acadHPLc SaUWQHUV, ZKHUH OHVVRQV OHaUQHd IURP WULaOV OHd WR UHcRPPHQdaWLRQV QRZ
bHLQJ XVHd WR dHYHORS LQ-KRXVH PRQLWRULQJ acWLYLWLHV WKURXJK PaUNV VLcWRULa (HRZH HW aO. 2022).
AV PaQ\ RI WKHVH aUH UHVRXUcH-LQWHQVLYH TXaQWLWaWLYH PRQLWRULQJ PHWKRdV WKaW caQQRW
QHcHVVaULO\ bH LPSOHPHQWHd LQ HacK MPA LQ HacK \HaU, PaUNV VLcWRULa LV aOVR LQ WKH SURcHVV RI
dHYHORSLQJ aQd WHVWLQJ a VHPL-TXaQWLWaWLYH RaSLd HHaOWK AVVHVVPHQW SURWRcRO WKaW cRPSOHPHQWV
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PRUH TXaQWLWaWLYH PRQLWRULQJ aQd SURYLdHV a WRRO IRU SaUNV VWaII WR cRQdXcW PRUH UHJXOaU µKHaOWK
cKHcNV¶ RI WKH MPAV WKH\ PaQaJH aQd LPSURYH ORcaO caSacLW\ IRU WUacNLQJ cKaQJHV LQ HcRV\VWHP
YaOXHV aQd WUHaWV RYHU WLPH (HRZH HW aO. 2023).

EYalXaWion and ReporWing

TKH RXWcRPHV RI PRQLWRULQJ SURJUaPV aUH PHaQW WR LQIRUP URbXVW HYaOXaWLRQ aQd UHSRUWLQJ
IUaPHZRUNV WR VXSSRUW HYLdHQcH-baVHd PaQaJHPHQW. TKH HYaOXaWLRQ aQd UHSRUWLQJ SURcHVV IRU
PaUNV VLcWRULa KaV HYROYHd RYHU WKH \HaUV WKURXJK cROOabRUaWLRQ ZLWK VcLHQcH SaUWQHUV WR adRSW
JORbaO bHVW SUacWLcH aQd IacLOLWaWH WKH LQWHJUaWLRQ LQWR UHJLRQaO SWaWH RI WKH PaUNV UHSRUWLQJ.

AORQJVLdH WKH dHYHORSPHQW RI CRQVHUYaWLRQ AcWLRQ POaQV, PaUNV VLcWRULa cRPPLVVLRQHd a
UHVHaUcK SURMHcW WR dHYHORS aQ LQLWLaO IUaPHZRUN IRU dHWaLOHd UHSRUWV aQd UHSRUW caUdV IRU XVH LQ
MPA HYaOXaWLRQ aQd UHSRUWLQJ. TKHVH SLORW UHSRUW caUdV LQcRUSRUaWHd a cRPbLQaWLRQ RI
TXaQWLWaWLYH, VHPL-TXaQWLWaWLYH, aQd TXaOLWaWLYH LQIRUPaWLRQ LQWHQdHd WR SURYLdH WLPHO\, accXUaWH,
aQd UHOLabOH LQIRUPaWLRQ RQ WKH SaVW aQd SUHVHQW VWaWXV RI NH\ LQdLcaWRUV aQd PaNH
UHcRPPHQdaWLRQV IRU LPSURYHPHQW. TKH dHYHORSPHQW RI WKHVH UHSRUW caUdV aOVR cRQVLdHUHd WKH
WKH QHHdV RI dLIIHUHQW aXdLHQcHV, aQd SURSRVHd a Wiered approach Wo reporWing acURVV a
VSHcWUXP RI daWa aJJUHJaWLRQ: LHYHO 1 UHSRUWLQJ RI KLJKO\ aJJUHJaWHd PHWULcV IRU WKH cRPPXQLW\,
SROLc\-PaNHUV, aQd SaUN VHUYLcH SaUWQHUV; LHYHO 2 UHSRUWLQJ RI LQdLcaWRUV, LQdLcHV, aQd UHOaWHd
LQIRUPaWLRQ IRU SaUN PaQaJHUV aQd WKH VcLHQcH aQd UHVHaUcK cRPPXQLW\, aQd ILQaOO\ LHYHO 3
UHSRUWLQJ RI PRUH dLVaJJUHJaWHd SURcHVVHd daWa aQd VWaWLVWLcV IRU WKH PRVW WHcKQLcaO VcLHQcH
aQd UHVHaUcK aXdLHQcH. TKLV LQLWLaWLYH UHYHaOHd WKH cRQVLdHUabOH HIIRUW UHTXLUHd IRU JHQHUaWLQJ
dHWaLOHd UHSRUW caUdV aQd WKH SURMHcW, WKRXJK XOWLPaWHO\ VcaOHd bacN IURP LWV RULJLQaO YLVLRQ RI
dHOLYHULQJ UHSRUWV IRU HacK MPA, SURYLdHd LPSRUWaQW OHVVRQV OHaUQHd WKaW ZHUH caUULHd IRUZaUd
LQWR WKH PRVW UHcHQW PRQLWRULQJ SURJUaP UHYLHZ WR LQIRUP cRQWHPSRUaU\ aSSURacKHV WR UHSRUWLQJ
(HRZH HW aO. 2023).

TKH XVH RI conWrol charWs aQd indicaWor Whresholds LV a cRUH HOHPHQW RI WKH UHSRUW caUd SURMHcW
caUULHd IRUZaUd LQWR cRQWHPSRUaU\ UHSRUWLQJ. CRQWURO cKaUWV aUH VLPSOH OLQH JUaSKV WKaW WUacN a
JLYHQ PHaVXUH (H.J., VcRUHV IRU aQ LQdLcaWRU) RYHU WLPH LQ UHOaWLRQ WR XSSHU aQd ORZHU µcRQWURO
OLPLWV¶ RU WKaW acW aV WULJJHUV IRU PaQaJHPHQW acWLRQ (H.J., cRQWLQXLQJ H[LVWLQJ PRQLWRULQJ,
LQLWLaWLQJ addLWLRQaO PRQLWRULQJ RU UHVHaUcK WR LdHQWLI\ dULYHUV RI cKaQJH, a VSHcLILc PaQaJHPHQW
acWLRQ WR cRQWURO WKH cKaQJH, RU HYHQ QR acWLRQ) (CaUH\ HW aO. 2015).

ConWrol limiWs Pa\ LQcOXdH RQH RU PRUH SUHcaXWLRQaU\ µZaUQLQJ¶ OLPLWV WKaW WULJJHU IXUWKHU
LQYHVWLJaWLRQ RU XUJHQW µacWLRQ OLPLWV¶ WKaW WULJJHU WKH QHHd IRU LPPHdLaWH acWLRQ, aQd bRWK aUH
RIWHQ LQcOXdHd RQ a cRQWURO cKaUW. TKH YaOXH IRU WKHVH OLPLWV W\SLcaOO\ dHSHQdV RQ WKH W\SH RI
LQdLcaWRU, ZLWK QaWXUaO LQdLcaWRUV W\SLcaOO\ IRcXVHd RQ ORZHU OLPLWV (H.J., PLQLPXP YLabOH
SRSXOaWLRQ VL]H, PLQLPXP dHQVLWLHV LQ KLVWRULcaO baVHOLQH) ZKLOH WKUHaW LQdLcaWRUV aUH W\SLcaOO\
baVHd RQ XSSHU OLPLWV (H.J., Pa[LPXP aOORZabOH cRQcHQWUaWLRQ RI cRQWaPLQaQWV IRU ZaWHU TXaOLW\
LQdLcaWRUV), aOWKRXJK VRPH LQdLcaWRUV Pa\ KaYH bRWK (H.J., QaWLYH VHa XUcKLQV ZKLcK SOa\ aQ
LPSRUWaQW UROH LQ WKH HcRV\VWHP aW ORZ dHQVLWLHV bXW caQ RYHUJUa]H aQd KaUP HcRV\VWHPV aW
KLJK dHQVLWLHV) (CaUH\ HW aO. 2015, HRZH HW aO. 2023). FXUWKHU WHcKQLcaO JXLdaQcH RQ
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VWaWLVWLcaOO\-VRXQd PHWKRdV IRU hoZ Wo esWablish conWrol limiWs LV aYaLOabOH LQ WKH aSSHQdLcHV WR
CaUH\ HW aO. (2015). IQ addLWLRQ, cRQWURO cKaUWV Pa\ bH dHYHORSHd IRU bRWK LQdLYLdXaO LQdLcaWRUV
(H.J., VSHcLHV abXQdaQcH) aQd aJJUHJaWH RU V\QWKHWLc LQdLcaWRUV (H.J., bLRPaVV RI PRbLOH ILVKHV,
ZaWHU TXaOLW\ LQdH[). IPSRUWaQWO\, cRQWURO OLPLWV aUH SaUWO\ HYLdHQcH baVHd bXW aOVR dHSHQd RQ
ZKHUH WKUHVKROdV aUH VHW, aQd VKRXOd aOVR bH UHYLHZHd aQd XSdaWHd aV HQYLURQPHQWaO
cRQdLWLRQV aQd WKH PaQaJHPHQW cRQWH[W cKaQJHV RYHU WLPH.

FigXre 12: TUaIILc OLJKW VW\OH cKaUW LQcOXdLQJ WKUHVKROdV RU WULJJHUV IRU PaQaJHPHQW acWLRQ aQd aQ H[aPSOH
RI KRZ LW LV WUaQVOaWHd LQWR a cRQWURO cKaUW IRU a VSHcLILc LQdLcaWRU, WKH abXQdaQcH RI bOXH-WKURaWHd ZUaVVH
(Notolabrus trtricus) YaULHV RYHU WLPH bRWK LQVLdH (bOacN OLQHV) aQd RXWVLdH (JUH\ OLQHV) aQ MPA baVHd RQ
dLYHU WUaQVHcW daWa. TKHVH cKaUWV KaYH a ORZHU OLPLW RI accHSWabOH cKaQJH (LLAC, WRS RI WKH \HOORZ baQd ±
VHW aV WKH PLQLPXP YaOXH LQVLdH WKH MPA IURP WUaQVHcW VXUYH\V IURP 1998 WR 2002 SULRU WR SaUN
HVWabOLVKPHQW) aQd ORZHU cRQWURO OLPLW (LCL, daVKHd OLQH aW WRS RI UHd baQd) baVHd RQ WKH YaULaWLRQ IURP
VXUYH\V, ZKLcK LQdLcaWH WKH OHYHO aW ZKLcK cRQdLWLRQV aUH VXIILcLHQWO\ SRRU WKaW VRPH PaQaJHPHQW
UHVSRQVH LV UHTXLUHd. FLJXUHV UHSURdXcHd IURP TaVPaQLaQ PaUNV & WLOdOLIH SHUYLcH 2013 (XSSHU SORW),
IHURdLacRQRX HW. aO. 2022 (ORZHU SORW), aQd WLNLPHdLa CRPPRQV (SKRWR, XVHd XQdHU a CC b\ 2.0 OLcHQcH).

CRQWURO cKaUWV aQd OLPLWV QRZ aSSHaU LQ LQWHJUaWHd PRQLWRULQJ SURJUaP aQd RXWcRPH UHSRUWV IRU
LQdLYLdXaO MPAV ZLWKLQ VLcWRULa¶V QHWZRUN (H.J., YRXQJ HW aO. 2023, WKLWPaUVK HW aO. 2023) aQd
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LOOXVWUaWH WKaW LW RIWHQ WaNHV 10 WR 15 \HaUV RU PRUH WR VHH a VLJQLILcaQW UHVSRQVH IRU VRPH
VSHcLHV WR SURWHcWLRQ ZLWKLQ aQ MPA.

PaUNV VLcWRULa SXbOLVKHV WKH UHVXOWV RI PRVW RI LWV PaULQH UHVHaUcK aQd PRQLWRULQJ LQ SXbOLcO\
accHVVLbOH PaUNV VLcWRULa THcKQLcaO SHULHV UHSRUWV WR PHHW WKHLU cRPPLWPHQW WR UHSRUWLQJ
RXWcRPHV UHOHYaQW WR a bURadHU aXdLHQcH. TKHVH WHcKQLcaO UHSRUWV aUH RIWHQ SaLUHd ZLWK
cRPSOHPHQWaU\ cRPPXQLcaWLRQ SURdXcWV, LQcOXdLQJ VLPSOHU UHVHaUcK aQd PRQLWRULQJ VXPPaULHV
WR PaNH PRQLWRULQJ RXWcRPHV PRUH accHVVLbOH WR a bURadHU aXdLHQcH (HRZH HW aO. 2023).

FigXre 13: SaPSOH SaQHOV IURP a VXPPaU\ UHSRUW caUd IRU WKH YaULQJa MaULQH NaWLRQaO PaUN HPHUJLQJ
IURP WKH UHSRUW caUd SLORW SURMHcW aQd HPSKaVL]LQJ YLVXaO UHSRUWLQJ WKURXJK YLVXaO cRQcHSWXaO PRdHOV,
WUaIILc OLJKW LQdLcaWRU dLaJUaPV, aQd cRQWURO cKaUWV (RHSURdXcHd IURP CaUH\ HW aO. 2015).

ReYieZ and RedeYelopmenW of Whe MER Program

TKH dHYHORSPHQW RI LQWHULP MPA CRQVHUYaWLRQ AcWLRQ POaQV (CAPV) LQ 2013, WKH RXWcRPHV RI
SULRU UHYLHZV aQd aXdLWV RI PRQLWRULQJ SURJUaPV, aQd SUacWLcaO OHVVRQV OHaUQHd WKURXJK SUacWLcaO
LPSOHPHQWaWLRQ RI PRQLWRULQJ SURJUaPV VLQcH WKHLU LQLWLaWLRQ SURPSWHd PaUNV VLcWRULa WR LQLWLaWH a
SURcHVV LQ 2014 WR dHYHORS a QHZ, LQWHJUaWHd, aQd VWUHaPOLQHd VWaWH-ZLdH PRQLWRULQJ SURJUaP
IRU VLcWRULa¶V MPAN WR bHWWHU LQIRUP PaQaJHPHQW (HRZH HW aO. 2023).

MoniWoring PrioriWi]aWion
WKLOH CAPV LdHQWLI\ PRQLWRULQJ SULRULWLHV aQd LQdLcaWRUV VSHcLILc WR HacK MPA, LW ZaV QRW
SUacWLcaO WR PRQLWRU aOO RI WKHVH PaQ\ LQdLcaWRUV aW a VWaWHZLdH VcaOH. FRU WKLV UHaVRQ, WKH UHYLHZ
aQd UHdHYHORSPHQW SURcHVV bHJaQ ZLWK a moniWoring prioriWi]aWion process WR LdHQWLI\ WKH
VXbVHW RI WKRVH LQdLcaWRUV UHSUHVHQWLQJ WKH KLJKHVW SULRULWLHV IRU LQcOXVLRQ LQ a QHWZRUN-VcaOH
PRQLWRULQJ SURJUaP. A PRQLWRULQJ SULRULWL]aWLRQ SURcHVV ZaV dHYHORSHd aQd HQdRUVHd XQdHU WKH
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RYHUVLJKW RI PaUNV VLcWRULa¶V ScLHQcH aQd MaQaJHPHQW EIIHcWLYHQHVV AdYLVRU\ CRPPLWWHH
(SMEAC) aQd LQcOXdHd WKUHH SURJUHVVLYH VWaJHV RI SULRULWL]aWLRQ:

Ɣ FirsW Pass ± PrioriWi]ing SiWes: TKH ILUVW SaVV aLPHd WR SULRULWL]H MPAV WKHPVHOYHV aV
WKH baVLc XQLW RI PaQaJHPHQW. BaVHd RQ PaQaJHPHQW RbMHcWLYHV HPSKaVL]LQJ
UHSUHVHQWaWLRQ acURVV KabLWaWV, WKH RbMHcWLYH ZaV WR KaYH aW OHaVW RQH MPA IURP HacK
PaULQH bLRUHJLRQ LdHQWLILHd aV a SULRULW\ RU µVHQWLQHO¶ MPA.

Ɣ Second Pass ± PrioriWi]ing ValXes: TKH VHcRQd SaVV aLPHd WR SULRULWL]H NH\ HcRORJLcaO
YaULabOHV aQd LQdLcaWRUV aPRQJ WKH MPAV VKRUW-OLVWHd LQ WKH ILUVW SaVV.

Ɣ Third Pass ± PrioriWi]ing ThreaWs: TKH VHcRQd SaVV aLPHd WR SULRULWL]H NH\ WKUHaW
YaULabOHV aQd LQdLcaWRUV UHOHYaQW WR WKH NH\ HcRORJLcaO YaOXHV VKRUW-OLVWHd LQ WKH VHcRQd
SaVV.

PULRULWL]aWLRQ ZaV caUULHd RXW XVLQJ RQH VWaQdaUd VHW RI SULRULWL]aWLRQ cULWHULa, ZKHUH dLIIHUHQW
VXbVHWV RI cULWHULa ZHUH aSSOLHd WR HacK VWHS aQd XVHd aV a JXLdH UaWKHU WKaQ a ULJLd VcUHHQLQJ
WRRO. TKLV SULRULWL]aWLRQ SURcHVV XOWLPaWHO\ LdHQWLILHd fiYe senWinel siWes WR SULRULWL]H IRU VWaWHZLdH
PRQLWRULQJ, WKRXJK LW ZaV LQWHQdHd WKaW RWKHU PRQLWRULQJ SULRULWLHV IRU HacK MPA ZRXOd VWLOO bH
addUHVVHd aW a VLWH VcaOH WKURXJK a ZLdH UaQJH RI dHOLYHU\ PRdHOV ZKHQHYHU SRVVLbOH (HRZH HW
aO. 2023).

Table 25: MRQLWRULQJ SULRULWL]aWLRQ cULWHULa XVHd WR LdHQWLI\ a VXbVHW RI PRQLWRULQJ SULRULWLHV IRU a VWaWH-ZLdH
MPA PRQLWRULQJ SURJUaP IRU VLcWRULa¶V MaULQH NaWLRQaO PaUNV aQd SaQcWXaULHV (dHWaLOV RI UaWLQJ VcaOHV
aYaLOabOH LQ aSSHQdLcHV WR HRZH HW aO. 2023).

NR. CUiWeUia
1VW PaVV
PUiRUiW\
MPAV

2Qd PaVV
PUiRUiW\
ValXeV

3Ud PaVV
PUiRUiW\
ThUeaWV

1 PURWHFWLRQ OHYHO / I8CN FDWHJRU\ RI WKH MDULQH PURWHFWHG AUHD? ✔

2 DRHV WKH SDUN LQFOXGH VLJQLILFDQW YDOXHV WKDW DUH DW
ULVN? / IV LW D VLJQLILFDQW YDOXH?

✔ ✔

3
:KDW LV WKH FXUUHQW OHYHO RI LQYHVWPHQW LQ PDQDJHPHQW RU LI WKHUH LV
FXUUHQWO\ OLPLWHG PDQDJHPHQW DUH WKHUH IHDVLEOH PDQDJHPHQW
RSWLRQV DYDLODEOH?

✔ ✔ ✔

4
:KDW LV WKH RYHUDOO OHYHO RI ULVN WR WKH YDOXHV/HFRV\VWHPV LQ WKH SDUN
WR YDULRXV WKUHDWV?

✔ ✔

5
IV WKH SDUN KLJK SURILOH DQG SDUWLFXODUO\ LPSRUWDQW WR WKH
FRPPXQLW\/LPSRUWDQW IRU VRFLDO YDOXHV?

✔

6
:LOO PRQLWRULQJ SURJUDPV KHOS GHPRQVWUDWH WKH EHQHILW RI MPAV WR
ELRGLYHUVLW\ FRQVHUYDWLRQ DQG DQ\ VHFRQGDU\ EHQHILWV EH\RQG SDUN
ERXQGDULHV?

✔ ✔
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NR. CUiWeUia
1VW PaVV
PUiRUiW\
MPAV

2Qd PaVV
PUiRUiW\
ValXeV

3Ud PaVV
PUiRUiW\
ThUeaWV

7
DRHV WKH YDOXHV /WKUHDW IDOO ZLWKLQ D EURDGHU ODQGVFDSH VFDOH
PRQLWRULQJ SURJUDP RU SURJUDPV EHLQJ LPSOHPHQWHG E\ RWKHUV
ZKHUH WKH GDWD FDQ EH XVHG E\ PDUNV 9LFWRULD?

✔ ✔

8 DRHV PDUNV 9LFWRULD DQG LWV SDUWQHUV KDYH WKH FDSDFLW\ WR FRPPLW WR D
ORQJ-WHUP PRQLWRULQJ SURJUDP?

✔ ✔

9 AUH WKHUH H[LVWLQJ YDOXDEOH ORQJ WHUP PRQLWRULQJ
GDWD VHWV IRU WKH HFRV\VWHP/SDUN?

✔ ✔

10 :KDW DUH WKH OLNHO\ FRVWV RI WKH GHOLYHU\ RSWLRQV IRU WKH PRQLWRULQJ
SURJUDP(V) (IRU YDOXHV DQG WKUHDWV)?

✔ ✔

11
AUH WKHUH DQ\ NH\ HPHUJLQJ WKUHDWV ZKHUH PDUNV 9LFWRULD VKRXOG KDYH
D PRQLWRULQJ SURJUDP LQ SODFH WR DOORZ LW WR DVVHVV WKH LPSDFW RQ NH\
SDUN YDOXHV DQG UHVSRQG LQ D WLPHO\ PDQQHU?

✔

ReYised Sampling and EYalXaWion Approach

Ke\ EYalXaWion QXesWions
OQcH VHQWLQHO VLWHV aQd NH\ LQdLcaWRUV ZHUH LdHQWLILHd, LW ZaV aOVR QHcHVVaU\ WR UH-HYaOXaWH WKH
RSWLPaO VSaWLaO aQd WHPSRUaO VaPSOLQJ dHVLJQ WR HQVXUH VWaWLVWLcaOO\ ULJRURXV UHVXOWV aQd aVVHVV
ZKLcK PRQLWRULQJ PHWKRdV aQd dHOLYHU\ PRdHOV ZHUH PRVW VXLWabOH. TKH RYHUaOO JRaO IRU WKLV
SURcHVV ZaV WR ma[imi]e Whe sWaWisWical poZer Wo deWecW change LQ WKH cRQWURO cKaUWV ZLWK
high confidence aURXQd ZKHWKHU LQdLcaWRUV aUH ZLWKLQ HVWabOLVKHd cRQWURO OLPLWV (HRZH HW aO.
2023). TR acKLHYH WKLV, WKH UHVXOWV RI SULRU UHYLHZV RI LQdLYLdXaO PRQLWRULQJ SURJUaPV ZHUH
caUULHd IRUZaUd WR UHcRPPHQd VaPSOLQJ aQd aQaO\WLcaO aSSURacKHV IRU WKH VWaWH-ZLdH SURJUaP.
EYaOXaWLRQ IRcXVHd RQ WZo ke\ qXesWions aQd WKHLU aVVRcLaWHd VWaWLVWLcaO aQaO\VLV PHWKRdV,
ZKLcK LQ WXUQ dURYH UHcRPPHQdaWLRQV IRU ILHOd VaPSOLQJ dHVLJQ WR PHHW WKH cRQdLWLRQV RI WKRVH
aQaO\VHV ZLWK VXIILcLHQW VWaWLVWLcaO ULJRU (KHRJK HW aO. 2007):

Ɣ Is Where a difference beWZeen samples Waken inside / oXWside of an MPA for a giYen
Yariable aW an\ giYen Wime? TKLV cRPSaULVRQ LV HYaOXaWHd XVLQJ SaLUHd VWaWLVWLcaO WHVWV

Ɣ Is Where a change oYer Wime Zhen comparing samples Waken inside Whe MPA
relaWiYe Wo reference siWes oXWside Whe MPA? TKLV WUHQd RYHU WLPH ZaV WR bH HYaOXaWHd
XVLQJ (1) a BHIRUH-AIWHU-CRQWURO-IPSacW (BACI) dHVLJQ ZLWK aQ PBACI VWaWLVWLcaO WHVW WR
dHWHUPLQH WKH HIIHcWV RI WKH LPSacW, LQ WKLV caVH MPA HVWabOLVKPHQW, aQd (2) a UHJUHVVLRQ
aQaO\VLV WR cRPSaUH WUaMHcWRULHV RYHU WLPH LQVLdH aQd RXWVLdH MPAV. WKHQ µbHIRUH¶ daWa
SULRU WR MPA HVWabOLVKPHQW LV QRW aYaLOabOH, VLPLOaU aQaO\VHV aUH SRVVLbOH IRU cRPSaULQJ
daWa IURP WLPH SHULRdV VRRQHU RU OaWHU aIWHU HVWabOLVKPHQW (PRZHU aQd BR[VKaOO 2007).
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SelecWion of Reference SiWes
SaPSOLQJ dHVLJQ aOVR cRQVLdHUHd WKH role of reference siWes RXWVLdH RI MPAV LQ aVVHVVLQJ
HIIHcWLYHQHVV baVHd RQ WKH PaQaJHPHQW cRQWH[W RI HacK VLWH. AV SaUW RI SULRU aVVHVVPHQWV RI
VLcWRULa¶V MPAN, aVVHVVRUV acNQRZOHdJHd WKaW MPAV Pa\ SOa\ dLIIHUHQW UROHV baVHd RQ WKH
KLVWRU\ RI WKH VLWH WKaW LQIOXHQcH WKH H[SHcWHd RXWcRPHV RI HIIHcWLYHQHVV aQaO\VHV. MPAV SOacHd
LQ KLVWRULcaOO\ dHJUadHd aUHaV aUH VaLd WR SOa\ a µremedial¶ role, ZKHUH WKH SULPaU\ cKaQJHV
IROORZLQJ SURWHcWLRQ aUH H[SHcWHd WR accUXH inside WKH MPA aV WKH UHOHaVH RI SUHVVXUHV VXSSRUWV
UHcRYHU\, ZKHUHaV WKRVH SOacHd LQ PRUH SULVWLQH aUHaV SOa\ aQ µinsXrance¶ role, ZKHUH WKH
SULPaU\ cKaQJHV IROORZLQJ SURWHcWLRQ aUH H[SHcWHd WR accUXH outside WKH MPA aV WKH SRWHQWLaO
ULVH RI SUHVVXUHV LQ SUHYLRXVO\ SULVWLQH bXW XQSURWHcWHd aUHaV OHadV WR dHJUadaWLRQ. IQ bRWK
caVHV, aQ ³MPA HIIHcW´ Pa\ bH H[SHcWHd ZKHQ HQIRUcHd (RU µdH-IacWR¶) PaQaJHPHQW UHJLPHV
dLIIHU LQVLdH YHUVXV RXWVLdH WKH MPA (FaLUZHaWKHU HW aO. 2012a,b). IQ JHQHUaO UHIHUHQcH VLWHV
µRXWVLdH¶ RI MPAV aUH RQ WKH RUdHU RI KXQdUHdV RI PHWHUV aZa\ IURP MPA bRXQdaULHV.

PaUNV VLcWRULa dHYHORSHd WKH IROORZLQJ JXLdHOLQHV WR KHOS dHWHUPLQH ZKHQ aQd KRZ UHIHUHQcH
VLWHV VKRXOd bH XVHd IRU a PRQLWRULQJ SURJUaP LQ UHOaWLRQ WR PaQaJHPHQW acWLRQV, ZKLcK ZHUH
XVHd aORQJVLdH RWKHU cRQVLdHUaWLRQV abRXW WKH OHYHO RI PaQaJHPHQW LQIOXHQcH RYHU YaOXHV aQd
WKUHaWV aQd SRWHQWLaO WUadH-RIIV UHTXLUHd IRU RSWLPaO VXUYH\ dHVLJQ (HRZH HW aO. 2023):

Ɣ RHIHUHQcH VLWHV Pa\ bH HVWabOLVKHd IRU aQ HYaOXaWLRQ SXUSRVH Zhere differences
beWZeen MPA and reference siWes are e[pecWed baVHd RQ dLIIHUHQW PaQaJHPHQW
UHJLPHV LQVLdH aQd RXWVLdH MPAV, ZKHUH OLWWOH RU QR dLIIHUHQcH ZKHUH RQH LV H[SHcWHd
VKRXOd WULJJHU a PaQaJHPHQW UHVSRQVH. TKLV LV PRUH W\SLcaO RI a µUHPHdLaO¶ MPA, bXW
Pa\ aOVR RccXU LQ aQ µLQVXUaQcH¶ MPA XQdHU VSHcLILc cLUcXPVWaQcHV, IRU H[aPSOH, LI
cKaQJHV LQ cRaVWaO dHYHORSPHQW cUHaWH a VXddHQ LQcUHaVH LQ a KXPaQ acWLYLW\ LQ WKH
UHJLRQ WKaW LV a NQRZQ WKUHaW WR PaULQH HQYLURQPHQWV bXW LV H[cOXdHd IURP WKH MPA.

Ɣ DaWa IURP UHIHUHQcH VLWHV Pa\ KHOS WR deWermine conWrol limiWs IRU PRQLWRULQJ LQVLdH
MPAV baVHd RQ RbVHUYaWLRQV RI XQdHVLUabOH RXWcRPHV aW WKH UHIHUHQcH VLWHV (H.J.,
RbVHUYHd OHYHOV RI SRSXOaWLRQ dHcOLQH WKaW OHad WR bURadHU SRSXOaWLRQ SHUVLVWHQcH RU
HcRV\VWHP HIIHcWV aW KLJKHU ILVKLQJ SUHVVXUHV aW UHIHUHQcH VLWHV).

Ɣ DaWa IURP UHIHUHQcH VLWHV Pa\ bH XVHd WR XQdHUVWaQd bURadHU WUHQdV aQd SURcHVVHV LQ
WKUHaWV aQd dULYHUV WKaW Pa\ bH aIIHcWLQJ YaOXHV RI LQWHUHVW bRWK LQVLdH aQd RXWVLdH RI
MPAV.

IW LV aOVR LPSRUWaQW WR WU\ aQd SOacH UHIHUHQcH VLWHV ZLWKLQ VLPLOaU KabLWaW W\SHV aV VLWHV WR bH
PRQLWRUHd ZLWKLQ MPAV WR LPSURYH WKH UHOHYaQcH RI LQVLdH-RXWVLdH cRPSaULVRQV. TKLV caQ bH
cKaOOHQJLQJ, dHSHQdLQJ RQ WKH W\SH RI KabLWaW aQd MPA VL]H, SaUWLcXOaUO\ IRU SaWcK\ KabLWaWV WKaW
aUH cRPSOHWHO\ cRQWaLQHd ZLWKLQ MPA bRXQdaULHV b\ dHVLJQ.
ReYised Sampling Design and DaWa ManagemenW Approach
TR PHHW WKH QHHdV RI WKHVH HYaOXaWLRQ TXHVWLRQV aQd aQaO\VHV, aQd WR UHdXcH WKH LQIOXHQcH RI
YaULaWLRQ RYHU VKRUW WLPHVcaOHV, WKH UHcRPPHQdHd ILHOd VaPSOLQJ dHVLJQ LQYROYHd a UHSHaWLQJ
SaWWHUQ RI alWernaWing sampling periods ZKHUH VaPSOLQJ WaNHV SOacH IRU WZR cRQVHcXWLYH \HaUV
(PHaQW WR bH aYHUaJHd) IROORZHd b\ a JaS RI XS WR WKUHH \HaUV bHIRUH WKH QH[W URXQd RI
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cRQVHcXWLYH VXUYH\V. TKH OHQJWK RI WKH JaS Pa\ bH adMXVWHd baVHd RQ PRQLWRULQJ bXdJHW aQd
ULVN OHYHOV, IRU H[aPSOH, WR bH VKRUWHU aW SaUWLcXOaUO\ YXOQHUabOH VLWHV ZLWK PRUH YaULabOH aQd
KLJKHU-ULVN PaQaJHPHQW LVVXHV aQd ORQJHU aW OHVV YXOQHUabOH RU YaULabOH VLWHV. SaPSOLQJ ZaV
VcKHdXOHd LQ WKH VaPH VHaVRQ IRU HacK VLWH WR PLQLPL]H WKH LQIOXHQcH RI VHaVRQaO YaULaWLRQ RQ
VWaWLVWLcaO SRZHU WR dHWHcW cKaQJH aQd aOLJQ ZLWK KLVWRULcaO VaPSOLQJ SUacWLcHV aQd PaLQWaLQ
ORQJ-WHUP WLPH VHULHV (HRZH HW aO. 2023). WKHQ LPSOHPHQWHd LQ SUacWLcH WKURXJK a URWaWLQJ
VaPSOLQJ VcKHdXOH, WKLV W\SLcaOO\ LQYROYHV LQWHQVLYH PRQLWRULQJ aW RQH VHQWLQHO VLWH HacK \HaU aQd
UHWXUQLQJ WR HacK SaUN HYHU\ 2 WR 3 \HaUV RQ aYHUaJH, WKRXJK VRPH aUH UHYLVLWHd RQ ORQJHU WLPH
c\cOHV RI XS WR 4-5 \HaUV.

PaUNV VLcWRULa aOVR SXUVXHd poZer anal\ses RQ WKH RYHUaOO VaPSOLQJ dHVLJQ aQd, LQ VRPH
caVHV, RQ VSHcLILc VaPSOLQJ PHWKRdV aQd daWaVHWV (H.J., BRUVS daWa) WR H[SORUH ZKHWKHU aQ
XQbaOaQcHd VaPSOLQJ dHVLJQ cRXOd Pa[LPL]H SRZHU WR dHWHcW cKaQJH ZKLOH aOVR UHWaLQLQJ
VXIILcLHQW SRZHU WR dHWHcW aQ µMPA HIIHcW¶ ZKHUH SUHdLcWHd baVHd RQ cRPSaULVRQV RI daWa LQVLdH
aQd RXWVLdH WKH MPAV (HRZH HW aO. 2023).

BaVHd RQ HYaOXaWLRQ TXHVWLRQV aQd JXLdHOLQHV, WKH UHcRPPHQdHd aOWHUQaWLQJ VaPSOLQJ
aSSURacK, WKH RXWcRPHV RI SRZHU aQaO\VHV, aQd SURPLVLQJ UHVXOWV IURP SLORW WHVWLQJ RI HPHUJLQJ
WHcKQRORJLHV, UHYLVLRQV ZHUH PadH WR WKH VXLWH RI PRQLWRULQJ PHWKRdV aQd WRROV bHLQJ aSSOLHd
acURVV MPAV aQd LQdLYLdXaO VaPSOLQJ dHVLJQV ZHUH cUaIWHd IRU HacK MPA VLWH WKaW ZRXOd JR RQ
WR cRQWULbXWH daWa WR WKH QHZ VWaWHZLdH PRQLWRULQJ, HYaOXaWLRQ, aQd UHSRUWLQJ SURJUaP IRU
VLcWRULa¶V MPAV (HRZH HW aO. 2023). TKH sXiWe of meWhods caUULHd IRUZaUd IRU aSSOLcaWLRQ acURVV
VHQWLQHO VLWHV LQcOXdHd (HRZH HW aO. 2023):

Ɣ ShalloZ reef diYe sXrYe\s XVLQJ a UHYLVHd RHHI LLIH SXUYH\ SURWRcRO, IRcXVHd RQ ILVK,
PRbLOH LQYHUWHbUaWHV, aQd PacURaOJaH ± cRQVLdHUHd WKH ORQJHVW-UXQQLQJ aQd bHVW VRXUcH
RI HcRORJLcaO daWa LQ WHUPV RI WKH OHYHO RI dHWaLO LW caQ SURYLdH IRU WKH cRVW,

Ɣ BRUVS, IRcXVHd RQ ILVK aQd LQYHUWHbUaWHV LQ dHHSHU aOJaO-dRPLQaWHd UHHIV OHVV VXLWabOH
IRU RHHI LLIH SXUYH\V aQd aOVR SaUWLcXOaUO\ XVHIXO IRU cROOHcWLQJ cRQcXUUHQW daWa IRU
LQVLdH-RXWVLdH cRPSaULVRQV, bXW OLPLWHd LQ WKH aPRXQW RI daWa LW caQ cROOHcW dXH WR OLPLWHd
VRaN WLPHV,

Ɣ ToZed Yideo, IRcXVHd RQ PRQLWRULQJ OaUJHU VZaWKV RI KabLWaW IRUPLQJ PacURaOJaH,
Ɣ AXWonomoXs XnderZaWer Yehicles (AUVs), IRcXVHd RQ SaLUHd PRQLWRULQJ RI

RcHaQRJUaSKLc aQd HcRORJLcaO daWa WR OLQN SK\VLcaO aQd bLRORJLcaO SURcHVVHV LQ MPAV,
Ɣ Unmanned aerial Yehicles (drones) WR OaUJHO\ UHSOacH SULRU YLVXaO cHQVXV PRQLWRULQJ

PHWKRdV IRU LQWHUWLdaO aUHaV WR RbWaLQ JUHaWHU VSaWLaO cRYHUaJH aQd HQabOH OaQd-VcaSH
VcaOH KabLWaW cOaVVLILcaWLRQ. HRZHYHU, LW KaV bHHQ UHcRPPHQdHd WKaW YLVXaO cHQVXV
PHWKRdV VKRXOd bH cRQWLQXHd IRU WaUJHWHd LQWHUWLdaO VSHcLHV WKaW caQQRW bH HIIHcWLYHO\ bH
PRQLWRUHd IURP WKH aLU (H.J., PRbLOH LQYHUWHbUaWHV WaUJHWHd IRU KaUYHVWLQJ).

Ɣ Fisher\-independenW lobsWer Wrap sXrYe\s XVLQJ a baOaQcHd dHVLJQ VaPSOLQJ LQVLdH
aQd RXWVLdH RI MPAV WR PRUH HIIHcWLYHO\ PRQLWRU a NH\VWRQH UHHI VSHcLHV WKaW LV WaUJHWHd
IRU KaUYHVWLQJ aQd H[SHcWHd WR bHQHILW IURP SURWHcWLRQV ZLWKLQ MPAV.

SHYHUaO RWKHU cKaQJHV ZHUH UHcRPPHQdHd LQ PRQLWRULQJ SURJUaPV UHOaWHd WR NH\ LQdLcaWRUV
VSHcLILc WR HacK MPA, aQd WKH UHVXOWV IURP WKHVH SURJUaPV aUH LQWHQdHd WR bH dUaZQ LQWR ILQaO
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UHSRUWV RQ PRQLWRULQJ SURJUaPV IRU HacK MPA aORQJVLdH VWaWHZLdH PRQLWRULQJ SURJUaP UHVXOWV
IRU WKRVH VHQWLQHO MPAV LQ ZKLcK VXcK PRQLWRULQJ LV caUULHd RXW (HRZH HW aO. 2023). FRU H[aPSOH,
RQcH dHYHORSPHQW RI WKH SURWRcRO LV cRPSOHWH, WKH RbMHcWLYH LV IRU PaQaJHUV WR HYHQWXaOO\ caUU\
RXW WKH Rapid HealWh AssessmenW acURVV aOO MPAV HacK \HaU WR SURYLdH LQIRUPaWLRQ RQ
bLJJHU-SLcWXUH VWaWXV aQd WUHQdV acURVV WKH MPAN WR cRPSOHPHQW WKH PRUH dHWaLOHd LQIRUPaWLRQ
HPHUJLQJ IURP VWaWHZLdH PRQLWRULQJ aW VHQWLQHO VLWHV. HRZHYHU, dXH WR LQVXIILcLHQW caSacLW\,
HIIRUWV aUH cXUUHQWO\ bHLQJ OLPLWHd WR VHOHcW aUHaV ZLWK KLJKHU YLVLWaWLRQ RU HaVLHU accHVV. IW LV
OLNHO\ WKaW QRW aOO SaUNV ZLOO bH PRQLWRUHd RQ a UHJXOaU baVLV, SaUWLcXOaUO\ WKRVH WKaW aUH LQ PRUH
UHPRWH aQd UXJJHd aUHaV WKaW aUH dLIILcXOW WR accHVV.

AORQJVLdH UHdHVLJQ RI daWa cROOHcWLRQ acWLYLWLHV, WKH PRQLWRULQJ UHYLHZ SURcHVV aOVR
UHcRPPHQdHd XSdaWHV WR daWa managemenW acWLYLWLHV. PULRU daWa PaQaJHPHQW SUacWLcHV
UHO\LQJ RQ VHSaUaWH UHOaWLRQaO daWabaVHV IRU dLIIHUHQW PRQLWRULQJ SURJUaPV WKaW ZHUH QRW bHLQJ
PaLQWaLQHd aQd XOWLPaWHO\ dLVcRQWLQXHd. FRU managemenW daWa, PaUNV VLcWRULa XVHV WKH
VWaWHZLdH EQYLURQPHQWaO IQIRUPaWLRQ S\VWHP (EIS) WR cROOHcW aQd UHSRUW RQ LQIRUPaWLRQ VXcK aV
SHVW aVVHVVPHQW aQd cRQWURO acWLYLWLHV aQd KabLWaW PaQaJHPHQW acWLRQV. FRU enYironmenWal
and ecological daWa, PaUNV VLcWRULa LQLWLaOO\ WUaQVLWLRQHd WR a cHQWUaOL]Hd LQWHUQaO PRVWJUHSQL
daWabaVH OLQNHd ZLWK cXVWRP LQWHUIacH QCRUH VRIWZaUH IRU LPSURYHd cRQVROLdaWLRQ, TXaOLW\
cRQWURO, accHVV, aQd YLVXaOL]aWLRQ, aQd LQWHUSUHWaWLRQ RI MPA PRQLWRULQJ daWa IURP PXOWLSOH
HQYLURQPHQWaO PRQLWRULQJ SURJUaPV (EPPXQdV aQd FO\QQ 2022). HRZHYHU, cKaOOHQJHV LQ
dHYHORSLQJ aQd PaLQWaLQLQJ LQWHUQaO daWabaVHV aQd V\VWHPV KaYH UHQdHUHd WKLV V\VWHP dHIXQcW,
aQd PaUNa VLcWRULa LV cXUUHQWO\ UHO\LQJ RQ H[WHUQaO SaUWQHUV WR KRVW PXcK RI WKH daWa cROOHcWHd aV
SaUW RI LWV PaULQH SURJUaPV. AV a UHVXOW, PaUNV VLcWRULa LV cRQVLdHULQJ PRYLQJ WR a PRdHO ZKHUH
UaZ daWa LV KRVWHd LQ ZHOO-VXSSRUWHd H[WHUQaO daWabaVHV WR HQVXUH LW LV UHadLO\ accHVVLbOH aQd
HaVLO\ YLVXaOL]Hd IRU XVH LQ HYLdHQcH-baVHd PaQaJHPHQW (HRZH HW aO. 2023).
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FigXre 14: VLHZ RI WKH PaLQ XVHU LQWHUIacH IRU WKH QRZ-dHIXQcW QCRUH daWabaVH LQWHUIacLQJ VRIWZaUH
dHPRQVWUaWLQJ KRZ VXcK aQ LQWHJUaWHd SOaWIRUP caQ bH XVHd WR TXLcNO\ accHVV, H[SORUH, aQd YLVXaOL]H
MPA PRQLWRULQJ daWa. BHcaXVH RI cKaOOHQJHV dHYHORSLQJ aQd PaLQWaLQLQJ cXVWRP LQWHUQaO VRIWZaUH
VROXWLRQV, WKHUH LV JURZLQJ LQWHUHVW LQ WUaQVLWLRQLQJ WR WKH XVH RI ZHOO-VXSSRUWHd H[WHUQaO daWabaVHV WKaW
caQ RIIHU VLPLOaU bHQHILWV. RHSURdXcHd IURP HRZH HW aO. 2023.

USdaWHV KaYH aOVR bHHQ PadH WR WKH H[WHUQaO daWa PaQaJHPHQW SURcHVV IRU WKH SHa SHaUcK
cLWL]HQ VcLHQcH PRQLWRULQJ SURJUaP WR IacLOLWaWH daWa cROOHcWLRQ aQd dLUHcW daWa HQWU\ RQ PRbLOH
dHYLcHV aQd IacLOLWaWH accHVV WR WKH daWa b\ bRWK SURJUaP YROXQWHHUV aQd SaUN VWaII. FLQaOO\,
VRPH W\SHV RI PRQLWRULQJ daWa RI bURadHU LQWHUHVW aUH aOVR KRXVHd LQ RSHQ daWa QHWZRUNV aQd
SRUWaOV VXcK aV WKH AXVWUaOLaQ OcHaQ DaWa NHWZRUN (AODN) (H.J., XQdHUZaWHU YLVXaO cHQVXV
daWa, RcHaQRJUaSKLc daWa) aQd GORbaOAUcKLYH (H.J., BRUVS aQd WRZHd YLdHR daWa) aV ZHOO aV
UHVHaUcK SaUWQHU V\VWHPV aQd daWabaVHV.

ReporWing
TKH XSdaWHd PRQLWRULQJ SURJUaP KaV bHHQ VXccHVVIXOO\ LPSOHPHQWHd LQ aOO ILYH VHQWLQHO VLWHV,
ZLWK UHSRUWV IRU VRPH VLWHV aOUHad\ SXbOLVKHd aV SaUW RI WKH PaUNV VLcWRULa THcKQLcaO SHULHV.
TKHVH UHSRUWV HPSKaVL]H YisXal reporWing, XVLQJ JUaSKLcaO cRQcHSWXaO PRdHOV RI NH\ aVVHWV
aQd WKUHaWV LQ HacK MPA, aV ZHOO aV a WUaIILc OLJKW V\VWHP aVVRcLaWHd ZLWK cRQWURO cKaUWV IRU
UHSRUWLQJ RQ VWaWXV aQd WUHQdV LQ LQdLcaWRUV aQd LQWHUacWLRQV bHWZHHQ YaOXH aQd WKUHaW
LQdLcaWRUV. TKHVH PRQLWRULQJ SURJUaP UHSRUWV KaYH caUULHd IRUZaUd WKH cRQWURO cKaUW HOHPHQW RI
WKH SULRU UHSRUW caUd SURMHcW aQd SORW WUHQdV aQd HVWabOLVKHd cRQWURO OLPLWV aQd cRQWURO cKaUWV IRU
VSHcLILc LQdLcaWRUV aQd WKH PHWKRdV XVHd WR PHaVXUH WKHP, ZLWK a SUHVHQW IRcXV RQ cRQWURO
cKaUWV IRU LQWHUWLdaO aQd VXbWLdaO UHHIV (HRZH HW aO. 2023, VHH bRWWRP SaQHO LQ FLJXUH 18).
RHSRUWV aOVR LQcOXdH daWa RQ WUHQdV LQ NH\ HQYLURQPHQWaO dULYHUV, VXcK aV VHa VXUIacH
WHPSHUaWXUH (SST), ZKLcK SURYLdH LPSRUWaQW cRQWH[W IRU WKH LQWHUSUHWaWLRQ RI WUHQdV LQ RWKHU
PRQLWRUHd YaOXHV. TKHUH LV aOVR aQ LQWHQW WR dHYHORS addLWLRQaO LQWHJUaWHd KabLWaW aQd SRWHQWLaOO\
VLWH-OHYHO cRQWURO cKaUWV aQd dUaZ LQ WKH UHVXOWV RI RWKHU PRQLWRULQJ SURJUaPV LQWR MPA cRQdLWLRQ
UHSRUWV LQ WKH IXWXUH (HRZH HW aO. 2023).

DHWaLOHd WHcKQLcaO UHSRUWV aOVR cRQWLQXH WR bH accRPSaQLHd b\ VXPPaU\ UHSRUWLQJ XVLQJ
WHPSOaWHV IRU VXPPaUL]LQJ UHVXOWV RI UHVHaUcK aQd PRQLWRULQJ SURMHcWV aQd SURJUaPV IRU a
bURadHU aXdLHQcH, IRcXVLQJ RQ NH\ RbMHcWLYHV, RXWcRPHV, aQd PaQaJHPHQW LPSOLcaWLRQV.
IPSURYHd UHSRUWLQJ aQd cRPPXQLcaWLRQ RI MER SURJUaP RXWSXWV aUH YLHZHd aV HVVHQWLaO IRU
sXpporWing conWinXed inWegraWion of Whese oXWpXWs LQWR LQWHUQaO aQd H[WHUQaO HYaOXaWLRQ aQd
dHcLVLRQ-PaNLQJ SURcHVVHV, LQcOXdLQJ: (1) WKH SOaQQHd SHULRdLc UHYLHZ RI CAPV aW 5-\HaU
LQWHUYaOV, (2) WKH UHYLHZ aQd UHYLVLRQ RI SaUN-VSHcLILc PaQaJHPHQW SOaQV IRU LPSOHPHQWLQJ CAPV
aW 10-\HaU LQWHUYaOV, aQd (3) WKH VWaWHZLdH SWaWH RI PaUNV HYaOXaWLRQ aQd bURadHU VLcWRULaQ SWaWH
RI EQYLURQPHQW UHSRUWV (HRZH HW aO. 2023). IQ UHcLSURcaO IaVKLRQ, WKHVH HYaOXaWLRQ SURJUaPV aQd
SURcHVVHV aV ZHOO aV RQJRLQJ cRPPXQLcaWLRQ aQd UHOaWLRQVKLSV ZLWK cRPPXQLWLHV, SaUWQHUV, aQd
H[SHUWV, aUH aOVR H[SHcWHd WR LdHQWLI\ QHZ LVVXHV aQd WKUHaWV WKaW Pa\ ZaUUaQW IXUWKHU
adMXVWPHQWV WR PRQLWRULQJ IRU VXUYHLOOaQcH RI HPHUJLQJ cRQcHUQV (HRZH HW aO. 2023).
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ImproYemenWs & FXWXre OpporWXniWies

TKH adaSWLYH PaQaJHPHQW aSSURacK adRSWHd b\ PaUNV VLcWRULa KaV HQabOHd WKH dHOLYHU\ RI aQ
H[WHQVLYH MER SURJUaP acURVV LWV VWaWHZLdH MPAN WKaW KaV HQabOHd RQJRLQJ OHaUQLQJ aQd
adMXVWPHQW WR NHHS SacH ZLWK HYROYLQJ JORbaO bHVW SUacWLcH. TKH 20WK aQQLYHUVaU\ RI
HVWabOLVKPHQW RI WKH MPAN cRLQcLdHd ZLWK WKH cRPSOHWLRQ RI WKH ILUVW ILOO URXQd RI PRQLWRULQJ
VXUYH\V aV SaUW RI WKH XSdaWHd PRQLWRULQJ SURJUaP, SURYLdLQJ WKH QH[W RSSRUWXQLW\ WR WaNH VWRcN
RI IXUWKHU OHVVRQV OHaUQHd aQd cRQVLdHU opporWXniWies for fXWXre improYemenWs aV WKH
HQYLURQPHQWaO, VRcLaO, WHcKQRORJLcaO, aQd PaQaJHPHQW cRQWH[WV RI WKH UHJLRQ cRQWLQXHV WR
HYROYH (HRZH HW aO. 2023).

OQH RI WKH SULQcLSaO JaSV LQ VLcWRULa¶V SaVW aQd cRQWHPSRUaU\ MPA PRQLWRULQJ SURJUaPV
cRQWLQXHV WR bH a OacN RI UHSUHVHQWaWLRQ RI WKH NQRZOHdJH, YaOXHV, aQd SaUWLcLSaWLRQ RI
AXVWUaOLa¶V IndigenoXs TradiWional OZners. OQJRLQJ HIIRUWV b\ TUadLWLRQaO OZQHUV WR H[SaQd
WKH UHcRJQLWLRQ RI WKHLU ULJKWV aQd WLWOH KaYH LQcOXdHd WKH HVWabOLVKPHQW RI a JURZLQJ QXPbHU RI
IQdLJHQRXV PURWHcWHd AUHaV (IPAV) acURVV WHUUHVWULaO CRXQWU\ RU PaULQH SHa CRXQWU\ VLWHV,
LQcOXdLQJ LQ WKH VWaWH RI VLcWRULa, aQd SaUWLcLSaWLRQ LQ SaWUROOLQJ, PRQLWRULQJ, aQd PaQaJLQJ WKHVH
VLWHV WKURXJK IQdLJHQRXV-OHd UaQJHU SURJUaPV (GRXOd HW aO. 2021). MaQ\ VXccHVVIXO H[aPSOHV RI
cURVV-cXOWXUaO PaULQH PRQLWRULQJ SURJUaPV LQcRUSRUaWLQJ bRWK WUadLWLRQaO aQd PRdHUQ
aSSURacKHV aUH QRZ HPHUJLQJ acURVV AXVWUaOLa WKaW Pa\ RIIHU KHOSIXO LQVLJKWV IRU RWKHU
cRPPXQLWLHV, VWaWHV, aQd UHJLRQV LQWHUHVWHd LQ bXLOdLQJ UHOaWLRQVKLSV aQd cR-dHYHORSLQJ PaULQH
PRQLWRULQJ acWLYLWLHV ZLWK TUadLWLRQaO OZQHUV WKaW caQ bH VWUHaPOLQHd LQWR H[LVWLQJ PRQLWRULQJ,
HYaOXaWLRQ, aQd UHSRUWLQJ SURJUaPV XVLQJ WUadLWLRQaO aQd QRYHO PRQLWRULQJ WHcKQLTXHV aQd
WHcKQRORJLHV (H.J., DHSc]\QVNL HW aO. 2019, DaYLHV HW aO. 2020, GRXOd HW aO. 2021). TKH
AXVWUaOLaQ IQVWLWXWH RI MaULQH ScLHQcH KaV aOVR aVVHPbOHd KHOSIXO OHVVRQV OHaUQHd RQ µcORVLQJ
WKH cLUcOH¶ b\ UHWXUQLQJ NQRZOHdJH WR WKH cRXQWU\ WKURXJK VKaULQJ PRQLWRULQJ UHVXOWV acURVV
JHQHUaWLRQV RI TUadLWLRQaO OZQHUV XVLQJ a ZLdH UaQJH RI accHVVLbOH aQd cXOWXUaOO\ aSSURSULaWH
cRPPXQLcaWLRQV VWUaWHJLHV, HacK RI ZKLcK KaYH WKHLU RZQ SURV aQd cRQV (AIMS 2021).

VLcWRULa PaUNV LV aOVR MXVW bHJLQQLQJ WR SXUVXH VWaWHZLdH HYaOXaWLRQ RI NH\ LQdLcaWRUV acURVV LWV
MPAN. FRU H[aPSOH, a UHcHQW VWXd\ XVLQJ daWa cROOHcWHd WKURXJK PXOWLSOH VRXUcHV aQd PHWKRdV,
LQcOXdLQJ ORQJ-WHUP PRQLWRULQJ SURJUaPV, HPSOR\Hd VWaWH RI WKH aUW PRdHOOLQJ aQd PacKLQH
OHaUQLQJ aSSURacKHV WR caUU\ RXW a sWaWe neWZork-scale eYalXaWion RI WKH UHSUHVHQWaWLRQ RI
KabLWaWV aQd HQYLURQPHQWaO cRQdLWLRQV aQd KRZ WKH\ KaYH cKaQJHd WKURXJK WLPH aV ZHOO aV
HYaOXaWLQJ WKH cRQQHcWHdQHVV (YRXQJ HW aO. 2022). KH\ ILQdLQJV IURP WKLV HIIRUW LQcOXdHd:

1) TKaW H[LVWLQJ MPAV UHSUHVHQWHd aOO NH\ KabLWaW W\SHV IRXQd ZLWKLQ WKHLU bLRXQLWV bXW WKaW
VRPH W\SHV ZHUH RYHU- (URcN\ UHHIV) RU XQdHU- (VRIW VHdLPHQW) UHSUHVHQWHd,

2) TKaW a dLYHUVLW\ RI RcHaQRJUaSKLc cRQdLWLRQV aUH JHQHUaOO\ ZHOO UHSUHVHQWHd, bXW aUH
bHWWHU UHSUHVHQWHd LQ OaUJHU MPAV

3) CRQQHcWLYLW\ PRdHOOLQJ VKRZLQJ VWURQJ JHRJUaSKLc SaWWHUQV RI dLVSHUVaO ZLWKLQ WKH VWaWH
ZLWK PRUH VHOI-UHcUXLWPHQW (L.H., OHVV cRQQHcWLYLW\) LQ WKH cHQWUaO SaUW RI WKH VWaWH,

4) IdHQWLILcaWLRQ RI SRVLWLYH HQYLURQPHQWaO dULYHUV RI VSHcLHV abXQdaQcH aQd dLYHUVLW\ WKaW
caQ bH XVHd WR LQIRUP WaUJHWHd PaQaJHPHQW,
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5) DHWHUPLQaWLRQ WKaW BRUVS aQd KabLWaW PaSSLQJ daWa aOORZHd IRU HIIHcWLYH VSHcLHV
dLVWULbXWLRQ PRdHOOLQJ aW WKH VWaWH VcaOH aQd SHUIRUPHd bHWWHU aW a ZKROH-aVVHPbOaJH
VcaOH WKaQ a VSHcLHV VcaOH, aQd

6) PURYLdHd a ILUVW QHWZRUN-VcaOH aVVHVVPHQW RI MPA HIIHcWLYHQHVV, ILQdLQJ WKaW ILVK VSHcLHV
ULcKQHVV ZaV KLJKHU LQVLdH WKaQ RXWVLdH MPAV aQd LdHQWLI\LQJ VSHcLILc cRUUHOaWHV RI MPA
HIIHcW VL]H, LQcOXdLQJ MPA VL]H, WKH SUHVHQcH RI dHSWK aQd KabLWaW baUULHUV WR
cRQQHcWLYLW\, aQd dLVWaQcH IURP SRUWV aQd KXPaQ VHWWOHPHQWV.

AOWKRXJK WKLV VWXd\ ZaV caUULHd RXW aV a VWaQd-aORQH UHVHaUcK SURMHcW, LW SURYLdHV a WHPSOaWH
WKaW cRXOd bH IROORZHd IRU UHJXOaU RSHUaWLRQaO QHWZRUN-VcaOH HYaOXaWLRQV PHaQW WR LQIRUP
adaSWLYH PaQaJHPHQW.

OWKHU HIIRUWV WR dHYHORS naWional neWZork-scale eYalXaWion frameZorks IRU MPAV LQ AXVWUaOLa
aV a ZKROH, LQcOXdLQJ SURSRVHd aJJUHJaWH LQdLcaWRUV VXcK aV WKH WUHQdV LQ WRWaO QXPbHU, aUHa,
SURWHcWLRQ OHYHOV, KabLWaW UHSUHVHQWaWLRQ, aQd cRQQHcWLYLW\ acURVV WKH QHWZRUN, Pa\ LQIRUP WKH
dHYHORSPHQW RI IXUWKHU LQdLcaWRUV RI HIIHcWLYHQHVV aW UHJLRQaO aQd VWaWH VcaOHV WR LQIRUP
QHWZRUN-VcaOH PaQaJHPHQW VWUaWHJLHV (RRbHUWV HW aO. 2018, 2021).

MXcK RI WKH H[WHQVLYH bRd\ RI ZRUN bHLQJ caUULHd RXW aW WKH VcaOH RI AXVWUaOLa¶V QaWLRQaO MPAN
IRU WKH NaWLRQaO EQYLURQPHQWaO ScLHQcH PURJUaP¶V MaULQH BLRdLYHUVLW\ HXb SURPLVHV WR
JHQHUaWH a ZHaOWK RI LQVLJKWV WKaW cRXOd LQIRUP IXWXUH UHYLVLRQV WR VWaWH MPA PRQLWRULQJ,
HYaOXaWLRQ, aQd UHSRUWLQJ SURJUaPV (Ha\HV HW aO. 2021). FRU H[aPSOH, dHWaLOHd KLJK-UHVROXWLRQ
PaSV RI pressXres SURdXcHd IRU a ZLdH UaQJH RI SUHVVXUHV LQ WKH QaWLRQaO MPAN¶V SRXWK-EaVW
RHJLRQ ZKLcK HQcRPSaVVHV WKH VWaWH RI VLcWRULa (Ha\HV HW aO. 2021), aQd HYaOXaWLRQ RI WKH
abLOLW\ WR PRQLWRU WKHVH SUHVVXUHV XVLQJ UHPRWH VHQVLQJ (SaJaU HW aO. 2020), cRXOd bH XVHd WR
LQIRUP IXWXUH PRQLWRULQJ dHVLJQ IRU WKUHaWV aW a VWaWH VcaOH aQd IRUP WKH IRXQdaWLRQ IRU WKH
dHYHORSPHQW RI addLWLRQaO VLWH aQd QHWZRUN-VcaOH PRQLWRULQJ aQd HYaOXaWLRQ acWLYLWLHV JHaUHd aW
WUacNLQJ WKH VcaOH aQd LPSacWV RI cXmXlaWiYe effecWs RQ PaULQH HcRV\VWHPV.

RHJLRQ-ZLdH PaSV RI HQYLURQPHQWaO cRQdLWLRQV aQd VWUHVVRUV caQ LQ WXUQ VHUYH aV LQSXWV WR
HcRORJLcaO PRdHOV XVHIXO IRU PRQLWRULQJ dHVLJQ aQd HYaOXaWLRQ. FRU H[aPSOH, bLRSK\VLcaO
connecWiYiW\ PRdHOOLQJ IRU NH\ VSHcLHV aW a QaWLRQaO VcaOH VXJJHVWV WKaW WKH PaULQH bLRUHJLRQV
adMacHQW WR WKH VWaWH RI VLcWRULa KaYH aPRQJ WKH ORZHVW cRQQHcWLYLW\ WR RWKHU UHJLRQV RI aQ\ SaUW
RI WKH cRaVW, aQd ZaV ORZHVW LQ WKH PRUH VKHOWHUHd cHQWUaO UHJLRQ RI VLcWRULa¶V cRaVW, ZLWK WKH
OaWWHU ILQdLQJ cRUURbRUaWHd b\ VWaWHZLdH aVVHVVPHQW RI OaUYaO UHcUXLWPHQW aQd cRQQHcWLYLW\
(YRXQJ HW aO. 2022). TKLV VXJJHVWV WKaW PaQ\ OaUYaH IURP RWKHU UHJLRQV dLd QRW UHacK SURWHcWHd
UHHIV LQ WKLV aUHa aQd WKaW WKH QaWXUaO UHVcXH SRWHQWLaO LQ WKH HYHQW RI SRSXOaWLRQ dHcOLQHV aW
WKHVH UHHIV LV ORZ aQd WKaW PRUH LQWHQVLYH ORcaO PRQLWRULQJ aQd PaQaJHPHQW Pa\ bH ZaUUaQWHd
IRU WKHVH VSHcLHV (RRbHUWV HW aO. 2021). SLPLOaUO\, QaWLRQaO-VcaOH climaWe change aQaO\VHV
VXJJHVW VLJQLILcaQW WHPSHUaWXUH WUHQdV aW VRPH VLWHV aORQJ WKH VLcWRULaQ cRaVW, ZKHUH PRUH
dHOLbHUaWH PRQLWRULQJ aQd PaQaJHPHQW SOaQQLQJ IRU cOLPaWH LPSacWV Pa\ aOVR bH ZaUUaQWHd
(TaQ aQd FLVKHU 2022).
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FLQaOO\, NaWLRQaO VcaOH UHVHaUcK aQd piloW WesWing of emerging moniWoring Wechnologies cRXOd
aOVR KHOS WR SaYH WKH Za\ IRU adRSWLRQ aW VWaWH VcaOHV. TKHVH HIIRUWV LQcOXdH SLORW WHVWLQJ RI
SaVVLYH acRXVWLc PRQLWRULQJ XVLQJ XQdHUZaWHU UHcRUdHUV, aHULaO dURQHV RSHUaWHd bH\RQd YLVXaO
OLQH RI VLJKW, aQd aXWRQRPRXV VaLOLQJ VXUIacH dURQHV NQRZQ aV µbOXHbRWWOHV¶ bHLQJ XVHd IRU bRWK
HQYLURQPHQWaO aQd cRPSOLaQcH PRQLWRULQJ (GXHKR 2023). TKHVH HIIRUWV KaYH VSXUUHd VLPLOaU
SLORW LQYHVWLJaWLRQV LQ WKH SWaWH RI VLcWRULa¶V MPAN WKURXJK a SaUWQHUVKLS bHWZHHQ PaUNV VLcWRULa
aQd acadHPLc UHVHaUcKHUV WR LQIRUP LPSURYHPHQWV WR VLcWRULa¶V VXbWLdaO PRQLWRULQJ SURJUaP
(YRXQJ HW aO. 2022). GLYHQ WKH SRWHQWLaO V\QHUJLHV bHWZHHQ WKHVH SaUaOOHO HIIRUWV, bHWWHU
cRRUdLQaWLRQ LV QHHdHd aPRQJ VWaWHV aQd bHWZHHQ VWaWHV aQd QaWLRQaO MPA MER SURJUaPV WR
SURYLdH a PRUH dHWaLOHd aQd KROLVWLc SLcWXUH RI MPA VWaWXV, WUHQdV, aQd SHUIRUPaQcH aW a
QaWLRQaO VcaOH WKaW LQcOXdHV SURWHcWHd aUHaV LQ bRWK VWaWH aQd CRPPRQZHaOWK ZaWHUV.

TKURXJK WKHLU RQJRLQJ cRPPLWPHQW WR adaSWLYH PaQaJHPHQW RI bRWK PRQLWRULQJ aQd
PaQaJHPHQW acWLYLWLHV acURVV WKH VWaWH MPA V\VWHP, PaUNV VLcWRULa aQd LWV SaUWQHUV LQ
PRQLWRULQJ aUH ZHOO SRVLWLRQHd WR WaNH adYaQWaJH RI WKH OaWHVW HPHUJLQJ NQRZOHdJH aQd bHVW
SUacWLcHV WR cRQWLQXaOO\ LPSURYH UHJLRQaO MPA PRQLWRULQJ SURJUaPV aQd PaQaJHPHQW RXWcRPHV.
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Case SWXd\ 5:

AoWearoa NeZ Zealand MPAN Marine MoniWoring
FrameZork

HXPaQ LQWHUacWLRQV aSS WR bH XVHd b\ UaQJHUV, CUHdLW: MRQLTXH LaddV SUHVHQWaWLRQ aW IMPAC 5
cRQIHUHQcH
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Ke\ Lessons from Whis Case SWXd\

ParWnerships ZiWh IndigenoXs Peoples are EssenWial
ARWHaURa NHZ ZHaOaQd LV WaNLQJ VWHSV WR HVWabOLVK SaUWQHUVKLS ZLWK IQdLJHQRXV PHRSOHV aV SaUW
RI WKH MPAN PRQLWRULQJ SURcHVV, aOWKRXJK WKHVH UHPaLQ aW UHOaWLYHO\ HaUO\ VWaJHV. TKH MaULQH
MRQLWRULQJ aQd RHSRUWLQJ FUaPHZRUN (2022) dHVcULbHV WKH LPSRUWaQcH RI IQdLJHQRXV WUHaW\
SaUWQHUV¶ abLOLW\ WR H[HUcLVH WKHLU IXOO UROHV aV UaQJaWLUa (OHadHUV) aQd NaLWLaNL (JXaUdLaQV RU
caUHWaNHUV). RaWKHU WKaQ VSHcLI\LQJ cULWHULa IRU PHaVXULQJ VXccHVV WRZaUdV WKLV RXWcRPH, WKH
FUaPHZRUN VWaWHV WKaW VXcK RXWcRPHV caQ RQO\ bH aVVHVVHd b\ IQdLJHQRXV SaUWQHUV. FXUWKHU,
WKH FUaPHZRUN VSHcLILHV WKaW WKH JRYHUQPHQW VKRXOd ZRUN cORVHO\ ZLWK IQdLJHQRXV SaUWQHUV aQd
HQVXUH WKaW WKH\ KaYH QHcHVVaU\ UHVRXUcHV IRU SaUWLcLSaWLRQ.

SWandardi]ed, Broad Scale MoniWoring Can be ComplemenWed WiWh SiWe-Specific
MoniWoring
TKH MaULQH MRQLWRULQJ aQd RHSRUWLQJ FUaPHZRUN SURYLdHV QaWLRQaO OHYHO VWaQdaUdV IRU
PRQLWRULQJ SURWRcROV. GXLdaQcH ZLWKLQ WKH FUaPHZRUN LV baVHd RQ 10 PaLQ WKHPHV, aQd ZLWKLQ
HacK WKHPH WKHUH aUH UHcRPPHQdHd PHWKRdV IRU daWa cROOHcWLRQ, daWa SUHSaUaWLRQ, aQaO\VHV,
aQd UHSRUWLQJ aQd cRPPXQLcaWLRQ. TKH QaWLRQaO OHYHO JXLdaQcH LV baVHd RQ WKH BLRdLYHUVLW\
MRQLWRULQJ aQd RHSRUWLQJ S\VWHP aQd LV PHaQW WR IHHd LQWR bRWK bURad VcaOH PRQLWRULQJ aQd
SURYLdH QaWLRQaOO\ cRQVLVWHQW PRQLWRULQJ acURVV SURWHcWHd aUHaV.

MoniWoring FrameZorks Can Enable SWandardi]ed Anal\sis and ReporWing
WLWKLQ HacK RI WKH MaULQH MRQLWRULQJ aQd RHSRUWLQJ FUaPHZRUN¶V 10 WKHPHV, JXLdaQcH LV
SURYLdHd abRXW H[SHcWHd aQaO\VHV aQd WHPSOaWHV IRU H[SHcWHd UHVXOWV aQd UHSRUWLQJ IRUPaWV. B\
LQcOXdLQJ WKLV JXLdaQcH, PRQLWRULQJ SOaQV IRU LQdLYLdXaO MPAV aQd MPANV caQ bH dHYHORSHd ZLWK
cOHaU H[SHcWaWLRQV aQd VWaQdaUdL]aWLRQ RI UHSRUWLQJ acURVV SaUWQHUV, VLWHV, UHJLRQV, aQd \HaUV
(H.J., VWaQdaUdL]Hd UHSRUWLQJ PHWULcV aQd SORWV IRU HacK aQaO\VLV aQd PRQLWRULQJ TXHVWLRQ).

InWrodXcWion

MaULQH KabLWaWV LQ ARWHaURa NHZ ZHaOaQd LQcOXdH VKHOWHUHd LQOHWV, IMRUdV, HVWXaULHV, VHaJUaVV
bHdV, NHOS IRUHVWV, VKHOOILVK bHdV, VaQd\ cRaVWV, cRaVWV aQd UHHIV, aQd RSHQ RcHaQ. TKH MaULQH
RHVHUYHV AcW (1971) SURYLdHV a OHJLVOaWLYH baVLV IRU WKH cUHaWLRQ RI MPAV LQ ARWHaURa NHZ
ZHaOaQd, UHVXOWLQJ LQ WKH HVWabOLVKPHQW RI ARWHaURa NHZ ZHaOaQd¶V ILUVW QR-WaNH PaULQH UHVHUYH
LQ 1975. TR daWH, ARWHaURa NHZ ZHaOaQd KaV 44 PaULQH UHVHUYHV, cRYHULQJ 17,700 NP2. TKHUH
aUH cXUUHQWO\ WKUHH W\SHV RI PaULQH UHVHUYHV: QR-WaNH PaULQH UHVHUYHV (T\SH 1 MPAV); RWKHU
SURWHcWHd aQd PaQaJHd aUHaV WKaW PHHW WKH SURWHcWLRQ VWaQdaUd (T\SH 2 MPAV); aQd RWKHU
IRUPV RI SURWHcWLRQ WKaW dR QRW acKLHYH WKH VWaQdaUd (H.J., cabOH SURWHcWLRQ).

IQ 2005, ARWHaURa NHZ ZHaOaQd VHW LQ PRWLRQ SOaQQLQJ IRU MPANV WKaW SURWHcW UHSUHVHQWaWLYH
KabLWaWV RI PaULQH bLRdLYHUVLW\ (MaULQH PURWHcWHd AUHaV PROLc\ aQd IPSOHPHQWaWLRQ POaQ,
MPAPIP 2005). TKH MPAPIP OaLd RXW SULQcLSOHV IRU dHVLJQLQJ WKH QHWZRUN aQd IRU JXLdLQJ WKH
SOaQQLQJ aQd PaQaJHPHQW SURcHVV (TabOH 26), KRZHYHU, LW LV QRWabOH WKaW PRQLWRULQJ aQd
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HYaOXaWLRQ ZHUH RQO\ PHQWLRQHd IRU dHYHORSPHQW aW a OaWHU VWaJH. TR IXUWKHU WKH MPAN SOaQQLQJ
SURcHVV, 14 bLRJHRJUaSKLc PaULQH UHJLRQV ZHUH LdHQWLILHd aV a baVLV IRU ZKHUH WR LPSOHPHQW
MPANV (DHSaUWPHQW RI CRQVHUYaWLRQ aQd MLQLVWU\ RI FLVKHULHV NHZ ZHaOaQd 2008; cOaVVLILcaWLRQ
RI WKHVH PaULQH UHJLRQV ZHUH UHYLHZHd PRUH UHcHQWO\ LQ RRZdHQ HW aO. 2018). TKH JXLdLQJ
dRcXPHQW aOVR SUHVcULbHd a MaULQH PURWHcWLRQ POaQQLQJ FRUXP (MPPF) SURcHVV WR bH aSSOLHd
ZLWKLQ HacK UHJLRQ aV aQ LQcOXVLYH cRPPXQLW\-baVHd SURcHVV IRU dHOLQHaWLQJ MPANV. IQ 2019, a
PULQcLSOHV IRU NHWZRUN DHVLJQ dRcXPHQW ZaV UHOHaVHd aQd LQcOXdHd SRWHQWLaO MPAN dHVLJQ
SULQcLSOHV RI UHSUHVHQWaWLYLW\, UHSOLcaWLRQ, adHTXac\, YLabLOLW\ aQd cRQQHcWLYLW\ (DHSaUWPHQW RI
CRQVHUYaWLRQ, 2019). TKLV dRcXPHQW aOVR QRWHd VRPH cKaOOHQJHV IRU HVWabOLVKLQJ TXaQWLWaWLYH
WaUJHWV IRU HacK dHVLJQ SULQcLSOH, LQcOXdLQJ OLPLWHd LQIRUPaWLRQ IRU cHUWaLQ KabLWaWV aQd VSHcLHV.
FLQaOO\ LQ 2020, JRaOV IRU HVWabOLVKLQJ MPANV ZHUH UHQHZHd ZLWK WKH NHZ ZHaOaQd BLRdLYHUVLW\
SWUaWHJ\, ZKLcK VWaWH:

By 2035 an effective network of marine protected areas and other tools, including
marine and coastal ecosystems of high biodiversity value is established and is
meeting the agreed protection standard.

Table 26: IPSOHPHQWaWLRQ SULQcLSOHV IRU WKH HVWabOLVKPHQW RI a QHWZRUN RI UHSUHVHQWaWLYH MPAV LQ NHZ
ZHaOaQd (MaULQH PURWHcWHd AUHaV PROLc\ aQd IPSOHPHQWaWLRQ POaQ 2005).

Principles

NHWZRUN DHVLJQ
PULQcLSOHV

1. TKH MPA QHWZRUN ZLOO SURWHcW H[aPSOHV RI WKH IXOO UaQJH RI QaWXUaO
PaULQH KabLWaWV aQd HcRV\VWHPV

2. MPAV VKRXOd bH dHVLJQaWHd baVHd RQ a cRQVLVWHQW aSSURacK WR
cOaVVLILcaWLRQ RI KabLWaWV aQd HcRV\VWHPV

3. TKH MPA QHWZRUN VKRXOd bH YLabOH

4. NaWLRQaO SULRULWLHV IRU addLWLRQV WR WKH MPA QHWZRUN ZLOO bH dHYHORSHd,
aQd UHYLHZHd RQ aQ aQQXaO baVLV

5. AQ HYaOXaWLRQ SURJUaPPH ZLOO bH XQdHUWaNHQ

6. A PRQLWRULQJ SURJUaPPH ZLOO bH XQdHUWaNHQ

POaQQLQJ PULQcLSOHV 1. EYHU\ MPA VKRXOd bH dHVLJQaWHd RQ WKH baVLV WKaW LW LV UHSUHVHQWaWLYH
RI RQH RU PRUH KabLWaWV RU HcRV\VWHPV, aQd LQ a PaQQHU cRQVLVWHQW ZLWK
WKH QaWLRQaO QHWZRUN SULRULWLHV aQd WKH MPA LPSOHPHQWLQJ SULQcLSOHV

2. TKH PaQaJHPHQW WRRO(V) XVHd aW a VLWH PXVW bH VXIILcLHQW WR PHHW WKH
SURWHcWLRQ VWaQdaUd

3. TKH VSHcLaO UHOaWLRQVKLS bHWZHHQ WKH CURZQ aQd MaRUL ZLOO bH
SURYLdHd IRU, LQcOXdLQJ NaLWLaNLWaQJa, cXVWRPaU\ XVH aQd PlWaXUaQJa
MaRUL
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Principles

4. MPA HVWabOLVKPHQW ZLOO bH XQdHUWaNHQ LQ a WUaQVSaUHQW, SaUWLcLSaWRU\,
aQd WLPHO\ PaQQHU

5. AdYHUVH LPSacWV RQ H[LVWLQJ XVHUV RI WKH PaULQH HQYLURQPHQW VKRXOd
bH PLQLPL]Hd LQ HVWabOLVKLQJ MPAV

6. TKH PaQaJHPHQW WRROV XVHd WR HVWabOLVK MPAV VKRXOd bH cRQVLVWHQW
aQd VHcXUH LQ WKH ORQJ WHUP, VXbMHcW WR aQ\ QHcHVVaU\ cKaQJHV WR aOORZ
WKHP WR bHWWHU acKLHYH WKH MPA PROLc\ RbMHcWLYH, WaNLQJ LQWR accRXQW
QaWXUaO d\QaPLcV

7. BHVW aYaLOabOH LQIRUPaWLRQ ZLOO bH WaNHQ LQWR accRXQW LQ
dHcLVLRQ-PaNLQJ

8. DHcLVLRQ-PaNLQJ RQ PaQaJHPHQW acWLRQV ZLOO bH JXLdHd b\ a
SUHcaXWLRQaU\ aSSURacK

9. TKH MPA PaQaJHPHQW UHJLPH PXVW bH HQIRUcHabOH

10. MPA UHVHaUcK ZLOO bH HIIHcWLYHO\ SOaQQHd aQd cR-RUdLQaWHd

A IHZ addLWLRQaO UHVRXUcHV UHOaWHd WR WKH SURcHVV IRU HVWabOLVKLQJ MPAV aQd MPANV aUH ZRUWK
QRWLQJ. BaVHd RQ a UHYLHZ RI WZR UHJLRQV WKaW HQJaJHd LQ SURcHVVHV IRU dHYHORSLQJ SRWHQWLaO
MPAV, aQ AXdLWRU GHQHUaO UHSRUW LQ 2019 IRXQd WKaW WKH MPPF SURcHVV caQ bH IUaXJKW ZLWK
cKaOOHQJHV aQd WHQVLRQV aQd KaV WaNHQ a ORQJ WLPH WR LPSOHPHQW. IQ WKH KaLNǀXUa cRaVW UHJLRQ,
aQ aOWHUQaWLYH cRPPXQLW\-baVHd aSSURacK ZaV OHd b\ TH KRURZaL R TH TaL ǀ MaURNXUa, WKH
KaLNǀXUa CRaVWaO MaULQH GXaUdLaQV (TH KRURZaL) aQd UHVXOWHd LQ a VHULHV RI PaULQH
PaQaJHPHQW PHaVXUHV. IQ SRXWKHUQ SRXWK IVOaQd cRaVWaO bLRUHJLRQ, a MPPF SURcHVV, NQRZQ
aV WKH SRXWK-EaVW MaULQH PURWHcWLRQ FRUXP (SEMPF), LQcOXdHd IRXU \HaUV RI IQdLJHQRXV aQd
cRPPXQLW\ cRQVXOWaWLRQV. TKLV RQJRLQJ SURcHVV PRVW UHcHQWO\ UHVXOWHd LQ a VHULHV RI
UHcRPPHQdaWLRQV IRU WKH JRYHUQPHQW (VHH aOVR WaWVRQ HW aO. 2021). CXUUHQWO\, a WKLUd SURcHVV LV
XQdHUZa\ WR H[SORUH WKH SRWHQWLaO IRU HVWabOLVKLQJ a MPAN LQ WKH QRUWKHUQ SRUWLRQ RI WKH NRUWK
IVOaQd.

BiodiYersiW\ MoniWoring

MRQLWRULQJ RI MPAV KaV bHHQ ³LQcRQVLVWHQW, ZLWK dLIIHUHQW aSSURacKHV aQd VWaQdaUdV bHLQJ
aSSOLHd acURVV WKH QHWZRUN´ (MMRF 2022). TKLV KaV PadH aQ\ UHJLRQaO RU QaWLRQaO HYaOXaWLRQV
dLIILcXOW. WKLOH bURadHU WKaQ RQO\ PaULQH PRQLWRULQJ, ARWHaURa NHZ ZHaOaQd KaV WaNHQ VHYHUaO
VWHSV WRZaUdV WRZaUdV PRUH cRQVLVWHQc\ WKURXJK a VHULHV RI UHSRUWV:

Ɣ TKH DHSaUWPHQW RI CRQVHUYaWLRQ¶V BLRdLYHUVLW\ MRQLWRULQJ aQd RHSRUWLQJ S\VWHP LV
LQWHQdHd WR SURYLdH cRQVLVWHQW aQd cRPSUHKHQVLYH LQIRUPaWLRQ abRXW bLRdLYHUVLW\ acURVV
NHZ ZHaOaQd¶V cRQVHUYaWLRQ OaQd aQd RcHaQV. AV VKRZQ LQ FLJXUH ##, WKH UHSRUWLQJ
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V\VWHP cRQVLVWV RI WKUHH WLHUV: TLHU 1 LV bURadVcaOH PRQLWRULQJ, TLHU 2 LV PRQLWRULQJ RI
PaQaJHd SOacHV (H.J., MPAV), aQd TLHU 3 LV SOacH-baVHd UHVHaUcK. EYaOXaWLRQ RI
SHUIRUPaQcH PHaVXUHV LV LQWHQdHd WR LQcOXdH a YaULHW\ RI LQdLcaWRUV UHOaWHd WR
bLRdLYHUVLW\ RXWcRPHV.

Ɣ TKH BLRdLYHUVLW\ SWUaWHJ\ (2020) LV a VWUaWHJLc IUaPHZRUN IRU WKH SURWHcWLRQ, UHVWRUaWLRQ
aQd VXVWaLQabOH XVH RI bLRdLYHUVLW\ acURVV aOO ARWHaURa NHZ ZHaOaQd. AOWKRXJK WKH
BLRdLYHUVLW\ SWUaWHJ\ dLd QRW JR LQWR dHSWK abRXW PRQLWRULQJ, LW SURYLdHd cOHaU LQdLcaWLRQV
abRXW WKH LPSRUWaQcH RI LQdHSHQdHQW aQd WUaQVSaUHQW PRQLWRULQJ IRU HYaOXaWLQJ SURJUHVV
WRZaUdV SURWHcWLQJ bLRdLYHUVLW\. TKH SWUaWHJ\ aOVR HVWabOLVKHd 5-\HaU LPSOHPHQWaWLRQ
c\cOHV WKaW LQYROYH PRQLWRULQJ WR IHHd LQWR dHcLVLRQ-PaNLQJ IRU IXWXUH LPSOHPHQWaWLRQ
c\cOHV.

Ɣ TKH BLRdLYHUVLW\ SWUaWHJ\ IPSOHPHQWaWLRQ POaQ (2022) HVWabOLVKHd a SaWKZa\ IRU
acKLHYLQJ WKH RXWcRPHV RI WKH BLRdLYHUVLW\ SWUaWHJ\ RYHU WKH QH[W 30 \HaUV. AV SaUW RI aQ
adaSWLYH aSSURacK WR LPSOHPHQWaWLRQ, PRQLWRULQJ LV HQYLVLRQHd aV a NH\ SaUW RI 5-\HaU
UHYLHZV WKaW HYaOXaWH SURJUHVV WRZaUdV JRaOV aQd RXWcRPHV, UHaVVHVV SULRULWLHV, aQd
dHYHORS QHZ acWLRQV. TKLV PRQLWRULQJ ZLOO QHcHVVaULO\ UHTXLUH ³LPSURYHd V\VWHPV IRU
NQRZOHdJH, VcLHQcH, daWa aQd LQQRYaWLRQ´. IQdLJHQRXV SaUWQHUV (MƗWaXUaQJa MƗRUL) aUH
aOVR HQYLVLRQHd aV LQWHJUaO IRU bLRdLYHUVLW\ UHVHaUcK aQd PaQaJHPHQW.

Ɣ TKH MaULQH MRQLWRULQJ aQd RHSRUWLQJ FUaPHZRUN (2022) LV a QaWLRQaO PaULQH PRQLWRULQJ
V\VWHP WKaW IRcXVHV RQ MPA (PaULQH UHVHUYH) PRQLWRULQJ. TKH MMRF cRQVWLWXWHV TLHU 2
PRQLWRULQJ IRU PaULQH UHVHUYHV (PRQLWRULQJ PaQaJHd SOacHV) XQdHU DOC¶V BLRdLYHUVLW\
MRQLWRULQJ aQd RHSRUWLQJ S\VWHP (FLJXUH 15) aQd ZLOO aOVR IHHd LQWR TLHU 1 PRQLWRULQJ,
ZKLcK ORRNV aW QaWLRQaO WUHQdV. FXUWKHU dHWaLOV abRXW WKH MMRF aUH VXPPaUL]Hd LQ WKH
IROORZLQJ VHcWLRQ.

Ɣ AddLWLRQaO UHSRUWV aUH aOVR aYaLOabOH WKURXJK WKH MaULQH PURWHcWHd AUHaV RHVHaUcK
PURJUaPPH ZHbVLWH aQd WKH MaULQH IQYHQWRU\ aQd MRQLWRULQJ ZHbVLWH.
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FigXre 15: TLHUV RI WKH DHSaUWPHQW RI CRQVHUYaWLRQ¶V bLRdLYHUVLW\ PRQLWRULQJ aQd UHSRUWLQJ V\VWHP (ILJXUH
IURP DHSaUWPHQW RI CRQVHUYaWLRQ 2022).

Marine MoniWoring and ReporWing FrameZork

WRUN WRZaUdV VWaQdaUdL]aWLRQ RI PaULQH PRQLWRULQJ aQd cUHaWLRQ RI WKH MMRF ZaV LQLWLaWHd LQ
2018 ZLWK WKH KLULQJ RI a IXOO WLPH VWaII RQ WKLV ILOH. TKH aSSURacK WaNHQ b\ WKH DHSaUWPHQW RI
CRQVHUYaWLRQ ZaV WR cUHaWH a IUaPHZRUN WKaW HQabOHd VWaQdaUdL]Hd PRQLWRULQJ bXW aOVR aOORZHd
IOH[LbLOLW\ IRU VLWH-VSHcLILc QHHdV (FLJXUH 16). AV HacK MPA KaV XQLTXH bLRORJLcaO aQd KabLWaW
IHaWXUHV, WKH\ aOVR aUH LQWHUcRQQHcWHd ZLWK cRPPXQLWLHV aQd IQdLJHQRXV SHRSOHV ZKR ZLOO KaYH
LQWHUHVWV LQ aQ\ PRQLWRULQJ WKaW WaNHV SOacH.

“  The MMRF has taken DOC¶s [Department of Conservation] standardised
monitoring framework and adapted it to the marine environment as a suggestion
of what should be monitored nationally. It does not make any assumptions about
what is to be monitored at place. Instead, using guidance from this document,
marine reserve monitoring plans will be co-developed and co-implemented with
whƗnau, hapǌ, iwi and communities.” (MMRF 2022)

TKH SURSRVHd aSSURacK LQ WKH MMRF LQcOXdHV SRWHQWLaO IRU VLWH-VSHcLILc PRQLWRULQJ aQd
cR-dHVLJQ aQd cR-LPSOHPHQWaWLRQ ZLWK WaQJaWa ZKHQXa (MƗRUL WHUP IRU "SHRSOH RI WKH OaQd")
ZKHUH WKHUH LV LQWHUHVW WR dR VR.
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FigXre 16: MRdHO RI WKH UHOaWLRQVKLS bHWZHHQ HOHPHQWV RI WKH MaULQH MRQLWRULQJ aQd RHSRUWLQJ
FUaPHZRUN (DHSaUWPHQW RI CRQVHUYaWLRQ 2022b).

TKH RYHUaUcKLQJ SXUSRVH RI WKH MMRF LV WR “provide a national marine monitoring and reporting
framework that will enable the evaluation of the status and trends of marine reserve ecological
integrity” (DHSaUWPHQW RI CRQVHUYaWLRQ 2022b). AV VWaWHd LQ WKH MMRF, PaULQH PRQLWRULQJ LV
LQWHQdHd WR PHHW QXPHURXV QHHdV (DHSaUWPHQW RI CRQVHUYaWLRQ 2022b), LQcOXdLQJ:

Ɣ IQIRUP, HdXcaWH, aQd LQYROYH SHRSOH
Ɣ AVVHVV H[LVWLQJ UHVHUYHV
Ɣ SXSSRUW HVWabOLVKPHQW RI aQ HIIHcWLYH QHWZRUN RI MPAV
Ɣ MHHW dRPHVWLc aQd LQWHUQaWLRQaO UHSRUWLQJ UHTXLUHPHQWV
Ɣ MaNH LQIRUPHd PaQaJHPHQW dHcLVLRQV

IW LV QRWabOH WKaW dHYHORSPHQW RI WKH MMRF ZaV OaUJHO\ LQIOXHQcHd b\ WKH IQWHJUaWHd MRQLWRULQJ
FUaPHZRUN IRU WKH GUHaW BaUULHU RHHI (HHdJH HW aO. 2013). IQ SaUWLcXOaU, WKH UHOaWLRQVKLS bHWZHHQ
PaQaJHPHQW RbMHcWLYHV aQd PRQLWRULQJ RbMHcWLYHV ZaV LQIOXHQWLaO. TKH PaQaJHPHQW RbMHcWLYHV
KHOS WR HVWabOLVK UHOHYaQW UHVHaUcK TXHVWLRQV aQd WKH W\SHV RI PRQLWRULQJ WKaW ZLOO bH QHHdHd WR
aQVZHU WKRVH TXHVWLRQV.
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TKH IUaPHZRUN LQcOXdHV 10 WKHPaWLc aUHaV (TabOH 27) WKaW aUH LQWHQdHd WR HQabOH PHaVXUHPHQW
WRZaUdV WKH RbMHcWLYHV RI WKH BLRdLYHUVLW\ SWUaWHJ\ (DHSaUWPHQW RI CRQVHUYaWLRQ 2020). TKHVH
10 WKHPHV ZHUH dHYHORSHd ZLWKLQ WKH IROORZLQJ JXLdLQJ SULQcLSOHV:

Ɣ EQJaJLQJ WaQJaWa MƗRUL
Ɣ UVLQJ VWaQdaUdLVHd PHWKRdV
Ɣ WRUNLQJ WRJHWKHU
Ɣ DUaZLQJ RQ aQd cRQWULbXWLQJ WR H[LVWLQJ PRQLWRULQJ SURJUaPPHV
Ɣ IQYROYLQJ WKH cRPPXQLW\ aQd/RU cLWL]HQ VcLHQcH

WKLOH WKHUH LV bURad LQcOXVLRQ RI KXPaQ dLPHQVLRQV ZLWKLQ WKH MMRF aQd VWURQJ VXSSRUW IRU
ZRUNLQJ ZLWK IQdLJHQRXV SHRSOH, WKH IUaPHZRUN dRHV QRW SURYLdH VSHcLILc JXLdaQcH RQ KRZ WR
LQWHJUaWH ZHVWHUQ aQd IQdLJHQRXV IRUPV RI VcLHQcH aQd NQRZOHdJH. TKURXJK dLVcXVVLRQ ZLWK
DOC VWaII, KRZHYHU, WKaW VXcK LQWHJUaWLYH SURcHVVHV dR QRW QHcHVVaULO\ QHHd WR bH ZULWWHQ dRZQ.
AV MƗRUL ZLOO bH LQYROYHd dLUHcWO\ ZLWK NQRZOHdJH LQWHJUaWLRQ, WKH\ ZLOO bH abOH WR JXLdH WKH
SURcHVVHV baVHd RQ ORcaO LQWHUHVWV.

Table 27: 10 WKHPHV LQ WKH MaULQH MRQLWRULQJ aQd RHSRUWLQJ FUaPHZRUN (2022).

TKHPH 1 ± IdHQWLI\ WKH SURSRUWLRQ RI HcRV\VWHPV SURWHcWHd

TKHPH 2 ± DHWHUPLQH cKaQJHV LQ KabLWaW cRPSRVLWLRQ aQd cRQdLWLRQ

TKHPH 3 ± DHILQH aQd WUacN cOLPaWH cKaQJH LQdLcaWRUV

TKHPH 4 ± DHVcULbH WKH abXQdaQcH aQd dHPRJUaSK\ RI NH\ VSHcLHV

TKHPH 5 ± DHWHUPLQH WKH UaWHV RI cRPSOLaQcH

TKHPH 6 ± EYaOXaWH HQYLURQPHQWaO ZaWHU TXaOLW\ LQdLcaWRUV

TKHPH 7 ± UQdHUVWaQd KXPaQ XVHV RI aQd UHOaWLRQVKLSV ZLWK PaULQH UHVHUYHV

TKHPH 8 ± DHWHcW QRQ-LQdLJHQRXV VSHcLHV

TKHPH 9 ± DHWHUPLQH WKH HIIHcWV RI H[WUHPH HYHQWV

TKHPH 10 ± UQdHUVWaQd WKH LPSacW RI SROOXWLRQ

WLWKLQ WKH MMRF, HacK WKHPH (TabOH 2) LV dLVcXVVHd LQ dHWaLO accRUdLQJ WR a QXPbHU RI NH\
WRSLcV. TKHVH WRSLcV LQcOXdH:

Ɣ BacNJURXQd aQd RbMHcWLYHV
Ɣ E[LVWLQJ PRQLWRULQJ SURJUaPPHV
Ɣ SaPSOLQJ dHVLJQ (LQcOXdLQJ VHOHcWLRQ RI LQdLcaWRUV aQd PRQLWRULQJ SURJUaPPHV)
Ɣ MRQLWRULQJ SURWRcROV
Ɣ DaWa PaQaJHPHQW (LQcOXdLQJ TXaOLW\ cRQWURO, TXaOLW\ aVVXUaQcH, aQd daWa VWRUaJH)

93



Ɣ DaWa aQaO\VLV (LQcOXdLQJ PHWKRdV IRU daWa SUHSaUaWLRQ/SURcHVVLQJ, daWa H[SORUaWLRQ,
aVVXPSWLRQ WHVWLQJ, K\SRWKHVLV WHVWLQJ, aQd daWa YLVXaOL]aWLRQ)

Ɣ RHSRUWLQJ aQd cRPPXQLcaWLRQ
Ɣ RHYLHZLQJ aQd aXdLWLQJ

ParWnerships and CommXniW\ EngagemenW

OZLQJ WR WKH RULHQWaWLRQ RI WKH MaULQH RHVHUYHV AcW (1971), WKHUH LV a OaUJH HPSKaVLV RQ
UHVHaUcK LQ ARWHaURa NHZ ZHaOaQd MPAV. AV VXcK, SaUWQHUVKLSV ZLWK XQLYHUVLW\ UHVHaUcKHUV LV
cRPPRQ WR WKH H[WHQW WKaW PaQ\ MPAV aQd PaULQH UHVHUYHV KaYH UHVHaUcKHUV aVVRcLaWHd ZLWK
WKHP. TKH DOC SURYLdHV WKH UHVHaUcKHUV ZLWK WRRObR[HV WKaW LQcOXdH VWaQdaUdL]Hd SURWRcROV IRU
PRQLWRULQJ. TKHVH SaUWQHUVKLSV SURYLdH VWXdHQW UHVHaUcKHUV ZLWK KaQdV-RQ H[SHULHQcH ZKLOH
cROOHcWLQJ LPSRUWaQW daWa. OWKHU LPSRUWaQW SaUWQHUVKLSV aUH ZLWK UHJLRQaO cRXQcLOV. TKH DOC
PaLQWaLQV UHOaWLRQVKLSV ZLWK WKH UHJLRQaO cRXQcLOV WKURXJK UHVRXUcH aQd NQRZOHdJH VKaULQJ
(H.J., UHOaWHd WR ZaWHU TXaOLW\ PRQLWRULQJ).

IQ 2023 WKH DOC LV SLORWLQJ WKH XVH RI a cXVWRP bXLOW aSS WKaW ZLOO bH XVHd b\ UaQJHUV LQ 26
PaULQH UHVHUYHV. WKHQ WKH UaQJHUV dR SaWUROV, WKH\ ZLOO HQWHU LQIRUPaWLRQ abRXW WKHLU
LQWHUacWLRQV ZLWK SHRSOH. IQ VRPH LQVWaQcHV, WKHVH LQWHUacWLRQV Pa\ HQWaLO HdXcaWLRQ UHOaWHd WR
cRQVHUYaWLRQ RU VSHcLILc acWLRQV WaNHQ LQ UHOaWLRQ WR cRPSOLaQcH aQd HQIRUcHPHQW. TKH LQWHQW RI
WKLV daWa cROOHcWLRQ LV WR bH abOH WR ILOO a JaS LQ XQdHUVWaQdLQJ KRZ SHRSOH aUH LQWHUacWLQJ ZLWKLQ
MPAV, ZKLcK ZLOO LQ WXUQ KHOS ZLWK IXWXUH PaQaJHPHQW aQd HQIRUcHPHQW.

AQRWKHU WHcKQRORJ\ bHLQJ HPSOR\Hd WR HQJaJH cRPPXQLWLHV aQd WKH ZLdHU SXbOLc LV a cLWL]HQ
VcLHQcH SURJUaP caOOHd SS\ILVK ARWHURUa. TKURXJK WKH ZRRQLYHUVH SOaWIRUP, YROXQWHHUV aUH abOH
WR cRXQW aQd LdHQWLI\ ILVK VSHcLHV IURP XQdHUZaWHU LPaJHV. TKH XSWaNH RI WKLV SURJUaP KaV bHHQ
YHU\ VXccHVVIXO. ASSUR[LPaWHO\ 3,000 SHRSOH VLJQHd XS RYHU aQ 18 PRQWK SHULRd aQd cRXQWHd
aQ HVWLPaWHd 20,000 ILVK. TKHUH aUH SOaQV WR bXLOd aQ HdXcaWLRQ WRRO baVHd RQ SS\ILVK ARWHURUa,
ZKHUH VWXdHQWV ZLOO OHaUQ PRUH abRXW PRQLWRULQJ WHcKQLTXHV aV ZHOO aV WKH dHVLJQ RI PRQLWRULQJ
aQd KRZ PaULQH OHaUQLQJ caQ KHOS WR addUHVV cRQVHUYaWLRQ SURbOHPV.
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ParW 2: LiWeraWXre and E[perW
InsighWs inWo BesW PracWices
for Marine ProWecWed Area
NeWZork MoniWoring
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TKLV VHcWLRQ bHJLQV b\ UHYLHZLQJ LQVLJKWV aQd OHVVRQV abRXW HaUO\ dHVLJQ aQd LPSOHPHQWaWLRQ RI

MPAN PRQLWRULQJ, ZKLcK OHadV LQWR dHWaLOHd LQVLJKWV aQd cRQVLdHUaWLRQV abRXW NH\ LQdLcaWRUV IRU

MPAN PRQLWRULQJ. NH[W, ZH UHYLHZ bHVW SUacWLcHV IRU daWa cROOHcWLRQ aQd HPSKaVL]H VRPH

WHcKQRORJLHV aQd aSSURacKHV WKaW Pa\ bH SaUWLcXOaUO\ UHOHYaQW IRU WKH cRQWH[W RI WKH NSB. WH

aOVR UHYLHZ LPSRUWaQW cRQVLdHUaWLRQV IRU daWa PaQaJHPHQW, bRWK IURP WKH SHUVSHcWLYH RI a OaUJH

JURXS RI dLYHUVH PaULQH HQYLURQPHQW VLWHV aQd LQ cRQVLdHUaWLRQ RI IQdLJHQRXV SaUWQHUV¶ SRWHQWLaO

LQWHUHVWV LQ daWa VRYHUHLJQW\. TKHQ ZH dLVcXVV aQaO\VHV WKaW KaYH bHHQ XVHd VSHcLILcaOO\ IRU

MPAN PRQLWRULQJ, LQcOXdLQJ Za\V RI aVVHVVLQJ cKaQJHV LQ cKaUacWHULVWLcV VXcK aV KabLWaW

UHSUHVHQWaWLRQ aQd cRQQHcWLYLW\. FLQaOO\, ZH UHYLHZ bHVW SUacWLcHV IRU UHSRUWLQJ aQd

cRPPXQLcaWLRQV - LQcOXdLQJ WKH LPSRUWaQcH RI PaQaJLQJ SaUWQHUV¶ aQd WKH SXbOLc¶V H[SHcWaWLRQV

- aQd KRZ aQaO\VHV aQd UHSRUWLQJ Pa\ bH XVHd WR LQIRUP IXWXUH dHcLVLRQ-PaNLQJ.

2.1 Earl\ SWages of MPAN FormaWion and
MoniWoring Design

BRWK WKH SXbOLVKHd OLWHUaWXUH aQd LQVLJKWV IURP caVH VWXd\ LQWHUYLHZV VXJJHVW WKaW MPAN

PRQLWRULQJ aQd HYaOXaWLRQ aUH PRVW HIIHcWLYH ZKHQ SOaQQLQJ LV LQLWLaWHd aQd VXSSRUWHd b\ VWURQJ

SROLc\ aQd IXQdLQJ. EVWabOLVKLQJ SURYLVLRQV IRU MPAN PRQLWRULQJ ZLWKLQ OHJLVOaWLRQ caQ bH cULWLcaO

IRU HQVXULQJ WKaW JRYHUQPHQWV cRPPLW ORQJ-WHUP IXQdLQJ WKaW LV QHHdHd IRU LPSOHPHQWLQJ aQ

HIIHcWLYH PRQLWRULQJ VWUaWHJ\. SHcXULQJ cRQVLVWHQW, UHOLabOH IXQdLQJ LV HVVHQWLaO WR PaNH VXUH WKaW

(1) WKHUH aUH QRW aQ\ JaSV LQ daWa cROOHcWLRQ (H.J., PLVVLQJ \HaUV/PRQWKV), aQd (2) WKHUH LV a SOaQ

LQ SOacH WR cROOHcW daWa aW UHJXOaU LQWHUYaOV aW WKH VaPH VLWHV. IQ WKH UHcHQW CaOLIRUQLa MPAN 10

\HaU UHYLHZ, SaUWQHUV QRWHd WKaW LW ZaV cULWLcaO WKaW WKH\ KaYH cRQVLVWHQW daWaVHWV WKaW ZHUH

cROOHcWHd aW WKH VaPH VLWHV UHJXOaUO\. FRU LQVWaQcH, LI PRQLWRULQJ LV cRQdXcWHd aW a VLWH RQO\ RQcH

HYHU\ WKUHH \HaUV, aIWHU 10 \HaUV WKHUH ZLOO RQO\ bH WKUHH daWa SRLQWV WR ZRUN ZLWK. TKaW Pa\ QRW

bH HQRXJK daWa WR VKRZ a WUHQd ZLWK aQ\ VRUW RI cRQILdHQcH. TKXV, ZKHQ dHVLJQLQJ a PRQLWRULQJ

SOaQ, dHcLVLRQV abRXW LQWHUYaOV IRU daWa cROOHcWLRQ aW LQdLYLdXaO VLWHV ZLOO bH YHU\ LPSRUWaQW. TKHUH

aUH WUadH-RIIV WR bH PadH bHWZHHQ PRQLWRULQJ aW a OaUJHU QXPbHU RI VLWHV YHUVXV PRQLWRULQJ aW

IHZHU VLWHV bXW dRLQJ VR PRUH IUHTXHQWO\.

SWURQJ cRRUdLQaWLRQ aPRQJ SaUWQHUV LV aOVR LPSRUWaQW IRU JRYHUQaQcH RI MPAN PRQLWRULQJ.

RHVHaUcK aQd HYaOXaWLRQ KaV UHSHaWHdO\ dHPRQVWUaWHd WKaW LQcOXVLRQ RI aOO MPAN SaUWQHUV aQd
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RWKHU NH\ acWRUV LV HVVHQWLaO IRU VXVWaLQHd, ORQJ-WHUP VXccHVV (AOH[aQdHU HW aO. 2016; HaOO-AUbHU

HW aO. 2021). MXKO HW aO. (2022) KaYH VKRZQ KRZ LdHQWLILcaWLRQ aQd dHYHORSPHQW RI LQdLcaWRUV LV a

YHU\ VXbMHcWLYH SURcHVV aQd LQKHUHQWO\ LQYROYHV SRZHU d\QaPLcV. AWWHQWLRQ WR WKHVH d\QaPLcV

aQd UHOaWLRQVKLSV aPRQJ MPAN SaUWQHUV LV cULWLcaO IRU adRSWLRQ RI PRQLWRULQJ SOaQV aQd

ORQJ-WHUP VXccHVV. IQ PRVW caVH VWXdLHV IRU WKLV UHSRUW (PaUW 1), WKH RUJaQL]aWLRQaO VWUXcWXUH IRU

PRQLWRULQJ acWLYLWLHV ZaV dHYHORSHd aIWHU dHOLQHaWLRQ aQd LPSOHPHQWaWLRQ RI MPAV. OQH

H[cHSWLRQ ZaV NHZ ZHaOaQd, ZKHUH a PRQLWRULQJ IUaPHZRUN KaV bHHQ dHYHORSHd aQd UHOHaVHd

SULRU WR HVWabOLVKPHQW RI WKH HQWLUH MPAN. DHYHORSPHQW RI a PRQLWRULQJ SOaQ aQd IUaPHZRUN ZLOO

LQYROYH dLVcXVVLRQ aURXQd PaQ\ cRQVLdHUaWLRQV, VXcK aV LdHQWLILcaWLRQ RI NH\ VSHcLHV/KabLWaWV

aQd VHOHcWLRQ RI UHOHYaQW LQdLcaWRUV, daWa RZQHUVKLS aQd VRYHUHLJQW\, aQd UHVSRQVLbLOLWLHV RI

HacK SaUWQHU.

SWURQJ SaUWLcLSaWRU\ SURcHVVHV aOVR KHOS WR IacLOLWaWH WKH dHYHORSPHQW RI aQ RYHUaUcKLQJ

HYaOXaWLRQ IUaPHZRUN WKaW bRWK addUHVVHV QHWZRUN-OHYHO TXHVWLRQV aQd aOORZV IRU VLWH-OHYHO

QHHdV aQd TXHVWLRQV. IQ addLWLRQ WR TXHVWLRQV abRXW UHSUHVHQWaWLYHQHVV, cRQQHcWLYLW\, aQd RWKHU

dHVLJQ IHaWXUHV (BXUW HW aO. 2014), WKH CaOLIRUQLa dHcadaO UHYLHZ LdHQWLILHd a VHULHV RI addLWLRQaO

HYaOXaWLRQ TXHVWLRQV WKaW dHPRQVWUaWH WKH W\SHV RI OaUJH-VcaOH, QHWZRUN-OHYHO LVVXHV WKaW ZLOO bH

SUHVHQW IRU a MPAN (VHH ASSHQdL[ 1 aQd 2 LQ HaOO-AUbHU HW aO. 2021). AW WKH VaPH WLPH,

LQdLYLdXaO VLWHV ZLWKLQ a MPAN - ZKLcK cRXOd bH PaQaJHd b\ dLIIHUHQW MXULVdLcWLRQaO aXWKRULWLHV,

KaYH YaU\LQJ OHYHOV RI SURWHcWLRQV, aQd UHSUHVHQW dLIIHUHQW KabLWaWV aQd VSHcLHV - ZLOO KaYH

ORcaO-OHYHO TXHVWLRQV WKaW aOVR QHHd WR bH addUHVVHd WKURXJK PRQLWRULQJ. FRU LQVWaQcH, a VLWH

WKaW ZaV SURWHcWHd dXH WR WKH SUHVHQcH RI a VSHcLHV WKaW LV LPSRUWaQW IRU ILVKHULHV RU WKaW KaV a

UHVWULcWHd JHRJUaSKLcaO UaQJH Pa\ UHTXLUH W\SHV RI PRQLWRULQJ WKaW aUH QRW UHTXLUHd aW RWKHU

VLWHV.
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2.2 Baseline MoniWoring

GORbaOO\, PRVW MPANV KaYH QRW cROOHcWHd baVHOLQH daWa SULRU WR LPSOHPHQWaWLRQ RI WKH HQWLUH

QHWZRUN. WKaW KaV bHHQ cROOHcWHd WHQdV WR bH VLWH-VSHcLILc RU UHOaWHd WR VWRcN aVVHVVPHQWV, IRU

H[aPSOH, daWa UHOaWHd WR NQRZQ RU VXVSHcWHd VSHcLHV aQd KabLWaWV RU cRPSLOaWLRQ RI ILVKHULHV

daWa. WKLOH WKHVH W\SHV RI daWa aUH LQVWUXPHQWaO IRU dHOLQHaWLQJ bRXQdaULHV aQd UXOHV IRU

SURWHcWHd aUHaV, WKH OLWHUaWXUH aQd caVH VWXdLHV dLd QRW UHYHaO aQ\ V\VWHPaWLc, QHWZRUN-ZLdH

aSSURacKHV WR cROOHcWLRQ RI baVHOLQH daWa. FRU LQVWaQcH, LQ CaOLIRUQLa WKH MPAN ZaV dHVLJQHd

aQd LPSOHPHQWHd VHYHUaO \HaUV bHIRUH a PRQLWRULQJ SOaQ ZaV IRUPaOO\ SXW LQ SOacH, dHVSLWH

adYRcac\ IURP H[SHUWV IRU WKH HaUO\ dHYHORSPHQW RI a PRQLWRULQJ SOaQ. PaUW RI WKH UHaVRQ IRU

dHOa\Hd dHYHORSPHQW RI a MPAN PRQLWRULQJ SOaQ LQ CaOLIRUQLa ZaV WKH VHTXHQWLaO

LPSOHPHQWaWLRQ RI WKH QHWZRUN acURVV LWV IRXU UHJLRQV (VHH CaOLIRUQLa caVH VWXd\ IRU IXUWKHU

dHWaLOV). AV WKH QHWZRUN ZaV LPSOHPHQWHd LQ HacK UHJLRQ aORQJ WKH cRaVW, baVHOLQH daWa ZHUH

cROOHcWHd LQ WKH ILUVW \HaU RU VR IROORZLQJ LPSOHPHQWaWLRQ. BaVHd RQ WKLV H[SHULHQcH, a NH\

cRQVLdHUaWLRQ IRU dHYHORSLQJ aQd LPSOHPHQWLQJ a QHZ MPAN LV WR UHIOHcW RQ KRZ daWa cROOHcWHd

aW dLIIHUHQW VLWHV, dLIIHUHQW \HaUV, aQd IRU VRPHWLPHV dLIIHUHQW SXUSRVHV (H.J., H[LVWLQJ MPAV WKaW

aOUHad\ KaYH WLPH VHULHV daWa, YHUVXV QHZ MPAV ZLWK OLWWOH RU QR daWa) Pa\ bH aOLJQHd IRU

cRQWULbXWLRQ WR baVHOLQH aQd ORQJ-WHUP PRQLWRULQJ HIIRUWV.

CROOHcWLRQ RI baVHOLQH daWa UHTXLUHV PaQ\ RI WKH VaPH cRQVLdHUaWLRQV aV ORQJ-WHUP PRQLWRULQJ

aQd RIWHQ VKaSHV SOaQQLQJ RI RQJRLQJ PRQLWRULQJ SURJUaPV LQ dLYHUVH Za\V. FRU LQVWaQcH,

aSSOLcaWLRQ RI aSSURSULaWH LQdLcaWRUV aQd WKH VHOHcWLRQ RI daWa cROOHcWLRQ WHcKQLTXHV aQd

WHcKQRORJLHV LV LPSRUWaQW IRU bRWK baVHOLQH daWa aQd ORQJ-WHUP daWa, ZKLOH WKH abLOLW\ WR cROOHcW

baVHOLQH daWa SULRU WR MPAN LPSOHPHQWaWLRQ KaV a VWURQJ LQIOXHQcH RQ WKH W\SH aQd VcLHQWLILc

ULJRU RI VWXd\ dHVLJQV WKaW caQ bH XVHd WR HYaOXaWH QHWZRUN HIIHcWLYHQHVV. FRU WKHVH UHaVRQV,

baVHOLQH PRQLWRULQJ LV dLVcXVVHd WKURXJKRXW PaQ\ RI WKH VHcWLRQV WKaW IROORZ.
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2.3 CaWegories of MPAN MoniWoring

IQdLcaWRUV aUH TXaOLWaWLYH RU TXaQWLWaWLYH bLRORJLcaO, cKHPLcaO, SK\VLcaO, VRcLaO, cXOWXUaO, aQd/RU

HcRQRPLc PHaVXUHPHQWV WKaW acW aV SUR[LHV IRU aWWULbXWHV RI VRcLR-HcRORJLcaO V\VWHPV. WKHQ

PHaVXUHd UHSHaWHdO\ aV SaUW RI bURadHU, ULJRURXVO\ dHVLJQHd PRQLWRULQJ SURJUaPV, LQdLcaWRUV

SURYLdH a SUacWLcaO PHaQV WR aVVHVV cKaQJHV LQ aWWULbXWHV RI WKH VRcLR-HcRORJLcaO V\VWHP RYHU

WLPH UHOaWLYH WR PaQaJHPHQW RbMHcWLYHV. TKLV LQIRUPaWLRQ caQ KHOS WR aVVHVV ULVNV, SUHdLcW IXWXUH

cKaQJH, aQd LQIRUP adMXVWPHQWV LQ bRWK PRQLWRULQJ aQd PaQaJHPHQW SUacWLcHV WKURXJK adaSWLYH

PaQaJHPHQW (LRQJR HW aO 2015; TRQ\ 2020).

IQ WKH cRQWH[W RI MPAV aV a IRUP RI PaQaJHPHQW LQWHUYHQWLRQ, managemenW goals and
objecWiYes SURYLdH WKH baVLV IRU a PRQLWRULQJ IUaPHZRUN LQWHQdHd WR aVVHVV RYHUaOO MPA

SHUIRUPaQcH. AOWKRXJK PaQaJHPHQW JRaOV aQd RbMHcWLYHV caQ YaU\ ZLdHO\ acURVV ORcaO cRQWH[WV,

PaQ\ caQ bH OLQNHd bacN WR WKH VL[ TXaOLWaWLYH HOHPHQWV RI ALcKL TaUJHW 11, ZKLcK caOOV LQ SaUW IRU

cRaVWaO aQd PaULQH aUHaV WR bH cRQVHUYHd WKURXJK V\VWHPV RI SURWHcWHd aUHaV WKaW (1)

HQcRPSaVV aUHaV RI LPSRUWaQcH IRU bLRdLYHUVLW\, cRQVHUYaWLRQ, aQd HcRV\VWHP VHUYLcHV, (2) aUH

HcRORJLcaOO\ UHSUHVHQWaWLYH, (3) aUH HcRORJLcaOO\ cRQQHcWHd, (4) aUH HTXLWabO\ PaQaJHd, (5) aUH

HIIHcWLYHO\ PaQaJHd, aQd (6) aUH LQWHJUaWHd LQWR WKH ZLdHU OaQd aQd VHaVcaSH (CBD 2011,

DXQKaP HW aO 2020, MHHKaQ HW aO. 2020).

WLWKLQ WKH cRQWH[W RI WKHVH JRaOV aQd RbMHcWLYHV, MPA PRQLWRULQJ IUaPHZRUNV JHQHUaOO\

HQcRPSaVV IRXU caWHJRULHV RI PRQLWRULQJ aQd UHOaWHd LQdLcaWRUV (DXQKaP HW aO. 2020):

Ɣ HXman PressXre MoniWoring (aOVR UHIHUUHd WR aV cRPSOLaQcH PRQLWRULQJ): GLYHQ WKaW

WKH SULPaU\ SXUSRVH RI aQ MPA LV WR UHdXcH KXPaQ SUHVVXUHV WR aOORZ IRU HcRV\VWHP

UHcRYHU\, PRQLWRULQJ KXPaQ acWLYLWLHV aQd SUHVVXUHV LV IXQdaPHQWaO IRU XQdHUVWaQdLQJ

ZKHWKHU WKH LQWHQdHd SURWHcWLRQV aUH bHLQJ UHaOL]Hd RU ZKHWKHU MPAV aUH RSHUaWLQJ aV

µSaSHU SaUNV¶. WKHUH SURWHcWLRQV aUH QRW bHLQJ UHaOL]Hd, cKaQJHV WR PaQaJHPHQW

VWUaWHJLHV aQd acWLRQV Pa\ bH QHHdHd bHIRUH WKH dHVLUHd HcRORJLcaO RXWcRPHV caQ bH

acKLHYHd. TKLV W\SH RI PRQLWRULQJ Pa\ aVVHVV VRcLaO aQd JRYHUQaQcH LQdLcaWRUV VXcK aV

cRPSOLaQcH IRU UHVWULcWHd acWLYLWLHV, cKaQJHV LQ XQUHVWULcWHd acWLYLWLHV, RU HPHUJLQJ

acWLYLWLHV aQd aVVRcLaWHd SUHVVXUHV.

Ɣ MPA Performance MoniWoring: MRQLWRULQJ SURJUaPV aQd LQdLcaWRUV UHOaWHd WR

PaQaJHPHQW LQWHUYHQWLRQV, LQcOXdLQJ SURWHcWLRQ aQd ]RQLQJ LQ aQ MPA, VKRXOd LQcOXdH

aQd aOVR H[WHQd bH\RQd VWaWXV aQd WUHQdV PRQLWRULQJ WR LQcOXdH HIIHcWLYHQHVV RU
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SHUIRUPaQcH PRQLWRULQJ WKaW aLPV WR XQdHUVWaQd ZKHWKHU MPAV aUH µZRUNLQJ¶, HLWKHU

LQdLYLdXaOO\ RU cROOHcWLYHO\ acURVV QHWZRUNV, WR PLWLJaWH NH\ SUHVVXUHV aQd acKLHYH WKHLU

PaQaJHPHQW JRaOV aQd RbMHcWLYHV (RH\QROdV HW aO. 2016, Ha\HV HW aO. 2019, DXQKaP HW

aO 2020). TKLV caWHJRU\ RI PRQLWRULQJ XVXaOO\ PHaVXUHV MPA-VSHcLILc LQdLcaWRUV RI

VRcLR-HcRORJLcaO VWaWH, IXQcWLRQ, aQd/RU VHUYLcHV LQVLdH aQd RXWVLdH RI MPAV WR dHWHcW

MPA HIIHcWV RYHU WLPH. IPSRUWaQWO\, acKLHYLQJ MPA RbMHcWLYHV dRHV QRW aOZa\V UHTXLUH

LPSURYHPHQWV LQ SHUIRUPaQcH LQdLcaWRUV; aW UHOaWLYHO\ XQdLVWXUbHd VLWHV, µVXccHVV¶ Pa\

bH dHILQHd aV PaLQWaLQLQJ a baVHOLQH RU VORZLQJ UaWHV RI dHcOLQH (H.J., IRU bLRPaVV, bRd\

VL]H, RU abXQdaQcH) cRPSaUHd WR QRQ-MPA VLWHV (DXQKaP HW aO. 2020).

Ɣ Reference MoniWoring: MPAV aUH YaOXabOH aV UHIHUHQcH aUHaV IRU VWXd\LQJ WKH HIIHcWV RI

JORbaO aQd UHJLRQaO-VcaOH SUHVVXUHV VXcK aV cOLPaWH cKaQJH, dLIIXVH SROOXWLRQ, aQd

UHJLRQaO-VcaOH ILVKHULHV RQ PaULQH HcRV\VWHPV. TKLV LV SaUWLcXOaUO\ WUXH IRU HIIHcWLYHO\

PaQaJHd QR-WaNH aQd HVSHcLaOO\ QR-HQWU\ MPAV, ZKHUH WKHVH bURadHU-VcaOH SUHVVXUHV

aUH QRW cRQIRXQdHd b\ WKH HIIHcWV RI ORcaO KXPaQ acWLYLWLHV. RHIHUHQcH PRQLWRULQJ

cRQVLdHUV WKH dLIIHUHQcHV bHWZHHQ MPA aQd QRQ-MPA VLWHV (H.J., PaULQH LPSacWV LQ

ILVKHd aUHaV cRPSaUHd WR QR-WaNH MPAV). FRU H[aPSOH, WKH bLRPaVV RI H[SORLWHd VSHcLHV

LQ XQILVKHd QR-WaNH aUHaV cRXOd bH XVHd aV a SUR[\ IRU XQILVKHd bLRPaVV WR dHULYH bHWWHU

HPSLULcaO HVWLPaWHV RI VWRcN VWaWXV (H.J., aV IRU NHZ ZHaOaQd ORbVWHU, HaQQV HW aO. 2022).

Ɣ AmbienW CondiWion MoniWoring: APbLHQW cRQdLWLRQ PRQLWRULQJ, aOVR NQRZQ aV

VXUYHLOOaQcH PRQLWRULQJ, aLPV WR caSWXUH NQRZOHdJH aQd daWa abRXW bURadHU-VcaOH WUHQdV

RU SKHQRPHQa UHOaWLQJ WR RcHaQ KHaOWK VXcK aV UHcXUULQJ UHJLRQaO cOLPaWH SaWWHUQV,

ORQJ-WHUP cOLPaWH-cKaQJH, VSHcLHV VWaWXV RU cRPPXQLW\ VWUXcWXUH IRU WKH bURadHU PaULQH

UHJLRQ aQd Pa\ RccXU bRWK RXWVLdH aQd LQVLdH MPAV, bXW ZLWKRXW H[SOLcLW UHOaWLRQVKLS WR

MPA VWaWXV RU bRXQdaULHV. TKLV LQIRUPaWLRQ LV LPSRUWaQW LQ WKH OaUJHU cRQWH[W RI

HcRV\VWHP-baVHd PaQaJHPHQW, bXW LV aOVR UHOHYaQW WR HYaOXaWLQJ MPA HIIHcWLYHQHVV b\

(1) caSWXULQJ LQIRUPaWLRQ RQ IacWRUV WKRXJKW WR LQIOXHQcH MPA RXWcRPHV bXW ZKRVH

UHOaWLRQVKLSV WR KLVWRULcaO RU HPHUJLQJ KXPaQ SUHVVXUHV aUH QRW ZHOO XQdHUVWRRd WR

LQIRUP PaQaJHPHQW aQd SURPSW WaUJHWHd UHVHaUcK WR HOXcLdaWH WKHVH UHOaWLRQVKLSV

ZKHUH QHHdHd (SKHSKHUd HW aO. 2015), aQd (2) VHUYH aV cRYaULaWHV LQ daWa aQaO\VHV WR

KHOS dLVHQWaQJOH WKH caXVaO dULYHUV RI MPA RXWcRPHV WR HQVXUH WKaW RbVHUYHd HIIHcWV

caQ bH aWWULbXWHd WR SURWHcWLRQV UaWKHU WKaQ bURadHU HQYLURQPHQWaO cKaQJH.

PRWHQWLaO LQdLcaWRUV UHOHYaQW WR HacK RI WKHVH LQWHUUHOaWHd PRQLWRULQJ caWHJRULHV aUH QXPHURXV

aQd dLYHUVH, bXW caQ JHQHUaOO\ bH UHOaWHd WR IRXU bURad dRPaLQV RI socio-ecological s\sWems:
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enYironmenWal, ecological, socio-economic, aQd goYernance (HaOO-AUbHU HW aO. 2021). EacK

RI WKHVH dLPHQVLRQV HQcRPSaVVHV PXOWLSOH caWHJRULHV RI UHOaWHd LQdLcaWRUV aQd VRPH LQdLcaWRUV

aUH aOVR UHOHYaQW acURVV PXOWLSOH dLPHQVLRQV. NRWabO\, SULRU JORbaO UHYLHZV RI LQdLcaWRUV XVHd LQ

MPA aQd MPAN HYaOXaWLRQ KaYH UHYHaOHd VLJQLILcaQW JaSV LQ bRWK LQdLcaWRUV aQd aSSURacKHV

XVHd IRU MPA aQd MPAN HYaOXaWLRQ, VKRZLQJ WKaW:

Ɣ EQYLURQPHQWaO aQd HcRORJLcaO LQdLcaWRUV aUH RYHUUHSUHVHQWHd LQ HYaOXaWLRQV UHOaWLYH WR

RWKHU W\SHV RI LQdLcaWRUV (MHHKaQ HW aO. 2020), ZLWK PRVW HYaOXaWLRQV LQ WHPSHUaWH

UHJLRQV UHO\LQJ VROHO\ RQ HcRORJLcaO LQdLcaWRUV (67%), ZLWK a VPaOOHU VXbVHW UHO\LQJ VROHO\

RQ VRcLaO LQdLcaWRUV (12%) (O¶LHaU\ HW aO 2021),

Ɣ FHZ HYaOXaWLRQV RI LQdLcaWRUV KaYH bHHQ caUULHd RXW H[SOLcLWO\ aW QHWZRUN VcaOHV, ZLWK a

dLVSURSRUWLRQaWH QXPbHU RI HYaOXaWLRQV IRcXVHd RQ VLQJOH MPAV (60%) aV RSSRVHd WR

PXOWLSOH LQdLYLdXaO MPAV (33%), RU MPANV (7%) (O¶LHaU\ HW aO 2021).

Ɣ FHZ HYaOXaWLRQV PRYH bH\RQd VLPSOH UHSRUWLQJ RI RbVHUYHd HIIHcWV IRU IRcaO LQdLcaWRUV,

ZLWK a dLVSURSRUWLRQaWH QXPbHU RI HYaOXaWLRQV LQ WHPSHUaWH UHJLRQV baVHd RQ SULQcLSaO

HYaOXaWLRQ RI HIIHcWV (70%), ZKHUHaV IaU IHZHU VRXJKW WR HVWabOLVK WKH caXVHV RI WKHVH

HIIHcWV (30%), aQd YLUWXaOO\ QRQH (0.3%) HYaOXaWHd WKH bURadHU HcRORJLcaO, VRcLaO, aQd/RU

HcRQRPLc bHQHILWV RI WKHVH HIIHcWV (O¶LHaU\ HW aO 2021).

TKH QaWXUH RI MPANV aOVR LPSOLHV WKH QHHd IRU cRQVLdHUaWLRQ RI PRQLWRULQJ LQdLcaWRUV caSWXULQJ

LQVLJKWV acURVV PXOWLSOH VSaWLaO aQd WHPSRUaO VcaOHV. SRPH LQdLcaWRUV UHSUHVHQW siWe-scale
indicaWors PHaQW WR WUacN VWaWXV, WUHQdV, aQd HIIHcWLYHQHVV aW LQdLYLdXaO VLWHV, ZKLcK aUH

QHcHVVaU\ WR LQIRUP VLWH-VSHcLILc PRQLWRULQJ aQd PaQaJHPHQW SOaQV aQd adMXVWPHQWV IRU

LQdLYLdXaO MPAV. OWKHU LQdLcaWRUV aUH LQKHUHQWO\ neWZork-scale indicaWors WKaW PHaVXUH

cKaUacWHULVWLcV RI WKH QHWZRUN aV a ZKROH, aQd aUH W\SLcaOO\ dHULYHd IURP aQaO\VHV WKaW SRRO aQd

V\QWKHVL]H VLWH-VcaOH PHWULcV WR XQdHUVWaQd WKHLU HPHUJHQW SURSHUWLHV aW WKH QHWZRUN VcaOH. IQ

HacK caVH, WKH HQd JRaO LV IRU LQdLcaWRUV WR SURYLdH LQVLJKWV aOORZLQJ PaQaJHUV WR aVVHVV

ZKHWKHU WKH SHUIRUPaQcH RI WKH ZKROH MPAN LV JUHaWHU WKaQ WKH VXP RI LWV LQdLYLdXaO MPA SaUWV

(GURUXd-CROYHUW HW aO 2014, BaObaU HW aO. 2020). SXcK QHWZRUN-VcaOH LQdLcaWRUV LQcOXdH PaQ\

cRUH dHVLJQ IHaWXUHV RI MPANV VXcK aV UHSUHVHQWaWLRQ, UHSOLcaWLRQ, aQd cRQQHcWLYLW\. TKHVH

dHVLJQ IHaWXUHV aUH JHQHUaOO\ ILUVW aVVHVVHd aV SaUW RI WKH SOaQQLQJ SURcHVV IRU MPAN

dHVLJQaWLRQ, KRZHYHU, WKHUH LV aOVR a QHHd WR cRQWLQXH HYaOXaWLQJ WKH H[WHQW WR ZKLcK WKHVH

dHVLJQ IHaWXUHV aUH bHLQJ acKLHYHd RYHU WLPH aV HQYLURQPHQWaO, HcRORJLcaO, VRcLaO, aQd

UHJXOaWRU\ cRQWH[WV VKLIW aQd WKH LQdLYLdXaO aQd V\QHUJLVWLc HIIHcWV RI PaQaJHPHQW LQWHUYHQWLRQV
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VXcK aV SURWHcWLRQ aQd UHVWRUaWLRQ bHJLQ WR PaQLIHVW (PHWHUV HW aO. 2017, BaObaU HW aO. 2020, HRSI

HW aO. 2022b).

WKHQ WKRXJKWIXOO\ dHVLJQHd ZLWKLQ aQ adapWiYe managemenW IUaPHZRUN, WKH RXWSXWV RI

HIIHcWLYHQHVV PRQLWRULQJ IRU MPAV caQ KHOS WR accHOHUaWH OHaUQLQJ abRXW bHVW PaQaJHPHQW

SUacWLcHV aQd dLUHcWO\ LQIRUP dHcLVLRQV WR LPSOHPHQW PRUH HIIHcWLYH PaQaJHPHQW aOWHUQaWLYHV

(RH\QROdV HW aO. 2016, Ha\HV HW aO. 2019, NLcNROV HW aO. 2019,TRQ\ HW aO. 2020).

2.4 MPAN MoniWoring IndicaWors

TKLV VHcWLRQ V\QWKHVL]HV LQVLJKWV IURP UHcHQW H[SHULHQcHV ZLWK LQdLcaWRU VHOHcWLRQ aQd YaOLdaWLRQ

IRU MPA aQd MPAN cRQWH[WV. WH SUHVHQW NH\ LQdLcaWRUV ZLWKLQ IRXU bURad dRPaLQV:

HQYLURQPHQWaO, HcRORJLcaO, VRcLaO, aQd JRYHUQaQcH. WKLOH WKLV V\QWKHVLV VKRXOd QRW bH

cRQVLdHUHd cRPSUHKHQVLYH, LW UHIOHcWV cXUUHQW XQdHUVWaQdLQJ RI bHVW SUacWLcHV.

2.4.1 EQYLURQPHQWaO

EQYLURQPHQWaO LQdLcaWRUV HQcRPSaVV SK\VLcaO RcHaQ cKaUacWHULVWLcV, LQcOXdLQJ ocean
circXlaWion, sXbsWraWe, coasWal feaWXres, baWh\meWr\, acoXsWics, WemperaWXre, elemenWs of
ZaWer qXaliW\ (H.J., VaOLQLW\, SH, dLVVROYHd R[\JHQ, QXWULHQWV, HWc.), land-sea connecWions
inflXencing ph\sical Yariables, and oWhers (EUKPaQ HW aO. 2022). EQYLURQPHQWaO LQdLcaWRUV aUH

W\SLcaOO\ QRW dLUHcWO\ LQIOXHQcHd b\ MPAV WKHPVHOYHV, bXW SURYLdH cRQWH[W aQd SOa\ a UROH aV

LQIOXHQcLQJ IacWRUV RQ RXWcRPHV WKURXJK WKHLU LQIOXHQcH RQ KabLWaW VXLWabLOLW\ (H.J., WKURXJK

SK\VLRORJLcaO cRQVWUaLQWV RQ HcRORJLcaO QLcKHV) aQd cRQQHcWLYLW\ (H.J., WKRXJK ZaWHUVKHd LQSXWV

aIIHcWLQJ ZaWHU TXaOLW\ RU cXUUHQW-dULYHQ dLVSHUVaO RI QXWULHQWV aQd RUJaQLVPV), ZKLcK LQ WXUQ

aIIHcW UHSUHVHQWaWLRQ aQd bLRdLYHUVLW\ acURVV MPANV (EUKPaQ HW aO. 2022). SRPH HQYLURQPHQWaO

LQdLcaWRUV VXcK aV VXbVWUaWH W\SH aQd cRPSRVLWLRQ aOVR dLUHcWO\ caSWXUH LQIRUPaWLRQ RQ

non-biogenic habiWaWs LQKabLWHd b\ SaUWLcXOaU VSHcLHV, ZKHUHaV bLRJHQLc KabLWaW W\SHV aUH

caSWXUHd b\ HcRORJLcaO LQdLcaWRUV (VHH QH[W VHcWLRQ).

EQYLURQPHQWaO YaULabOHV aUH JHQHUaOO\ QRW LQcOXdHd LQ OLVWV RI PRVW cRPPRQO\ XVHd RU µOHadLQJ

LQdLcaWRUV¶ RI MPAN SHUIRUPaQcH. HRZHYHU, LW LV cULWLcaO WKaW WKHVH LQdLcaWRUV UHSUHVHQWaWLYH RI

LQIOXHQcLQJ IacWRUV aUH VWLOO caUHIXOO\ PRQLWRUHd aORQJVLdH RWKHU W\SHV RI LQdLcaWRUV aQd cRQWUROOHd

IRU LQ PRQLWRULQJ dHVLJQ aQd daWa aQaO\VHV WR KHOS dLVHQWaQJOH caXVaO UHOaWLRQVKLSV dULYLQJ MPA

SHUIRUPaQcH aQd HQVXUH WKaW RXWcRPHV caQ bH aSSURSULaWHO\ aWWULbXWHd WR MPA LPSOHPHQWaWLRQ
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UaWKHU WKaQ bacNJURXQd HQYLURQPHQWaO YaULabLOLW\ aQd cKaQJH (Ha\HV HW aO. 2019, EUKPaQ HW aO.

2022). TR WKLV HQd, HQYLURQPHQWaO LQdLcaWRUV aUH RIWHQ cULWLcaO LQSXWV IRU PRdHOOLQJ aQd aQaO\VLV

RI LQdLcaWRUV LQ RWKHU dLPHQVLRQV, LQcOXdLQJ SULPaU\ SURdXcWLRQ, dLVSHUVaO, KabLWaW VXLWabLOLW\,

SRSXOaWLRQ d\QaPLcV, aQd HcRV\VWHP SURcHVVHV, aPRQJ RWKHUV (EUKPaQ HW aO. 2022).

SXmmar\ of MeWhods and Tools

TKHVH LQdLcaWRUV aUH PHaVXUHd WKURXJK a cRPbLQaWLRQ RI LQ-VLWX VHQVRUV aQd LQVWUXPHQWV,

SK\VLcaO VaPSOLQJ, aQd PaSSLQJ XVLQJ acRXVWLc RU UHPRWH VHQVLQJ (EKUPaQ HW aO. 2022).
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Table 28: SXPPaU\ RI NH\ HQYLURQPHQWaO LQdLcaWRUV IRU MPAV aQd MPANV aORQJ ZLWK UHSUHVHQWaWLYH H[aPSOHV RI aVVRcLaWHd SaUaPHWHUV, ZKLcK
VKRXOd QRW bH cRQVLdHUHd cRPSUHKHQVLYH, aQd OLQNV WR ALcKL TaUJHW 11 HOHPHQWV.

IndicaWor
Class

RepresenWaWiYe
ParameWers ValXe of InformaWion Ke\ MeWhods and ConsideraWions

CRUe
OceaQRgUaShi
c PaUaPeWeUV

ƔCXUUHQW YHORFLWLHV
Ɣ7HPSHUDWXUH
ƔSDOLQLW\
ƔDLVVROYHG R[\JHQ (DO)
ƔDLVVROYHG LQRUJDQLF FDUERQ (DIC)
ƔNXWULHQWV (N/P)
Ɣ7XUELGLW\
ƔPKRWRV\QWKHWLFDOO\ DFWLYH
UDGLDWLRQ (PAR) / PULPDU\
PURGXFWLYLW\

IQIRUPDWLRQ RQ ERWK FRUH RFHDQRJUDSKLF
SDUDPHWHUV DQG EHQWKLF VWUXFWXUH FDSWXUH
HVVHQWLDO LQIRUPDWLRQ RQ ZKHUH SUHIHUUHG
HQYLURQPHQWDO FRQGLWLRQV IRU NH\ VSHFLHV
DQG NH\ KDELWDW IHDWXUHV RI LQWHUHVW PD\
RFFXU, SURYLGH LQVLJKWV LQWR HFRORJLFDO
SURFHVVHV DQG IRRG ZHEV, DQG SURYLGH
LQIRUPDWLRQ RQ HQYLURQPHQWDO YDULDELOLW\ DV
D SRWHQWLDO FRQIRXQGLQJ IDFWRU LQIOXHQFLQJ
MPA RXWFRPHV.
7KHVH SDUDPHWHUV DUH FULWLFDO LQSXWV IRU
PRVW PRGHOOLQJ RI SK\VLFDO SURFHVVHV,
SULPDU\ SURGXFWLRQ, GLVSHUVDO, KDELWDW
VXLWDELOLW\, SRSXODWLRQ G\QDPLFV, DQG
HFRV\VWHP SURFHVVHV, DPRQJ RWKHUV.

CRUH RFHDQRJUDSKLF SDUDPHWHUV DUH W\SLFDOO\ PHDVXUHG WRJHWKHU
XVLQJ D VLQJOH LQVWUXPHQW RU LQVWUXPHQW DUUD\, DQG DUH PHDVXUHG
DFURVV GHSWK SURILOHV WR FDSWXUH YDULDWLRQ WKURXJKRXW WKH ZDWHU
FROXPQ. SSDWLDO DQG WHPSRUDO UHVROXWLRQ RI PRQLWRULQJ LV KLJKO\
FRQWH[WXDO DQG PRQLWRULQJ PD\ WDNH SODFH DW GLVFUHWH VDPSOLQJ
SHULRGV RU FRQWLQXRXVO\ WKURXJK WKH XVH RI UHDO-WLPH PRQLWRULQJ
LQVWUXPHQWV (H.J., GDWD ORJJHUV, RFHDQRJUDSKLF EXR\V)

BeQWhic
SWUXcWXUe

ƔBDWK\PHWU\
ƔSXEVWUDWH W\SH DQG FRPSRVLWLRQ
ƔOUJDQLF PDWWHU SURILOH

BDWK\PHWU\ DQG VXEVWUDWH W\SH DUH W\SLFDOO\ PHDVXUHG XVLQJ
VRXQGLQJ OLQHV RU PXOWL-EHDP VRQDU LQ D RQH-WLPH EDVHOLQH VXUYH\
IROORZHG E\ UHSHDW VXUYH\V RQ UHOHYDQW WLPHVFDOHV IRU WKH ORFDO
FRQWH[W. 7KH\ GR QRW W\SLFDOO\ XQGHUJR UDSLG FKDQJH, EXW PD\ EH
PRUH YDULDEOH LQ DUHDV VXEMHFW WR LQIOXHQFH IURP WHUUHVWULDO LQSXWV,
FRDVWDO FKDQJH, DQG QHDUE\ KXPDQ DFWLYLWLHV (H.J., GUHGJLQJ,
DQFKRULQJ). OUJDQLF PDWWHU SURILOHV DUH PRQLWRUHG YLD VHGLPHQW
VDPSOHV RU FRUHV.

TeUUeVWUial
IQSXWV

ƔPUHFLSLWDWLRQ DQG GLVFKDUJH
ƔFUHVKZDWHU LQSXWV (VWDEOH LVRWRSH
OHYHOV DQG UDWLRV)

ƔSHGLPHQW LQSXWV (WXUELGLW\)

7HUUHVWULDO LQSXWV LQIOXHQFH PDQ\ FRUH
RFHDQRJUDSKLF DQG EHQWKLF IHDWXUHV LQ
ZD\V WKDW DIIHFW KDELWDW VXLWDELOLW\ DQG
SURGXFWLYLW\.

SDPSOLQJ VKRXOG RFFXU DORQJVLGH FRUH RFHDQRJUDSKLF PRQLWRULQJ
LQ DUHDV QHDU DQG RIIVKRUH WR ULYHU PRXWKV WR FDSWXUH WKH UDQJH RI
LQIOXHQFH RI WHUUHVWULDO LQSXWV.

CRaVWal
ChaQge

ƔCRDVWDO SRVLWLRQ
ƔDULYHUV RI FRDVWDO FKDQJH
(ZLQG, ZDYHV, VHD OHYHO)

CDSWXUHV WKH LQIOXHQFH RI QDWXUDO (H.J.,
VWRUPV) DQG KXPDQ (H.J., YHVVHO ZDNHV)
LQIOXHQFH RQ FRDVWOLQHV ZLWK LPSOLFDWLRQV IRU
PDULQH VSHFLHV LQ FRDVWDO MPAV.

MRQLWRULQJ RI FRDVWDO FKDQJH VKRXOG EH UHSHDWHG HYHU\ 2-5 \HDUV
DQG FRXSOHG ZLWK PRQLWRULQJ RI WKH PDULQH LPSOLFDWLRQV RI WKDW
FKDQJH LQ WHUPV RI EHQWKLF VWUXFWXUH.

SRXUcHV: MHHKaQ HW aO. 2020, EKUPaQ HW aO. 2022
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2.4.2 EcRORJLcaO

EcRORJLcaO LQdLcaWRUV UHOHYaQW IRU MPA aQd MPAN HQcRPSaVV IHaWXUHV aW PXOWLSOH VcaOHV RI

RUJaQL]aWLRQ, LQcOXdLQJ VSHcLHV aQd WKHLU SRSXOaWLRQV, cRPPXQLWLHV aQd WKHLU cRPSRVLWLRQ aQd

LQWHUacWLRQV, aQd WKH HPHUJHQW IHaWXUHV RI VSHcLHV aQd cRPPXQLWLHV aW QHWZRUN aQd UHJLRQaO

HcRV\VWHP VcaOHV (EUKPaQ HW aO. 2022). HRZHYHU, QRW aOO LQdLcaWRUV aUH ZHOO-VXLWHd IRU dHWHcWLQJ

MPA HIIHcWV. TKLV VHcWLRQ SURYLdHV aQ RYHUYLHZ RI bRWK WKH PRVW cRPPRQO\ XVHd RU OHadLQJ

LQdLcaWRUV, aV ZHOO aV WKH PRVW UHOLabOH LQdLcaWRUV IRU aVVHVVLQJ MPA HIIHcWV aW HacK RI WKHVH

VcaOHV RI RUJaQL]aWLRQ IURP SULRU UHYLHZV RI LQdLcaWRUV UHOHYaQW WR MPA HYaOXaWLRQ (WKHVH aUH

dLVWLQJXLVKHd aQd VXPPaUL]Hd LQ TabOH 29). TKLV VHcWLRQ aOVR SURYLdHV a YHU\ bULHI RYHUYLHZ RI

WRROV aQd PHWKRdV W\SLcaOO\ XVHd WR PHaVXUH WKHVH LQdLcaWRUV. NRWabO\, WKH SHUIRUPaQcH RI PaQ\

HcRORJLcaO LQdLcaWRUV IRU dHWHcWLQJ MPA HIIHcWV aUH OLNHO\ WR bH LQIOXHQcHd b\ VLWH aQd QHWZRUN

cRQWH[WV VXcK aV dHJUHH RI RQJRLQJ ILVKLQJ SUHVVXUH RXWVLdH WKH MPA, OHYHO RI SURWHcWLRQ ZLWKLQ

WKH MPA, aQd MPA VL]H, aV ZHOO aV LQWHUacWLRQV bHWZHHQ VL]H aQd aJH, aQd UHJLRQaO

HQYLURQPHQWaO YaULabLOLW\ acURVV WKH QHWZRUN (SR\NaQ aQd LHZLVRQ 2015, ZLHJOHU HW aO. 2022).

TKHVH cRQWH[WXaO LQIOXHQcLQJ IacWRUV VKRXOd bH caUHIXOO\ accRXQWHd IRU LQ WKH dHVLJQ RI

PRQLWRULQJ aQd aQaO\WLcaO IUaPHZRUNV.

Species-Scale IndicaWors

VLUWXaOO\ aOO UHYLHZV RI VSHcLHV-VcaOH LQdLcaWRUV UHOHYaQW WR MPA HYaOXaWLRQ LQcOXdH LQdLYLdXaO

VSHcLHV spaWial disWribXWion, abXndance, and popXlaWion sWrXcWXre aV WKH PRVW HVVHQWLaO

LQdLcaWRUV RI HIIHcWV RQ VSHcLHV (PHOOHWLHU HW aO. 2005, LRK HW aO. 2019, MHHKaQ HW aO. 2020,

O¶LHaU\ HW aO. 2021), aQd WKHVH aUH aOVR LPSRUWaQW cRQVWLWXHQWV IRU dHULYLQJ cRPPXQLW\-OHYHO

LQdLcaWRUV (SR\caQ aQd LHZLVRQ 2015). MRVW UHYLHZV RI LQdLcaWRUV aOVR LQcOXdHd VRPH IRUP RI

species dispersal, ZKLcK LV aOVR LPSRUWaQW IRU LQIRUPLQJ cRQQHcWLYLW\ LQdLcaWRUV (MHHKaQ HW aO.

2020, BaObaU HW aO. 2020) aV ZHOO aV cRPPXQLW\ VSLOORYHU bHQHILWV IRU WKH ILVKLQJ VHcWRU (BaUcHOR

HW aO. 2021, QX HW aO. 2021). A PHWa-aQaO\VLV HYaOXaWLQJ WKH abLOLW\ RI cRPPRQ cRPPXQLW\-OHYHO

LQdLcaWRUV aQd PHWULcV IRU dHWHcWLQJ dLIIHUHQcHV LQ cRPPXQLW\ VWUXcWXUH LQVLdH aQd RXWVLdH RI

MPAV LQdLcaWHV WKaW VSHcLHV-VSHcLILc popXlaWion si]e disWribXWion aQd popXlaWion densiW\ b\
sWage (L.H., dHQVLW\ b\ aJH, VL]H, RU PaWXULW\ cOaVV) IRU a JLYHQ VSHcLHV SHUIRUP PXcK bHWWHU aV

aQ LQdLcaWRU RI MPA HIIHcWLYHQHVV IRU VSHcLHV UHcRYHU\ WKaQ WKH PRUH cRPPRQO\ XVHd LQdLcaWRUV

RI VSHcLHV-VSHcLILc WRWaO bLRPaVV, dHQVLW\, RU PHaQ VL]H (PHOOHWLHU HW aO. 2005, WKLWH HW aO. 2021).

TKLV aOLJQV ZLWK cXUUHQW XQdHUVWaQdLQJ RI WKH HIIHcWV RI KXPaQ acWLYLWLHV RQ WKH bRd\ VL]H

VWUXcWXUH RI ILVKHd PaULQH VSHcLHV (BRVcK HW aO. 2022) aQd WKH LPSRUWaQcH RI UHcRYHULQJ aJH

105



VWUXcWXUHV IRU RYHUaOO SRSXOaWLRQ UHcRYHU\ (H.J., PHdLaWHd b\ LQcUHaVHd IHcXQdLW\ RI OaUJHU

IHPaOHV; HL[RQ HW aO. 2014, OKObHUJHU HW aO. 2022). HRZHYHU, mean bod\ lengWh caQ aOVR bH

LQdLcaWLYH RI MPA HIIHcWLYHQHVV IRU VSHcLHV VWURQJO\ WaUJHWHd b\ ILVKLQJ SULRU WR MPA

HVWabOLVKPHQW (JacR aQd SWHHOH 2020).

DHSHQdLQJ RQ PaQaJHPHQW RbMHcWLYHV, LQdLcaWRUV Pa\ aOVR bH UHOaWHd WR species behaYior,
phenolog\, or healWh (L.H., dLVHaVH RU SK\VLcaO daPaJH), bXW JHQHUaOO\ VHcRQdaU\ WR WKH

HVVHQWLaO LQdLcaWRUV QRWHd abRYH. FRU H[aPSOH, ZKHUH MPA PaQaJHPHQW RbMHcWLYHV aUH IRcXVHd

RQ UHdXcLQJ WKH LPSacWV RI YHVVHO WUaIILc RQ ZKaOHV, cKaQJHV LQ ORcaOL]Hd bHKaYLRXU (LXVVHaX HW

aO. 2009) Pa\ UHSUHVHQW aQ LQdLcaWRU RI ORcaOL]Hd bHQHILWV RI MPAV, ZKLOH RWKHU PHWULcV VXcK aV

WKH OHYHO RI cRQWaPLQaQWV LQ WLVVXH VaPSOHV IURP LQdLYLdXaOV RU WKH IUacWLRQ RI LQdLYLdXaOV

VKRZLQJ IUHVK VcaUV IURP cRQWacW ZLWK YHVVHOV RU ILVKLQJ JHaU Pa\ bH XVHIXO LQdLcaWRUV RI

bURadHU, UHJLRQaO-VcaOH cKaQJHV LQ PaQaJHPHQW UHJLPHV aVVRcLaWHd ZLWK WKH LPSOHPHQWaWLRQ RI

MPA QHWZRUNV WKaW ZRXOd bH dLIILcXOW WR aVcULbH WR a VLQJOH MPA (DFO 2022).

APRQJ VSHcLHV-OHYHO LQdLcaWRUV, WKRVH WKaW aUH PRUH cKaOOHQJLQJ RU UHVRXUcH-LQWHQVLYH WR

PHaVXUH, VXcK aV abXQdaQcH aQd SRSXOaWLRQ VWUXcWXUH, aUH W\SLcaOO\ cRQVWUaLQHd WR a VPaOO

VXbVHW RI IRcaO VSHcLHV (MHHKaQ HW aO. 2020). SXcK IRcaO VSHcLHV aUH W\SLcaOO\ cKRVHQ WKURXJK a

cROOabRUaWLYH PXOWL-VWaNHKROdHU SURcHVV baVHd RQ WKHLU HcRORJLcaO, VRcLR-cXOWXUaO, RU HcRQRPLc

LPSRUWaQcH, ZKHWKHU SRVLWLYH (H.J., KabLWaW IRUPLQJ, WKUHaWHQHd, ILVKabOH) RU QHJaWLYH (H.J.,

LQYaVLYH VSHcLHV) (BXUW HW aO. 2014, PHQdUHd HW aO. 2016, HXPPHO HW aO. 2022, CaUdRVR-AQdUadH

HW aO. 2022). NRWabO\, IRcaO VSHcLHV abXQdaQcH aQd SRSXOaWLRQ VWUXcWXUH aUH aPRQJ WKH OHadLQJ

LQdLcaWRUV XVHd IRU aVVHVVLQJ PaQaJHPHQW HIIHcWLYHQHVV LWVHOI acURVV MPANV (MHHKaQ HW aO.

2020).

IPSRUWaQWO\, VSHcLHV LQdLcaWRUV aOVR HQcRPSaVV biogenic habiWaWs IRUPHd b\ IRXQdaWLRQ

VSHcLHV±VXcK aV NHOS, VHaJUaVVHV, R\VWHU aQd RWKHU bLYaOYH UHHIV LQ VKaOORZHU cRaVWaO ZaWHUV,

aV ZHOO aV cROd-ZaWHU cRUaO, VHa SHQV, aQd JOaVV VSRQJH UHHIV LQ dHHSHU ZaWHUV (RXbLdJH HW aO.

2016, 2020) - ZKLcK VXSSRUW a ZLdH UaQJH RI HcRORJLcaO SURcHVVHV aQd UHOaWLRQVKLSV (AQJHOLQL HW

aO 2011). FRXQdaWLRQ VSHcLHV RIWHQ aUH LdHQWLILHd aV IRcaO VSHcLHV aQd cRQVHUYaWLRQ SULRULWLHV

ZaUUaQWLQJ PRUH LQWHQVLYH PRQLWRULQJ WR XQdHUVWaQd cKaQJHV LQ WKHLU VWaWXV aQd dLVWULbXWLRQ aQd

WKH LPSOLcaWLRQV RI WKHVH cKaQJHV IRU RWKHU VSHcLHV (CaUU HW aO. 2011). IQ WKLV VHQVH, bLRJHQLc

KabLWaWV caQ aOVR bH cRQVLdHUHd SUHdLcWRUV IRU XQdHUVWaQdLQJ cKaQJHV WR RWKHU VSHcLHV. TKH

VWaWXV aQd dLVWULbXWLRQ RI bLRJHQLc IHaWXUHV LV H[SHcWHd WR UHVSRQd WR HQYLURQPHQWaO cKaQJH,
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OHYHO RI SURWHcWLRQ ZLWKLQ MPAV, aQd aOVR WR dLUHcW KabLWaW UHVWRUaWLRQ HIIRUWV. AcWLYH UHVWRUaWLRQ RI

bLRJHQLc KabLWaWV VXcK aV R\VWHUV, NHOSV, aQd PaULQH SOaQWV KaV bHHQ VKRZQ WR aPSOLI\ WKH

bHQHILWV RI SURWHcWLRQ ZLWKLQ MPAV bRWK IRU KabLWaW-IRUPLQJ VSHcLHV WKHPVHOYHV aQd IRU RWKHU

VSHcLHV WKaW dHSHQd RQ WKHP (PHWHUV HW aO. 2017, HRSI HW aO. 2022b). Non-biogenic habiWaWs
VXcK aV URcN\ UHHI RU VRIW VHdLPHQWV, RQ WKH RWKHU KaQd, aUH W\SLcaOO\ caSWXUHd b\ HQYLURQPHQWaO

LQdLcaWRUV (VHH SUHYLRXV VHcWLRQ). IQ addLWLRQ, WKHUH aUH V\QHUJLHV bHWZHHQ WKHVH WZR W\SHV RI

KabLWaWV, ZKHUH VWUXcWXUaO cRPSOH[LW\ WHQdV WR bH KLJKHVW ZKHQ bLRJHQLc VWUXcWXUHV JURZ RQ

PRUH cRPSOH[ QRQ-bLRJHQLc KabLWaWV, ZKLcK caQ bH aVVRcLaWHd ZLWK SaUWLcXOaUO\ KLJK dHQVLWLHV RI

VRPH JURXQdILVKHV (SWRQH HW aO. 2015, RRRSHU HW aO. 2019).

HabLWaW-IRUPLQJ RU IRXQdaWLRQ VSHcLHV caQ SRVH a VSHcLaO cKaOOHQJH WR PRQLWRULQJ bHcaXVH WKH\

aUH RIWHQ ZLdHO\ dLVWULbXWHd, ZKLcK UHTXLUH WUadHRIIV bHWZHHQ bURad-VcaOH IRU dLVWULbXWLRQ (H.J.,

RYHUaOO H[WHQW, IUaJPHQWaWLRQ, SaWcK VKaSH aQd cRQQHcWLYLW\) aQd ILQH-VcaOH PRQLWRULQJ IRU

KabLWaW cKaUacWHULVWLcV aQd HcRORJLcaO IXQcWLRQ (H.J., VHaJUaVV VWHP RU NHOS VWLSH dHQVLW\, JOaVV

VSRQJH UHHI ILOWUaWLRQ caSacLW\) (LRK HW aO. 2019). HRZHYHU, UHcHQW WHcKQRORJLcaO dHYHORSPHQWV LQ

PRQLWRULQJ PHWKRdV KaYH PadH PRQLWRULQJ bRWK KabLWaW-IRUPLQJ VSHcLHV aQd PaULQH VSHcLHV

RYHUaOO PXcK PRUH WUacWabOH WKaQ LQ WKH SaVW.

CommXniW\-Scale IndicaWors

CRPPXQLWLHV aUH W\SLcaOO\ dHILQHd aV JURXSV RI LQWHUacWLQJ VSHcLHV, WKRXJK WKH QaWXUH aQd

H[WHQW RI WKHVH LQWHUacWLRQV Pa\ YaU\ (MaJXUUaQ HW aO. 2011). SSHcLHV-OHYHO LQdLcaWRUV aUH aOPRVW

aOZa\V SaLUHd ZLWK LQdLcaWRUV RI cRPPXQLW\ cKaUacWHULVWLcV, ZKLcK W\SLcaOO\ LQcOXdH PHaVXUHV RI

commXniW\-scale biomass or abXndance, dominance, eYenness, rariW\, richness, and
diYersiW\ (MaJXUUaQ HW aO. 2011, SR\caQ aQd LHZLVRQ 2015, O¶LHaU\ HW aO 2021). APRQJ WKHVH,

cRPPXQLW\-VcaOH VSHcLHV ULcKQHVV aQd dLYHUVLW\ aUH WKH OHadLQJ LQdLcaWRUV LQ XVH acURVV MPANV

aQd WKHVH aUH W\SLcaOO\ aSSOLHd WR aVVHVVLQJ UHSUHVHQWaWLRQ aQd UHSOLcaWLRQ RI NH\ aUHaV RI

HcRORJLcaO LPSRUWaQcH UaWKHU WKaQ aV PHaVXUHV RI MPA HIIHcWLYHQHVV ZKLcK WHQd WR IRcXV RQ

VSHcLHV-VcaOH LQdLcaWRUV (MHHKaQ HW aO. 2020).

HRZHYHU, cRPSaUaWLYH HYaOXaWLRQV KaYH VKRZQ WKaW WKHVH LQdLcaWRUV aUH QRW aV ZHOO VXLWHd IRU

dHWHcWLQJ PaQaJHPHQW HIIHcWLYHQHVV IRU cRPPXQLW\-OHYHO RbMHcWLYHV aQd SURYLdH KHOSIXO LQVLJKWV

LQWR PRUH LQIRUPaWLYH LQdLcaWRUV IRU MPA HIIHcWLYHQHVV (PHOOHWLHU HW aO. 2005, SR\caQ aQd

LHZLVRQ 2015). FRU H[aPSOH, aOWKRXJK VSHcLHV dLYHUVLW\ aQd ULcKQHVV dR WHQd WR bH KLJKHU

LQVLdH WKaQ RXWVLdH SURWHcWHd aUHaV on average (BaVNHWW aQd BaUQHWW 2015, HROOLW]HU HW aO. 2023),
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VSHcLHV ULcKQHVV aQd dLYHUVLW\ LQdLcHV RIWHQ dLd QRW dLIIHU consistently bHWZHHQ MPAV aQd

cRQWURO VLWHV, ZKHUHaV WoWal biomass aQd WoWal abXndance ZHUH cRQVLVWHQWO\ dLIIHUHQW bHWZHHQ

MPA aQd cRQWURO VLWHV aQd cLWHd aV PRUH UHOHYaQW WR PaQaJHPHQW. OI WKH WZR, UHVSRQVHV

dHULYHd IURP cRPPXQLW\-OHYHO bLRPaVV daWa ZHUH IRXQd WR bH WKH PRVW UHOLabOH SUHdLcWRU RI MPA

HIIHcWV (PHOOHWLHU HW aO. 2005, SR\caQ aQd LHZLVRQ 2015). TKH ILQdLQJV WKaW VSHcLHV ULcKQHVV aQd

dLYHUVLW\ WHQd WR QRW dLIIHU cRQVLVWHQWO\ dLIIHUHQW bHWZHHQ MPAV aQd cRQWURO VLWHV ZKLOH bLRPaVV

aQd abXQdaQcH dR LV RIWHQ aWWULbXWHd WR conWe[W-specific Wrophic cascades UHVXOWLQJ IURP

SURWHcWLRQ aQd PRdXOaWHd b\ SULRU ILVKLQJ HIIHcWV aW WKH VLWH bHLQJ HYaOXaWHd (MLcKHOL HW aO. 2004,

BaVNHWW aQd BaUQHWW 2015). FRU H[aPSOH, LQ VRPH cRQWH[WV, aV WKH QXPbHU aQd VL]H RI

SUHYLRXVO\ ILVKHd SUHdaWRU\ VSHcLHV UHbRXQdV aQd WKHLU SUH\ VSHcLHV dHcOLQH (SR\caQ HW aO.

2015), WKHUH caQ VRPHWLPHV bH a QHW ORVV RI VSHcLHV ULcKQHVV (DaORQJHYLOOH HW aO. 2022). IQ RWKHU

caVHV, ZKHUH a UHbRXQd LQ SUHdaWRUV OHadV WR a dHcOLQH RI SUH\ WKaW QHJaWLYHO\ aIIHcWV RYHUaOO

KabLWaW cRPSOH[LW\, WKHUH caQ bH a QHW JaLQ LQ dLYHUVLW\ (H.J., aV LV WKH caVH IRU UH-HVWabOLVKLQJ

VHa RWWHUV UHdXcLQJ SRSXOaWLRQV RI VHa XUcKLQV WKaW HaW NHOS aQd UHVXOW LQ WKH UHcRYHU\ RI NHOS

IRUHVWV bHQHILWLQJ PaQ\ RWKHU VSHcLHV, MLOOHU HW aO. 2018).

HRZHYHU, aOWHUQaWLYH PHWULcV RI dLYHUVLW\ H[LVW WKaW KaYH bHHQ IRXQd WR bH PRUH UHOLabOH

LQdLcaWRUV RI MPA HIIHcWV RQ cRPPXQLW\ dLYHUVLW\ LWVHOI. TKHVH LQcOXdH: eYenness, ZKLcK

dHVcULbHV WKH UHOaWLYH abXQdaQcH RI VSHcLHV aQd LV VRPHWLPHV dHILQHd IRU VSHcLILc cOaVVHV VXcK

aV WKH UaWLR RI SHOaJLc WR bHQWKLc VSHcLHV RU SUHdaWRU\ WR KHUbLYRURXV VSHcLHV (BORZHV HW aO.

2019, DaORQJHYLOOH HW aO. 2022); fXncWional diYersiW\, ZKLcK caSWXUHV WKH UaQJH RI bRd\ VL]H,

KabLWaW XVH, WURSKLc OHYHO, IRUaJLQJ VWUaWHJLHV aQd UHSURdXcWLYH aQd bHKaYLRUaO VWUaWHJLHV acURVV

WKH cRPPXQLW\; aQd ph\logeneWic diYersiW\, ZKLcK caSWXUHV WKH dLYHUVLW\ RU bUHadWK RI

HYROXWLRQaU\ KLVWRULHV acURVV WKH cRPPXQLW\ aQd LV VRPHWLPHV XVHd aV a SUR[\ IRU XQPHaVXUHd

IXQcWLRQaO dLYHUVLW\ (DaORQJHYLOOH HW aO. 2022). IQ VRPH caVHV, cRPPXQLW\-OHYHO LQdLcaWRUV Pa\ bH

dHYHORSHd IRU VSHcLILc PRQLWRULQJ WHcKQRORJLHV. FRU H[aPSOH, ecoacoXsWic indicaWors
(UHYLHZHd LQ MLQHOOR HW aO. 2021), LQcOXdLQJ WKH AcRXVWLc CRPSOH[LW\ IQdH[ (ACI), KaYH bHHQ

XVHd WR cRPSaUH bHQWKLc bLRdLYHUVLW\ LQVLdH aQd RXWVLdH RI MPAV (DaYLHV HW aO. 2020).

BH\RQd cKaQJHV LQ cRPPXQLW\ VWUXcWXUH, cKaQJHV LQ cRPPXQLW\ LQWHUacWLRQV IROORZLQJ

SURWHcWLRQ, ZKLcK RIWHQ XQIROd acURVV IRRd ZHbV, caQ bH ORJLVWLcaOO\ cKaOOHQJLQJ WR PHaVXUH aQd

aUH OHVV IUHTXHQWO\ PRQLWRUHd (CKHQJ HW aO. 2019). SXcK cKaQJHV caQ bH PHaVXUHd LQdLUHcWO\ b\

PRQLWRULQJ cKaQJHV LQ WKH relaWiYe abXndance of predaWor Wo pre\ species aQd cKaQJHV LQ

aVVRcLaWHd SUHdaWLRQ ULVN (CKHQJ HW aO. 2019). TKH\ Pa\ aOVR bH PHaVXUHd PRUH dLUHcWO\ XVLQJ
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PHWKRdV VXcK aV VWabOH LVRWRSH aQaO\VLV WR PRQLWRU SURSRVHd LQdLcaWRUV VXcK aV changes in
consXmer niche ZidWhs (OOVRQ HW aO. 2019), mean Wrophic leYel (BOaQcR HW aO. 2021), RU food
Zeb lengWh and sWabiliW\ (MacN HW aO. 2020) aV aQ HaUO\ VLJQaO RI bURadHU SUH\ aYaLOabLOLW\ aQd

LQcUHaVLQJ IRRd ZHb cRPSOH[LW\ LQ MPAV.

WKHUH UHVRXUcHV aUH OLPLWHd, SUHIHUUHd cRPPXQLW\-VcaOH LQdLcaWRUV Pa\ dHSHQd RQ WKH

PaQaJHPHQW RbMHcWLYHV aQd SURMHcWHd RXWcRPHV RI HacK MPA JLYHQ WKH KLVWRU\ RI SaVW

SUHVVXUHV WKaW ZRXOd bH addUHVVHd WKURXJK SURWHcWLRQ. FRU H[aPSOH, aW VLWHV ZLWK a KLVWRU\ RI

LQWHQVLYH SaVW ILVKLQJ SUHVVXUH aQd dHSUHVVHd SRSXOaWLRQV, WRWaO abXQdaQcH aQd bLRPaVV Pa\

bHWWHU aVVHVV SHUIRUPaQcH aJaLQVW RbMHcWLYHV RI SRSXOaWLRQ UHcRYHU\ IRU SUHYLRXVO\ WaUJHWHd

VSHcLHV. HRZHYHU, aW OHVV dLVWXUbHd VLWHV ZLWK OLWWOH RU QR KLVWRU\ RI ILVKLQJ, dLYHUVLW\ aQd ULcKQHVV

LQdLcaWRUV Pa\ bH PRUH VXLWHd WR aVVHVV SHUIRUPaQcH aJaLQVW RbMHcWLYHV RI PaLQWaLQLQJ

bLRdLYHUVLW\ RI WKH ORcaO cRPPXQLW\ aW WKH VLWH VcaOH aQd UHSUHVHQWaWLRQ aQd UHSOLcaWLRQ RI

cRPPXQLW\ IHaWXUHV aW WKH QHWZRUN VcaOH. WKHUH UHVRXUcHV aOORZ, SaLULQJ PHaVXUHV RI WRWaO

abXQdaQcH aQd WRWaO bLRPaVV ZLWK PHaVXUHV RI HYHQQHVV aQd dLYHUVLW\ aUH PRUH OLNHO\ WR

caSWXUH PXOWLSOH dLPHQVLRQV RI MPA HIIHcWLYHQHVV aW bURadHU cRPPXQLW\ aQd HcRV\VWHP VcaOHV

(SR\caQ aQd LHZLVRQ 2015, BORZHV HW aO. 2019).

Bo[ 2: MoniWoring SpilloYer

A cRPPXQLW\-VcaOH LQdLcaWRU WKaW LV aOVR UHOHYaQW WR VRcLaO LQdLcaWRUV aQd bHQHILWV LV WKH
PHaVXUHPHQW RI ILVK spilloYer effecWs, SaUWLcXOaUO\ aW SUHYLRXVO\ ILVKHd VLWHV (SWaPRXOLV aQd
FULHdOaQdHU 2013). TKH cRQcHSW RI VSLOORYHU HQcRPSaVVHV bRWK (1) larYal spilloYer, ZKLcK LV
PRQLWRUHd XVLQJ PHWKRdV IRU WUacNLQJ HcRORJLcaO cRQQHcWLYLW\ aW bURadHU VHaVcaSH VcaOHV
(1000V RI NLORPHWHUV, VHH VHcWLRQ RQ NHWZRUN-ScaOH IQdLcaWRUV) aV ZHOO aV (2) adXlW spilloYer,
ZKLcK LV PRQLWRUHd XVLQJ VSHcLHV aQd cRPPXQLW\-VcaOH LQdLcaWRUV aW PRUH ORcaO VcaOHV (500 P
WR 5 NP) aQd LV WKH IRcXV RI WKLV bR[.

AdXOW VSLOORYHU UHIHUV WR aQ LQcUHaVH LQ WKH VL]H, dHQVLW\, aQd/RU abXQdaQcH RI adXOWV RXWVLdH
MPA bRXQdaULHV WKaW XVXaOO\ OaJV bHKLQd WKH LQcUHaVH LQ WKHVH PHWULcV PHaVXUHd ZLWKLQ aQ
MPA. AOWKRXJK WKLV OaJ YaULHV baVHd RQ aJH-dHSHQdHQW SaWWHUQV RI JURZWK, QaWXUaO PRUWaOLW\,
aQd OHYHO RI ILVKLQJ PRUWaOLW\ LQVLdH aQd RXWVLdH RI MPAV. A UHcHQW VWXd\ VXJJHVW WKaW RYHUaOO
WLPHOLQHV IRU bLRPaVV UHcRYHU\ WKURXJK a ILOOLQJ-LQ SURcHVV IROORZLQJ HVWabOLVKPHQW RI aQ MPA
caQ UaQJH IURP a15-20 \HaUV IRU OLQJcRd XS WR 40-60 \HaUV IRU cKLQa URcNILVK. TKLV VWXd\ aOVR
VKRZHd WKaW WKHUH LV a OaJ bHWZHHQ WLPHOLQHV RI bLRPaVV LQcUHaVH LQVLdH aQd RXWVLdH RI
MPAV, ZLWK WKH HIIHcWV VSLOORYHU PaQLIHVWLQJ aV ILVKHU\ \LHOd LQcUHaVHV RXWVLdH RI MPAV RQ
aYHUaJH 7 WR 18 \HaUV IROORZLQJ bLRPaVV LQcUHaVHV LQ MPAV IRU cRPPRQO\ ILVKHd JURXQdILVK
VSHcLHV RI WKH NRUWKHaVW PacLILc CRaVW (H.J., BaUcHOy HW aO. 2021). TKLV W\SH RI VSLOORYHU LV
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W\SLcaOO\ HYaOXaWHd LQ WKH LPPHdLaWH aUHa bH\RQd MPA bRXQdaULHV, W\SLcaOO\ RbVHUYHd ZLWKLQ
1-5 NP RI WKH bRXQdaU\ UHIOHcWLQJ WKH dLVSHUVaO dLVWaQcHV RI LQdLYLdXaO RUJaQLVPV (SWaPRXOLV
aQd FULHdOaQdHU 2013, AKPadLa HW aO. 2015).

EVWabOLVKLQJ aQ ecological spillover HIIHcW IRU adXOWV UHTXLUHV PRUH LQWHQVLYH VaPSOLQJ RI bRWK
ILVK RU LQYHUWHbUaWHV (W\SLcaOO\ bLRPaVV) aQd KabLWaWV XVLQJ XQdHUZaWHU YLVXaO VXUYH\V, RU
XQdHUZaWHU YLdHR LQ dHHSZaWHU MPAV, aW PXOWLSOH VcaOHV aQd YaU\LQJ dLVWaQcHV acURVV WKH
MPA bRXQdaU\ WR dLVHQWaQJOH WKH HIIHcWV RI KabLWaW IURP MPA HIIHcWV (DL LRUHQ]R HW aO. 2016,
SacNHWW HW aO. 2017). UQdHUVWaQdLQJ ZKHWKHU WKLV WUaQVOaWHV LQWR a fishery spillover HIIHcW
UHTXLUHV cRXSOLQJ WKLV LQdLcaWRU WR PRQLWRULQJ VRcLaO LQdLcaWRUV RI ILVKLQJ HIIRUW RU caWcK SHU XQLW
HIIRUW (CPUE), ZKLcK WHQdV WR PaWcK bLRPaVV JUadLHQWV acURVV SURWHcWHd aUHa bRXQdaULHV
(SWaPRXOLV aQd FULHdOaQdHU 2013, DL LRUHQ]R HW aO. 2016, 2020). FRU H[aPSOH, VWXdLHV RI ORcaO
caWcK, ILVKLQJ HIIRUW, aQd CPUE LQ WKH CaOLIRUQLa VSLQ\ ORbVWHU ILVKHU\ VKRZHd WKaW LQcUHaVLQJ
dHQVLW\, VL]H, aQd bLRPaVV ZLWKLQ MPAV ZaV aVVRcLaWHd ZLWK LQcUHaVHd WRWaO caWcKHV RXWVLdH
MPAV 6 \HaUV IROORZLQJ MPA HVWabOLVKPHQW, LQdLcaWLQJ WKaW WKH WUadH-RII RI ILVKLQJ JURXQd IRU
QR-ILVKLQJ ]RQHV LQ MPAV bHQHILWWHd WKH ILVKHU\ aW ORcaO VcaOHV (LHQLKaQ HW aO. 2021).

SXccHVVIXOO\ dHPRQVWUaWLQJ WKHVH HIIHcWV UHTXLUHV caUHIXO PRQLWRULQJ dHVLJQ WKaW accRXQWV IRU
ORcaO cRQdLWLRQV, VSHcLHV, aQd H[SHcWHd VSLOORYHU WLPHOLQHV. IW caQ aOVR UHTXLUH cRQVLdHUabOH
HIIRUW IRU WKH LQWHQVLYH VaPSOLQJ UHTXLUHd WR VKRZ HIIHcWV RYHU dLVWaQcH IURP WKH MPA. AV a
UHVXOW, PRQLWRULQJ VSLOORYHU LV W\SLcaOO\ UHVHUYHd IRU VHOHcWHd NH\ ILVKHULHV VSHcLHV WKaW aUH
LPSRUWaQW WR ORcaO ILVKLQJ cRPPXQLWLHV, aQd Pa\ bH RQH LQdLcaWRU b\ ZKLcK bHQHILWV RI MPAV
WR cRPPXQLWLHV aUH PHaVXUHd.

NeWZork-Scale IndicaWors

GLYHQ WKaW RQH RI WKH SULPaU\ RbMHcWLYHV RI MPAV ZLWKLQ a QHWZRUN LV WR RSHUaWH V\QHUJLVWLcaOO\ WR

\LHOd bHQHILWV µJUHaWHU WKaQ WKH VXP RI WKHLU SaUWV¶, QHWZRUN-VcaOH HcRORJLcaO LQdLcaWRUV aUH RQH RI

WKH NH\ HOHPHQWV dLIIHUHQWLaWLQJ PRQLWRULQJ RI QHWZRUNV IURP PRQLWRULQJ RI LQdLYLdXaO VLWHV

(GURUXd-CROYHUW HW aO. 2014).

FXQdaPHQWaO QHWZRUN-VcaOH HcRORJLcaO HIIHcWLYHQHVV LQdLcaWRUV LQcOXdH represenWaWion,

replicaWion, and connecWiYiW\. AOO WKUHH aUH VWURQJO\ OLQNHd WR WKH VL]H, VSacLQJ, aUUaQJHPHQW,

aQd SURWHcWLRQ OHYHOV RI MPAV ZLWKLQ WKH QHWZRUN, ZKLcK aUH W\SLcaOO\ dHILQHd WKURXJK WKHRUHWLcaO

VWXdLHV dXULQJ WKH SOaQQLQJ aQd dHVLJQ VWaJH XVLQJ WKH bHVW aYaLOabOH HcRORJLcaO NQRZOHdJH WR

RSWLPL]H SHUIRUPaQcH aJaLQVW WKHVH WKUHH QHWZRUN-VcaOH HcRORJLcaO LQdLcaWRUV aORQJVLdH RWKHU

VRcLaO aQd/RU HcRQRPLc LQdLcaWRUV (BaObaU HW aO. 2020). AOWKRXJK WKH MPAN dHVLJQ SURcHVV

W\SLcaOO\ VHWV WKH µLQLWLaO cRQdLWLRQ¶ IRU aOO WKUHH RI WKHVH LQdLcaWRUV, RQJRLQJ PRQLWRULQJ RI WKHVH

LQdLcaWRUV LV LPSRUWaQW WR aVVHVV ZKHWKHU WKH WKHRUHWLcaO V\QHUJLVWLc bHQHILWV RI WKH MPAN aUH
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RccXUULQJ, PaLQWaLQHd RYHU WLPH aV HQYLURQPHQWaO aQd PaQaJHPHQW cRQWH[WV cKaQJH, aQd

cRQWLQXLQJ WR PHHW QHWZRUN RbMHcWLYHV (GURUXd-CROYHUW HW aO. 2014, RRbHUWV HW aO. 2018).

RHSUHVHQWaWLRQ aQd UHSOLcaWLRQ Pa\ UHSUHVHQW a ORZHU SULRULW\ IRU PRQLWRULQJ SURJUaPV JLYHQ WKaW

WKHVH LQdLcaWRUV aUH OLNHO\ WR cKaQJH PRUH JUadXaOO\ WKaQ RWKHU LQdLcaWRUV aQd WKaW a

cRQVLdHUabOH OHYHO RI HIIRUW Pa\ bH QHHdHd WR UH-aVVHVV WKHVH LQdLcaWRUV acURVV a OaUJH QXPbHU

RI VLWHV. HRZHYHU, WKHVH LQdLcaWRUV Pa\ bH PRUH VXLWabOH IRU PRQLWRULQJ RYHU ORQJHU WLPHIUaPHV

(H.J., UHYLVLWHd aW WKH WLPH RI dHcadaO QHWZRUN UHYLHZV), RU ZKHQ PaWHULaO cKaQJHV WR WKH QHWZRUN

RccXU (H.J., addLQJ RU dHJa]HWWLQJ VLWHV, aV LQ RRbHUWV HW aO. 2018). IQ addLWLRQ, UHSUHVHQWaWLRQ

aQd UHSOLcaWLRQ aORQH aUH QRW VXIILcLHQW PHaVXUHV RI MPA SHUIRUPaQcH aQd VKRXOd aOZa\V bH

SaLUHd ZLWK PRUH TXaQWLWaWLYH LQdLcaWRUV RI WKUHaW UHdXcWLRQ aQd UHaOL]Hd HcRORJLcaO UHVSRQVH

(CRcNHUHOO HW aO. 2020).

ReSUeVeQWaWiRQ LV a PHaVXUH RI KRZ ZHOO WKH QHWZRUN LQcOXdHV WKH IXOO UaQJH aQd dLYHUVLW\ RI

SULRULW\ VSHcLHV, KabLWaWV, RU RWKHU QaWXUaO IHaWXUHV IRXQd ZLWKLQ WKH QHWZRUN UHJLRQ aQd /RU

cRPSRQHQW bLRUHJLRQ, aQd RIWHQ HPSKaVL]HV UHSUHVHQWaWLRQ RI dHVLJQaWHd bLRdLYHUVLW\ KRWVSRWV,

VRPHWLPHV aOVR NQRZQ aV HcRORJLcaOO\ aQd bLRORJLcaOO\ VLJQLILcaQW aUHaV (EBSAV) (MHHKaQ HW aO.

2020, BaObaU HW aO. 2020). RHSUHVHQWaWLRQ caQ bH aVVHVVHd RYHU WLPH b\ cRPSaULQJ VSHcLHV-

aQd cRPPXQLW\-VcaOH LQdLcaWRUV LQVLdH MPAV WR WKRVH RI adMacHQW cRQWURO aUHaV RU WR WKH UHJLRQ

aV a ZKROH WR XQdHUVWaQd ZKHWKHU VSHcLILc VSHcLHV, cRPPXQLWLHV, RU HcRORJLcaO IHaWXUHV aUH

JaLQHd RU ORVW IURP LQdLYLdXaO VLWHV RU WKH QHWZRUN aV a ZKROH LQ UHVSRQVH WR HcRV\VWHP

UHcRYHU\, cKaQJHV LQ WKH OHYHO RI SURWHcWLRQ aW H[LVWLQJ MPAV, addLWLRQ RI QHZ MPAV, RU bURadHU

HQYLURQPHQWaO cKaQJH (GURUXd-CROYHUW HW aO. 2014; SR\NaQ aQd LHZLVRQ 2015). SSHcLHV,

KabLWaW, aQd cRPPXQLW\ daWa caQ bH UROOHd XS LQWR UHSUHVHQWaWLRQ PHWULcV VXcK IUacWLRQ RI HacK

bLRUHJLRQ RU KabLWaW W\SH SURWHcWHd aW dLIIHUHQW OHYHOV RU aV µmean protection gap¶ aQd µmean

target achievement¶ WR IUaPH UHSUHVHQWaWLRQ daWa ZLWK UHVSHcW WR KRZ ZHOO LW LV PHHWLQJ MPA

PaQaJHPHQW WaUJHWV acURVV VSHcLHV RU HcRORJLcaO IHaWXUHV RI LQWHUHVW (RRbHUWV HW aO. 2018,

JaQWNH HW aO. 2018).

ReSOicaWiRQ LV a PHaVXUH RI KRZ PaQ\ dLVWLQcW RccXUUHQcHV RU VLWHV RI VSHcLILc VHabHd IHaWXUHV,

KabLWaW cOaVVHV, RU RWKHU aUHaV RI LPSRUWaQcH aUH LQcOXdHd acURVV WKH QHWZRUN aV a Za\ WR

LQcUHaVH UHdXQdaQc\ aQd UHVLOLHQcH WR XQSUHdLcWabOH HQYLURQPHQWaO cKaQJH (BaObaU HW aO. 2020).

MHaVXULQJ UHSOLcaWLRQ KLQJHV RQ WKH dHILQLWLRQ RI a UHSOLcaWH, ZKLcK LV JHQHUaOO\ dHILQHd aV a

KabLWaW aUHa OaUJH HQRXJK WR caSWXUH PRVW RI WKH VSHcLHV WKaW XVH a JLYHQ KabLWaW, aQd Pa\ YaU\

acURVV KabLWaWV aQd VcaOHV. IdHaOO\, WKH PLQLPXP aUHa IRU UHSOLcaWH ZRXOd bH HVWabOLVKHd XVLQJ
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ILHOd VWXdLHV WR dHYHORS VSHcLHV-aUHa cXUYHV WR dHWHUPLQH WKH PLQLPXP aUHa QHHdHd WR caSWXUH

a PaMRULW\ (H.J., 90%) RI VSHcLHV XVLQJ a KabLWaW (SaaUPaQ HW aO. 2013, YRXQJ aQd CaUU 2015,

BaObaU HW aO. 2020). WKHUH WKHVH daWa aUH XQaYaLOabOH, HcRORJLcaO NQRZOHdJH RQ VSHcLHV HcRORJ\

aQd bHKaYLRU caQ bH XVHd WR HVWLPaWH aQ aSSURSULaWH SaWcK VL]H (BaObaU HW aO. 2020). OQcH a

UHSOLcaWH LV dHILQHd, UHSOLcaWLRQ caQ bH dHWHUPLQHd XVLQJ VLPLOaU PHWKRdV aV IRU UHSUHVHQWaWLRQ.

CRQQecWiYiW\ LV aQ HPHUJHQW SURSHUW\ RI WKH cRQILJXUaWLRQ RI MPANV WKaW PHaVXUHV IXQcWLRQaO

OLQNaJHV bHWZHHQ LQdLYLdXaO MPAV ZLWKLQ WKH QHWZRUN PHdLaWHd WKURXJK WKH PRYHPHQW RI

RUJaQLVPV (JaPHWHV, MXYHQLOHV, RU adXOWV), JHQHV, HQHUJ\, cKHPLcaOV, RU PaWHULaOV aPRQJ

KabLWaWV, SRSXOaWLRQV, cRPPXQLWLHV, RU HcRV\VWHPV (CaUU HW aO. 2017, BaObaU HW aO. 2020).

CRQQHcWLYLW\ caQ bH a NH\ dULYHU RI MPAN dHVLJQ, bXW LV PRUH RIWHQ a VHcRQdaU\ cRQVLdHUaWLRQ

WR RWKHU cRQVHUYaWLRQ aQd PaQaJHPHQW RbMHcWLYHV (GURUXd-CROYHUW HW aO 2014, BaObaU aQd

MHWa[aV 2019, BaObaU HW aO. 2020). IPSRUWaQWO\, connecWiYiW\ is a ke\ design aWWribXWe of MPA
neWZorks aQd LV WKH SULPaU\ LQdLcaWRU RI ZKHWKHU a cROOHcWLRQ RI MPA VLWHV LV SHUIRUPLQJ aV a

IXQcWLRQaO QHWZRUN WR dHOLYHU bHQHILWV WKaW aUH JUHaWHU WKaQ WKH VXP RI LWV SaUWV (GURUXd-CROYHUW

HW aO. 2014, CDFW 2022).

CRQQHcWLYLW\ caQ bH dHILQHd WKURXJK aW OHaVW IRXU dLIIHUHQW LQdLcaWRUV, HacK RI ZKLcK aUH

aVVRcLaWHd ZLWK VSHcLILc W\SHV RI LQIRUPaWLRQ aQd PRQLWRULQJ PHWKRdV WKaW RIWHQ dUaZ RQ

VSHcLHV- RU cRPPXQLW\-VcaOH LQdLcaWRUV (VXPPaUL]Hd LQ JUHaWHU dHWaLO LQ BaObaU HW aO. 2022):

Ɣ Landscape connecWiYiW\ dHVcULbHV WKH dHJUHH WR ZKLcK a OaQdVcaSH (RU VHaVcaSH)

IacLOLWaWHV RU LPSHdHV PRYHPHQW aPRQJ KabLWaWV, SRSXOaWLRQV, cRPPXQLWLHV RU

HcRV\VWHPV. TKLV W\SH RI cRQQHcWLYLW\ LV W\SLcaOO\ aVVHVVHd WKURXJK WKH VSaWLaO

cRQILJXUaWLRQ RI MPAV ZLWKLQ a QHWZRUN, RIWHQ cRXSOHd ZLWK XQdHUVWaQdLQJ RI VSHcLHV

dLVSHUVaO SKHQRW\SH (H..J, baVHd RQ SaUaPHWHUV VXcK aV SHOaJLc OaUYaO dXUaWLRQ (PLD),

SUHcRPSHWHQc\ SHULRd RI dHYHORSPHQW SULRU WR bHLQJ abOH WR VHWWOH, OaUYaO PRUWaOLW\, aQd

VSaZQLQJ ZLQdRZ) aQd cRQQHcWLYLW\ PRdHOOLQJ. FRU H[aPSOH, cRQQHcWLYLW\ PRdHOOLQJ caQ

bH XVHd WR dHPRQVWUaWH WKaW PaQ\ JURXSV RI MPAV cXUUHQWO\ UHIHUUHd WR aV QHWZRUNV Pa\

QRW bH IXOO\ cRQQHcWHd LQWR a IXQcWLRQaO cRQQHcWLYLW\ QHWZRUN, bXW aUH PRUH accXUaWHO\

dHVcULbHd aV a cROOHcWLRQ RI VPaOOHU IXQcWLRQaO QHWZRUNV (H.J., aV LV WKH caVH IRU WKH

AXVWUaOLaQ QaWLRQaO MPA QHWZRUN, SHU RRbHUWV HW aO. 2021) ZKLcK caQ LQIOXHQcH dHcLVLRQV

abRXW cXUUHQW PaQaJHPHQW aQd IXWXUH MPA VLWH dHVLJQaWLRQ. LaQdVcaSH cRQQHcWLYLW\ LV

RIWHQ XVHd aV a SUR[\ IRU IXQcWLRQaO cRQQHcWLYLW\ caSWXUHd LQ WKH RWKHU LQdLcaWRUV bHORZ,
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ZKLcK caQ bH cKaOOHQJLQJ aQd cRVWO\ WR PHaVXUH dLUHcWO\, HVSHcLaOO\ RYHU OaUJH VSaWLaO

VcaOHV (BaObaU HW aO. 2020).

Ɣ PopXlaWion demographic connecWiYiW\ dHVcULbHV WKH PRYHPHQW RI RUJaQLVPV aPRQJ

SaWcK\ VXb-SRSXOaWLRQV RU KabLWaWV. IW LV JHQHUaOO\ aVVHVVHd IRU (1) dLVSHUVaO RI SOaQNWRQLc

OaUYaH XVLQJ PRdHOV LQIRUPHd b\ OaUYaO bHKaYLRXU, SOaQNWRQLc OaUYaO dXUaWLRQ, aQd RcHaQ

cLUcXOaWLRQ XVLQJ SaUWLcOH WUacNLQJ PRdHOV IRU VHOHcWHd IRcaO VSHcLHV, aQd (2) dLVSHUVaO RI

adXOW LQdLYLdXaOV XVLQJ PRdHOV LQIRUPHd b\ ILHOd-baVHd dLVSHUVaO daWa cROOHcWHd WKURXJK

YLVXaO RbVHUYaWLRQ RI µQaWXUaO PaUNV¶ RQ LQdLYLdXaOV (H.J., IOXNH PaUNLQJV RQ ZKaOHV),

JHRcKHPLcaO VLJQaWXUHV LQ KaUd caOcLILHd VWUXcWXUHV VXcK aV VKHOOV RU RWROLWKV, RU WKURXJK

dLYHUVH W\SHV RI SaVVLYH RU acWLYH WaJJLQJ aQd WUacNLQJ VWXdLHV (BaObaU HW aO. 2020).

UVLQJ PHWKRdV VXcK aV JHRcKHPLcaO VLJQaWXUHV WKaW caSWXUH PRYHPHQW LQIRUPaWLRQ

acURVV WKH HQWLUH OLIHVSaQ caQ bH SaUWLcXOaUO\ XVHIXO IRU XQdHUVWaQdLQJ PRYHPHQW

bHWZHHQ KabLWaWV aQd UHJLRQV acURVV WKH OLIH c\cOH, ZKLcK Pa\ WaNH LQdLYLdXaOV aQd

VSHcLHV bH\RQd WKH bRXQdaULHV RI LQdLYLdXaO MPAV ZLWKLQ WKH QHWZRUN.

Ɣ PopXlaWion geneWic connecWiYiW\ dHVcULbHV WKH PRYHPHQW RI JHQHV aPRQJ dLVWLQcW

SRSXOaWLRQV RI a VSHcLHV aV PHdLaWHd WKURXJK WKH PRYHPHQW RI LQdLYLdXaO RUJaQLVPV. IW LV

JHQHUaOO\ aVVHVVHd XVLQJ dLUHcW (H.J., WLVVXH VaPSOHV) RU LQdLUHcW (H.J., HDNA) JHQHWLc

VaPSOLQJ aQd SURYLdHV LQIRUPaWLRQ RQ dLVSHUVaO dLVWaQcHV aV ZHOO aV UHaOL]Hd

SRSXOaWLRQ-VcaOH cRQQHcWLYLW\ WKURXJK JHQH IORZ. GHQHWLc LQIRUPaWLRQ RbWaLQHd WKURXJK

dLVcUHWH VaPSOLQJ RI LQdLYLdXaOV caQ bH XVHd WR caOcXOaWH dLVSHUVaO IURP PHWULcV VXcK aV

LVROaWLRQ-b\-dLVWaQcH UHOaWLRQVKLS (IBD) RU IL[aWLRQ LQdH[ (FST) aPRQJ SRSXOaWLRQV (OHVV

UHVRXUcH LQWHQVLYH bXW UHTXLUH PRUH aVVXPSWLRQV), RU \LHOd dLUHcW PHWULcV VXcK aV

SaUHQWaJH aQd VLbOLQJ UHOaWLRQVKLSV aQd cOXVWHULQJ ZKLcK caQ aOVR SURYLdH LQIRUPaWLRQ RQ

UHcUXLWPHQW (PRUH UHVRXUcH LQWHQVLYH aQd RQO\ SRVVLbOH aW VPaOO VSaWLaO VcaOHV). IQ

cRQWUaVW, JHQHWLc LQIRUPaWLRQ QHHdHd WR HVWLPaWH JHQH IORZ aW SRSXOaWLRQ VcaOHV UHTXLUHV

PRUH cRQWLQXRXV VaPSOLQJ RI LQdLYLdXaOV acURVV WKH HQWLUH JHRJUaSKLc UaQJH RI LQWHUHVW

(BaObaU HW aO. 2020). GHQHWLc LQIRUPaWLRQ caQ aOVR bH XVHd ZLWK cRQQHcWLYLW\ aQd

SRSXOaWLRQ PRdHOV WR aVVHVV WKH SRWHQWLaO cRQWULbXWLRQ RI MPAV WR ILVKHd SRSXOaWLRQV

bH\RQd WKHLU bRXQdaULHV (H.J., LHPRUW HW aO. 2017).

Ɣ Ecos\sWem connecWiYiW\ dHVcULbHV WKH PRYHPHQW RI HQHUJ\, QXWULHQWV, cKHPLcaOV, RU

PaWHULaOV aPRQJ KabLWaWV RU HcRV\VWHPV aV PHdLaWHd WKURXJK WKH PRYHPHQW RI

LQdLYLdXaO RUJaQLVPV. IW caQ bH PHaVXUHd WKURXJK JHRcKHPLcaO PHWKRdV VXcK aV

aQaO\VLV RI VWabOH LVRWRSHV ZLWKLQ RUJaQLc PaWHULaO RU WLVVXHV WKaW PaWcK cKHPLcaO

VLJQaWXUHV RI VSHcLILc KabLWaWV, dHSWKV, RU UHJLRQV. AOWKRXJK WKLV W\SH RI cRQQHcWLYLW\ LV
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ORJLVWLcaOO\ cKaOOHQJLQJ WR PHaVXUH, LW Pa\ bH XVHd LQ VSHcLILc cRQWH[WV VXcK aV

PRQLWRULQJ WKH PRYHPHQW RI dHWULWXV aQd QXWULHQWV bHWZHHQ VLWHV (BaObaU HW aO. 2020).

BHcaXVH PRQLWRULQJ IRU PaQ\ IRUPV RI cRQQHcWLYLW\ caQ bH cRPSOH[ aQd UHTXLUH VLJQLILcaQW

LQYHVWPHQWV RI WLPH, HIIRUW, aQd UHVRXUcHV, LW LV RIWHQ caUULHd RXW RQO\ IRU VHOHcWHd IRcaO VSHcLHV

RU dHULYHd IRU PRUH JHQHUaOL]Hd IXQcWLRQaO JURXSLQJV RI VSHcLHV (H.J., cRaVWaO bHQWKLc YHUVXV

RIIVKRUH SHOaJLc VSHcLHV RU VKRUW- YHUVXV ORQJ-SHOaJLc dXUaWLRQ VSHcLHV) (BaObaU HW aO. 2020).

UQdHU WKLV aSSURacK, JHQHUaOL]Hd cRQQHcWLYLW\ bHQcKPaUNV cRXOd bH dHYHORSHd WR HYaOXaWH

QHWZRUN-VcaOH cRQQHcWLYLW\ RYHU WLPH. OQH VXcK H[aPSOH LV ProtConn, a PHWULc WKaW TXaQWLILHV

WKH SHUcHQWaJH RI VHOHcWHd KabLWaWV RU HQWLUH SOaQQLQJ UHJLRQV cRYHUHd b\ cRQQHcWHd SURWHcWHd

aUHaV (SaXUa HW aO. 2017).

MeasXring neWZork connecWiYiW\ is essenWial for assessing ZheWher Whe WheoreWical
s\nergisWic benefiWs of Whe MPAN are being reali]ed aW a QHWZRUN VcaOH. MRQLWRULQJ

cRQQHcWLYLW\ aW PXOWLSOH WLPH SRLQWV caQ aOVR KHOS WR LQIRUP WKH SOacHPHQW RI IXWXUH MPAV LQ WKH

QHWZRUN WR LPSURYH cRQQHcWLYLW\ LQ UHVSRQVH WR cKaQJLQJ VHaVcaSH aQd HQYLURQPHQWaO

cRQdLWLRQV (BaObaU HW aO. 2020). IQIRUPaWLRQ RQ cRQQHcWLYLW\ caQ aOVR bH aQ LPSRUWaQW LQSXW WR

OaQdVcaSH-VcaOH SRSXOaWLRQ PRdHOV WR aVVHVV SRSXOaWLRQ YLabLOLW\ aQd cRQVHUYaWLRQ SOaQQLQJ IRU

NH\ VSHcLHV (BaObaU HW aO. 2020). FRU H[aPSOH, CaOLIRUQLa KaV LQYHVWHd LQ WKH dHYHORSPHQW RI WKH

CaOLIRUQLa CRQQHcWLYLW\ MRdHO WR KHOS aQVZHU TXHVWLRQV UHOaWHd WR QHWZRUN-VcaOH HIIHcWLYHQHVV,

ZKLcK KaYH KHOSHd WR cRQILUP WKaW cRQILUP WKaW (1) MPAV aUH PRUH cRQQHcWHd WR RQH aQRWKHU

aQd RWKHU SaUWV RI WKH cRaVW WKaQ aUHaV RXWVLdH RI MPAV, aQd (2) WKaW WKH SRVLWLYH HIIHcW RI MPAV

RQ WKH VL]H aQd abXQdaQcH RI VSHcLHV ZLWKLQ WKHLU bRXQdaULHV aOVR HQKaQcHV WKHLU cRQWULbXWLRQ

WR OaUYaO cRQQHcWLYLW\ RXWVLdH WKHLU bRXQdaULHV (CDFW 2022, ASSHQdL[ B.8). HRZHYHU, LW LV aOVR

LPSRUWaQW WR acNQRZOHdJH WKaW MPAV aUH W\SLcaOO\ QRW LVROaWHd SaWcKHV RI VXLWabOH KabLWaW, aV

PLJKW bH WKH caVH IRU VRPH WHUUHVWULaO SURWHcWHd aUHa QHWZRUNV, bXW UaWKHU SaWcKHV dHILQHd b\

aUWLILcLaO bRXQdaULHV HPbHddHd ZLWKLQ a bURadHU cRQWLQXRXV VHaVcaSH WKaW UHPaLQV OaUJHO\

VXLWabOH IRU VSHcLHV VXUYLYaO aQd dLVSHUVaO (CRVWHOOR aQd CRQQRU 2019). TKXV, PaQaJHUV aUH

adYLVHd WR cRQVLdHU cRQQHcWLYLW\ RI WKH MPAN ZLWKLQ WKH bURadHU cRQWH[W RI cRQQHcWLYLW\ acURVV

WKH VHaVcaSH LQ ZKLcK LW LV HPbHddHd (H.J., FULHVHQ HW aO. 2019).

SXmmar\ of MeWhods and Tools

A ZLdH UaQJH RI HVWabOLVKHd aQd HPHUJLQJ WRROV aQd PHWKRdV aUH QRZ aYaLOabOH WR PRQLWRU WKH

VWaWXV aQd WUHQdV RI VSHcLHV aQd cRPPXQLW\ LQdLcaWRUV. TKHVH PHWKRdV UaQJH IURP YLVXaO
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RbVHUYaWLRQV b\ dLYHUV, LQ-VLWX YLdHR caSWXUHd b\ IL[Hd RU PRbLOH XQdHUZaWHU caPHUaV, RU

UHPRWHO\ VHQVHd LPaJHU\ caSWXUHd b\ aHULaO RU VaWHOOLWH V\VWHPV; acRXVWLc daWa caSWXUHd b\

HcKRVRXQdHUV, K\dURSKRQHV, aQd WHOHPHWU\ V\VWHPV; aQd dLUHcW VaPSOLQJ YLa H[SHULPHQWaO

ILVKLQJ aQd cROOHcWLRQ RI ILHOd VaPSOHV IRU OabRUaWRU\ aQaO\VLV (H.J., HDNA, VWabOH LVRWRSHV)

(MLQHOOR HW aO. 2021, EKUPaQ HW aO. 2022). WKHUH VSHcLHV aUH UaUH, WKUHaWHQHd, aQd/RU

SaUWLcXOaUO\ VHQVLWLYH WR SK\VLcaO dLVWXUbaQcH, QRQ-LQWUXVLYH PRQLWRULQJ PHWKRdV VXcK aV RSWLcaO

RbVHUYaWLRQ, acRXVWLc PHWKRdV, RU HQYLURQPHQWaO DNA (HDNA) aUH JHQHUaOO\ SUHIHUUHd (LRK HW

aO. 2019, GROd HW aO. 2021).

IQ JHQHUaO, QHWZRUN-VcaOH HcRORJLcaO LQdLcaWRUV aUH PHaVXUHd WKURXJK cROOHcWLYH aQd

cRPSaUaWLYH aQaO\VLV RI VLWH-VcaOH HQYLURQPHQWaO, VSHcLHV, aQd cRPPXQLW\ LQdLcaWRUV WR dHWHcW

HPHUJHQW WUHQdV acURVV VLWHV. TKH WRROV aQd PHWKRdV XVHd VSaQ a UaQJH RI WHPSRUaO aQd VSaWLaO

VcaOHV. MRQLWRULQJ RI UHSUHVHQWaWLRQ aQd UHSOLcaWLRQ LV RIWHQ IRcXVHd RQ KabLWaWV aQd UHOLHV RQ

acRXVWLc RU VaWHOOLWH UHPRWH VHQVLQJ WR dHWHcW aQd PaS KabLWaWV RYHU OaUJH aUHaV, ZKLcK caQ WKHQ

bH RYHUOaLd ZLWK aQd cRPSaUHd WR WKH IRRWSULQWV RI MPAV ZLWKLQ WKH QHWZRUN (BaObaU HW aO. 2020).

MRQLWRULQJ RI cRQQHcWLYLW\ XVHV a bURad VXLWH RI PHWKRdV UaQJLQJ IURP LQdLUHcW HVWLPaWLRQ baVHd

RQ NQRZOHdJH RI VSHcLHV dLVSHUVaO aQd bLRSK\VLcaO PRdHOOLQJ WR PRUH cRPSOH[ aQd

UHVRXUcH-LQWHQVLYH PHWKRdV RI dLUHcW PHaVXUHPHQW XVLQJ YLVXaO RbVHUYaWLRQ, WHOHPHWU\ WUacNLQJ,

JHQHWLcV, RU VWabOH LVRWRSH aQd RWROLWK cKHPLVWU\ WR XQdHUVWaQd cKaQJHV RYHU RQH JHQHUaWLRQ,

ZKLOH cRaUVHU WRROV VXcK aV SRSXOaWLRQ JHQHWLcV aQd HYROXWLRQaU\ SK\ORJHQHWLcV caQ WUacN

cKaQJHV RYHU PXOWLSOH JHQHUaWLRQV (BaObaU HW aO. 2020). SHOHcWLRQ RI WKH PRVW aSSURSULaWH WRROV

IURP a PaQaJHPHQW SHUVSHcWLYH ZLOO dHSHQd RQ WKH MPAN RbMHcWLYHV RI LQWHUHVW.
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Table 29: SXPPaU\ RI NH\ HcRORJLcaO LQdLcaWRUV IRU MPAV aQd MPANV aORQJ ZLWK UHSUHVHQWaWLYH H[aPSOHV RI aVVRcLaWHd SaUaPHWHUV, ZKLcK VKRXOd

QRW bH cRQVLdHUHd cRPSUHKHQVLYH. IQdLcaWRUV RU SaUaPHWHUV WKaW aUH bROdHd ZHUH LdHQWLILHd LQ SULRU UHYLHZV aV OHadLQJ LQdLcaWRUV cXUUHQWO\ LQ XVH LQ

MPAV RU MPANV, ZKLOH WKRVH PaUNHd ZLWK aQ aVWHULVN (*) KaYH bHHQ VKRZQ WR bH WKH PRVW UHOLabOH LQdLcaWRUV RI MPA HIIHcWLYHQHVV (VRXUcHV bHORZ

WabOH).

IndicaWor
Class

RepresenWaWiYe
ParameWers ValXe of InformaWion Ke\ MeWhods and ConsideraWions

SSecieV

ƔDiVWUibXWiRQ*
ƔAbXQdaQce*
(E\ NH\ VSHFLHV)*

ƔPRSXlaWiRQ VWUXcWXUe*
(VL]H DQG DJH VWUXFWXUH, E\
NH\ VSHFLHV)*

ƔDiVSeUVal
ƔHHDOWK (GLVHDVH, GDPDJH)
ƔBHKDYLRXU
ƔPKHQRORJ\
(OLIH F\FOH HYHQW WLPLQJ)

IQIRUPDWLRQ RQ GLVWULEXWLRQ DQG GLVSHUVDO SURYLGH
LQVLJKWV LQWR FKDQJHV LQ VSHFLHV RFFXSDQF\ DQG
FRQQHFWLYLW\ DFURVV WKH MPAN, ZKLOH LQIRUPDWLRQ
RQ DEXQGDQFH LV FULWLFDO IRU WUDFNLQJ SRSXODWLRQ
WUHQGV LQ UHVSRQVH WR SURWHFWLRQ RU RWKHU KXPDQ RU
HQYLURQPHQWDO GULYHUV.
IQIRUPDWLRQ RQ DEXQGDQFH DQG SRSXODWLRQ
VWUXFWXUH FDQ EH XVHG WR XQGHUVWDQG WKH HIIHFWV RI
MPAV RQ UHFUXLWPHQW DQG VXUYLYRUVKLS RI WKH
GLIIHUHQW DJH FODVVHV, ZKLFK FDQ LQ WXUQ SURYLGH
LQVLJKWV LQWR WKH H[SHFWHG IXWXUH WUDMHFWRU\ RI
SRSXODWLRQ UHFRYHU\.

SSHFLHV FKDUDFWHULVWLFV VKRXOG EH PRQLWRUHG DFURVV D
UHSUHVHQWDWLYH UDQJH RI WD[RQRPLF JURXSV DQG KDELWDWV DQG LV
LGHDOO\ SDLUHG ZLWK GDWD FROOHFWLRQ RQ FRUH RFHDQRJUDSKLF
YDULDEOHV. DLVWULEXWLRQ FDQ EH GHWHFWHG XVLQJ D ZLGH UDQJH RI
PHWKRGV LQFOXGLQJ YLVXDO, DFRXVWLF, DQG JHQHWLF VDPSOLQJ.
IQGLFDWRUV WKDW DUH PRUH WLPH DQG UHVRXUFH LQWHQVLYH WR
PRQLWRU, VXFK DV DEXQGDQFH DQG SRSXODWLRQ VWUXFWXUH, DUH
W\SLFDOO\ PRQLWRUHG IRU D VHOHFWHG VXEVHW RI IRFDO VSHFLHV
FKRVHQ IRU WKHLU HFRORJLFDO (H.J., NH\VWRQH RU KDELWDW IRUPLQJ
VSHFLHV), FXOWXUDO (H.J., VXEVLVWHQFH VSHFLHV), DQG/RU HFRQRPLF
(H.J., VSHFLHV VXSSRUWLQJ ILVKHULHV RU UHFUHDWLRQ DFWLYLWLHV)
LPSRUWDQFH.

CRPPXQiW\

Ɣ7D[RQRPLF FRPSRVLWLRQ
ƔSSecieV DiYeUViW\ aQd
RichQeVV

ƔEYeQQeVV / DRPLQDQFH /
RDULW\

ƔTRWal biRPaVV*
ƔTRWal abXQdaQce*
ƔFXQcWiRQal diYeUViW\*
ƔPh\lRgeQeWic diYeUViW\*

7D[RQRPLF FRPSRVLWLRQ FDQ EH XVHG WR FDOFXODWH
LQGLFHV RI FRPPXQLW\ FRPSRVLWLRQ VXFK DV VSHFLHV
ULFKQHVV, GLYHUVLW\, HYHQQHVV, GRPLQDQFH DQG
UDULW\, ZKLFK FDQ SURYLGH LQVLJKWV LQWR RYHUDOO
V\VWHP IXQFWLRQ. 7KLV LQIRUPDWLRQ LV DOVR LPSRUWDQW
WR XQGHUVWDQG MPA HIIHFWLYHQHVV DV ZHOO DV
RQJRLQJ FRYHUDJH RI LPSRUWDQW QDWXUDO DUHDV
DFURVV WKH MPAN LQ WHUPV RI ELRGLYHUVLW\ DQG
ULFKQHVV KRWVSRWV (VHH EHORZ). SSHFLHV GLYHUVLW\
DQG ULFKQHVV DUH WKH PRVW FRPPRQO\ XVHG OHDGLQJ
PHWULFV, EXW UHFHQW ZRUN KDV VKRZQ WKDW WRWDO
ELRPDVV, DEXQGDQFH, HYHQQHVV, DQG IXQFWLRQDO

7D[RQRPLF FRPSRVLWLRQ FDQ EH DVVHVVHG WKURXJK XQGHUZDWHU
YLVXDO VXUYH\V (E\ GLYHUV RU UHPRWHO\ RSHUDWHG YHKLFOHV RU
RO9V),WKURXJK XQGHUZDWHU DFRXVWLF VXUYH\V (VKLS-EDVHG
VRQDU, DFRXVWLF SURILOHUV RU HFKRVRXQGHUV, DQG K\GURSKRQHV)
WKURXJK SK\VLFDO VXUIDFH VDPSOLQJ VXUYH\V (FDWFK SHU XQLW
HIIRUW LQ ILVKHULHV-LQGHSHQGHQW DQG ILVKHULHV-GHSHQGHQW
SURJUDPV), RU WKURXJK FROOHFWLRQ RI HDNA (WKURXJK DFWLYH RU
SDVVLYH VDPSOLQJ SURWRFROV).
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IndicaWor
Class

RepresenWaWiYe
ParameWers ValXe of InformaWion Ke\ MeWhods and ConsideraWions

DQG SK\ORJHQHWLF GLYHUVLW\ DUH PRUH UHOLDEOH
PHWULFV RI MPA HIIHFWLYHQHVV.

CRQQecWiYiW\

ƔSi]e & AUUaQgePeQW Rf
MPAV*

ƔPRSXODWLRQ FRQQHFWLYLW\
(SK\VLFDO PRYHPHQW, JHQHWLF,
GHPRJUDSKLF)

ƔEFRORJLFDO SURFHVV
FRQQHFWLYLW\ (WURSKLF OLQNDJHV,
QXWULHQW IORZV, DQG HQHUJ\
WUDQVIHU)

CRQQHFWLYLW\ PHDVXUHV IXQFWLRQDO OLQNDJHV
EHWZHHQ LQGLYLGXDO MPAV ZLWKLQ WKH QHWZRUN
PHGLDWHG WKURXJK WKH PRYHPHQW RI RUJDQLVPV,
JHQHV, HQHUJ\, FKHPLFDOV, RU PDWHULDOV DPRQJ
KDELWDWV, SRSXODWLRQV, FRPPXQLWLHV, RU
HFRV\VWHPV. MRQLWRULQJ FRQQHFWLYLW\ KHOSV WR
DVVHVV ZKHWKHU WKH WKHRUHWLFDO V\QHUJLVWLF EHQHILWV
RI WKH MPAN DUH RFFXUULQJ DQG HIIHFWLYHO\
FRQWULEXWLQJ WR PHHWLQJ QHWZRUN REMHFWLYHV.
MRQLWRULQJ FRQQHFWLYLW\ DW PXOWLSOH WLPH SRLQWV FDQ
DOVR KHOS WR LQIRUP FRQILJXUDWLRQ RI IXWXUH MPAV
ZLWKLQ WKH H[LVWLQJ QHWZRUN WR DGDSW WR FKDQJLQJ
ODQGVFDSH DQG HQYLURQPHQWDO FRQGLWLRQV.

IQ JHQHUDO, WKHVH LQGLFDWRUV DUH PHDVXUHG WKURXJK
FROOHFWLYH DQG FRPSDUDWLYH DQDO\VLV RI VLWH-VFDOH
HQYLURQPHQWDO, VSHFLHV, DQG FRPPXQLW\ LQGLFDWRUV
WR GHWHFW HPHUJHQW WUHQGV DFURVV VLWHV.

7KLV FODVV HQFRPSDVVHV PDQ\ W\SHV RI FRQQHFWLYLW\, PHWKRGV,
DQG FRQVLGHUDWLRQV. IQ WKH DEVHQFH RI HPSLULFDO PRQLWRULQJ
GDWD, HFRORJLFDO FRQQHFWLYLW\ FDQ EH HVWLPDWHG LQGLUHFWO\ IURP
WKH VL]H DQG DUUDQJHPHQW RI MPAV, HFRORJLFDO NQRZOHGJH RI
VSHFLHV GLVSHUVDO DQG OLIH KLVWRU\ FKDUDFWHULVWLFV, DQG RFHDQ
FLUFXODWLRQ WKURXJK QHWZRUN PRGHOOLQJ.
PRSXODWLRQ FRQQHFWLYLW\ FDQ EH PRQLWRUHG GLUHFWO\ WKURXJK D
YDULHW\ RI PHDQV UDQJLQJ IURP VLPSOHU SK\VLFDO, JHRFKHPLFDO,
RU DFRXVWLF WDJJLQJ DQG WUDFNLQJ WR PRUH FRPSOH[ VWDEOH
LVRWRSH DQDO\VLV DQG WR SRSXODWLRQ JHQHWLFV).
EFRORJLFDO SURFHVV FRQQHFWLYLW\ LV PRUH FKDOOHQJLQJ WR
PHDVXUH EXW FDQ EH PRQLWRUHG WKURXJK GLIIHUHQW FRPELQDWLRQV
RI VWDEOH LVRWRSH DQDO\VLV, VWRPDFK FRQWHQW DQDO\VLV, DQG
FRQGLWLRQ / FDORULF FRQWHQW RI IRXQGDWLRQDO SUH\ VSHFLHV.

ReSUeVeQWaWiR
Q aQd

ReSlicaWiRQ

ƔKe\ biRdiYeUViW\ aUeaV*
ƔKe\ VSecieV UichQeVV
hRWVSRWV*

ƔPURSRUWiRQ Rf VSecieV RU
ecRUegiRQV diVWUibXWiRQV
cRYeUed b\ MPAV*

CRYHUDJH RI LPSRUWDQW QDWXUDO DUHDV LV RIWHQ
DVVHVVHG DV SDUW RI WKH MPAN SODQQLQJ SURFHVV,
EXW RQJRLQJ DVVHVVPHQW RI WKHVH LQGLFDWRUV
WKURXJK VSHFLHV, KDELWDW, DQG FRPPXQLW\-OHYHO
PRQLWRULQJ LV QHFHVVDU\ WR HQVXUH WKDW
UHSUHVHQWDWLYHQHVV LV PDLQWDLQHG RYHU WLPH DV
KXPDQ DFWLYLWLHV DQG HQYLURQPHQWDO FRQGLWLRQV
PD\ VKLIW.

BHFDXVH WKH ALFKL 7DUJHW 11 HPSKDVL]HV DUHDV RI LPSRUWDQFH
IRU ELRGLYHUVLW\, FRQVHUYDWLRQ, DQG HFRV\VWHP VHUYLFHV, WKHUH
ZLOO EH D VWURQJ OLQNDJH EHWZHHQ HFRORJLFDO LQGLFDWRUV
FRQWULEXWLQJ WR HFRV\VWHP VHUYLFHV DQG WKH VRFLDO EHQHILWV DQG
LQGLFDWRUV WKH\ VXSSRUW.

SRXUcHV: PHOOHWLHU HW aO. 2005, SR\NaQ aQd LHZLVRQ 2015, MHHKaQ HW aO. 2020, BaObaU HW aO. 2020, O¶LHaU\ HW aO. 2021, EKUPaQ HW aO. 2022,

DaORQJHYLOOH HW aO. 2022
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2.4.3 SRcLaO

PURJUHVV LdHQWLI\LQJ VRcLaO LQdLcaWRUV aQd aVVRcLaWHd PHWKRdV IRU VRcLaO dLPHQVLRQV RI MPANV

KaV bHHQ VORZHU WKaQ HQYLURQPHQWaO aQd HcRORJLcaO dLPHQVLRQV. TKH UK PaULQH VWUaWHJ\, IRU

LQVWaQcH, dRHV QRW LQcOXdH aQ\ VRcLaO LQdLcaWRUV aSaUW IURP PRQLWRULQJ SUHVVXUHV IURP KXPaQ

acWLYLWLHV VXcK aV WUaZOLQJ, cRQWaPLQaQWV aQd aQWKURSRJHQLc QRLVH WKaW RccXU aW WKH LQWHUVHcWLRQ

bHWZHHQ SHRSOH aQd WKH HQYLURQPHQW. IQ cRQWUaVW, CaOLIRUQLa, OUHJRQ, aQd WR a OHVVHU H[WHQW

NHZ ZHaOaQd KaYH bHJXQ WR PaNH SURJUHVV ZLWK UHVSHcW WR dHYHORSLQJ VRcLaO LQdLcaWRUV IRU WKHLU

UHVSHcWLYH PaULQH SURWHcWHd aUHa QHWZRUNV. IQ JHQHUaO VRcLaO LQdLcaWRUV UHOaWHd WR PaULQH

SURWHcWHd aUHa QHWZRUNV dLVWLQJXLVK bHWZHHQ foXr core caWegories of indicaWors: liYelihoods,
healWh and safeW\, cXlWXre and idenWiW\, and social relaWionships. HRZHYHU, PXcK OLNH WKH

HQYLURQPHQWaO aQd HcRORJLcaO LQdLcaWRUV, Whe releYance of specific indicaWors are inflXenced
b\ siWe and neWZork conWe[Ws VXcK aV WKH UHOaWLYH LPSRUWaQcH RI dLIIHUHQW OLYHOLKRRdV, aQd WKH

inWeresWs, YalXes and needs of adjacenW commXniWies (MXKO HW aO. 2022). TKHVH cRQWH[WXaO

LQIOXHQcLQJ IacWRUV VKRXOd bH caUHIXOO\ accRXQWHd IRU LQ PRQLWRULQJ aQd aQaO\WLcaO IUaPHZRUNV.

FLUVW, WKH focXs on liYelihoods, and in parWicXlar fishing liYelihoods LV QRW VXUSULVLQJ JLYHQ

WKH SRWHQWLaO IRU adYHUVH LPSacWV RQ WKH OLYHOLKRRdV aQd ZHOO-bHLQJ RI LQdLYLdXaOV WKaW dHSHQd

XSRQ KaUYHVWLQJ PaULQH UHVRXUcHV. AOWKRXJK WKHUH LV VRPH HYLdHQcH WKaW ZHOO-PaQaJHd aQd

dHVLJQHd PaULQH SURWHcWHd aUHaV caQ LPSURYH \LHOdV ZLWK QHJOLJLbOH LPSacWV RQ cRVWV (KHUZaWK

HW aO. 2013, QX HW aO. 2021), WKH\ caQ aOVR cRQWULbXWH WR WKH PaUJLQaOL]aWLRQ RI ILVKHUV aQd WKH

cRPPXQLWLHV LQ ZKLcK WKH\ OLYH (CKULVWLH 2004; ScKUHLbHU HW aO. 2022) aQd add WR WKH cXPXOaWLYH

HIIHcWV RI WKUHaWV VXcK aV cOLPaWH cKaQJH (GLOO HW aO. 2022). MRQLWRULQJ WKH LPSacWV RI MPANV RQ

WKH OLYHOLKRRdV RI cRPPHUcLaO ILVKHUV WKXV SURYLdHV RSSRUWXQLWLHV IRU cRPPHUcLaO ILVKHUV aQd

PaQaJHUV WR XQdHUVWaQd WKH LPSacWV RI MPANV aQd LQIRUP adaSWLYH PaQaJHPHQW (aV LV HTXaOO\

WUXH IRU WUadLWLRQaO IQdLJHQRXV ILVKHULHV aQd UHcUHaWLRQaO ILVKHULHV). IQ CaOLIRUQLa, LQdLcaWRUV

UHOaWHd WR cRPPHUcLaO ILVKHULHV aUH dHULYHd SULPaULO\ IURP JHRJUaSKLcaOO\ dLVWULbXWHd RQOLQH IRcXV

JURXSV (dXH aW OHaVW LQ SaUW WR COVID-19 bHVW SUacWLcHV) WKaW cRPbLQHd LQdLYLdXaO VXUYH\V ZLWK

JURXS dLVcXVVLRQV. TKLV IRUPaW aOORZHd UHVHaUcKHUV WR cROOHcW LQdLYLdXaOL]Hd SHUVSHcWLYHV RQ

WRSLcV UaQJLQJ IURP percepWions of changes in access Wo harYesWable resoXrces and
liYelihood impacWs of MPAs aQd WKHQ dLJ dHHSHU WR SOacH WKHVH UHVXOWV LQ cRQWH[W WKURXJK

IRcXV JURXS dLVcXVVLRQV. IQ OUHJRQ, cKaQJHV LQ ILVKLQJ HIIRUW aQd LPSacWV ZHUH SULPaULO\

aVVHVVHd WKURXJK PRdHOV, VXUYH\V, aQd LQdLYLdXaO LQWHUYLHZV WKaW SHUPLWWHd LQVLJKWV abRXW

cHUWaLQ W\SHV RI LPSacWV bXW Pa\ QHJOHcW RWKHU W\SHV RI LPSacWV RU cRQcHUQV. MaQ\ H[SHUW

UHcRPPHQdaWLRQV aQd MPA PRQLWRULQJ acWLYLWLHV Pa\ aOVR cRQVLdHU LQcOXdLQJ LQdLcaWRUV UHOaWHd

118



WR WoXrism-based liYelihoods (PKaP 2020; PLcRQH HW aO. 2020; RaKPaQ HW aO. 2022). IQ

CaOLIRUQLa, aVVHVVPHQWV LQcOXdHd IRcXV JURXSV ZLWK cRPPHUcLaO SaVVHQJHU ILVKLQJ YHVVHOV.

OUHJRQ aVVHVVPHQWV cRPbLQHd bXVLQHVV VXUYH\V aQd VHcRQdaU\ daWaVHWV WR dHYHORS a bHWWHU

XQdHUVWaQdLQJ RI WKH LPSacWV RI MPAV RQ LQdLcaWRUV VXcK aV HPSOR\PHQW LQ WRXULVP (FR[ aQd

SZHaULQJHQ 2021) aQd SHUVSHcWLYHV RI ORcaO bXVLQHVVHV.

SHcRQd, PaQ\ H[SHUWV aQd PRQLWRULQJ SURJUaPV UHcRPPHQdHd PRYLQJ bH\RQd MXVW OLYHOLKRRdV

WR PRQLWRU WKH VWaWXV aQd WUHQdV RI RWKHU VRcLaO LQdLcaWRUV. MPAV caQ KaYH a UaQJH RI SRVLWLYH

aQd QHJaWLYH HIIHcWV RQ WKH KHaOWK aQd VaIHW\ RI SHRSOH. PURWHcWLRQ RI cHUWaLQ KabLWaWV, caQ IRU

LQVWaQcH, VHUYH WR UHdXcH WKH YXlnerabiliW\ of coasWal commXniWies WR H[WUHPH HYHQWV

(SRaQHV HW aO. 2021), aQd cRPbLQH ZLWK a UaQJH RI RWKHU VRcLaO, HcRQRPLc aQd JRYHUQaQcH

IacWRUV WR LQIOXHQcH WKHLU RYHUaOO YXlnerabiliW\ and adapWiYe capaciW\ of indiYidXals,
hoXseholds, and commXniWies (BaUQHV HW aO. 2020). HRZHYHU, b\ UHVWULcWLQJ acWLYLWLHV OLNH

ILVKLQJ, MPAV aQd LQ SaUWLcXOaU MPANV WKaW JURZ WR HQcRPSaVV OaUJH JHRJUaSKLc aUHaV caQ

KaYH VLJQLILcaQW QHJaWLYH LPSacWV RQ WKH abLOLWLHV RI QHaUb\ cRPPXQLWLHV WR KaYH access Wo
nXWriWioXs and affordable food aQd mainWain cXlWXral pracWices and WradiWions (BHQQHWW HW aO.

2021; GLOO HW aO. 2019). AV a UHVXOW LW LV LPSRUWaQW WR PRQLWRU WKH VWaWXV aQd WUHQdV RI WKHVH

LQdLcaWRUV WR LQIRUP adaSWLYH PaQaJHPHQW, ZKLcK UHTXLUHV WLPH aQd UHVRXUcHV WR ZRUN ZLWK

SaUWQHUV WR dHYHORS aQd RUJaQL]H VXUYH\V, LQWHUYLHZV, aQd/RU IRcXV JURXSV WR cROOHcW WKHVH daWa.

MPANV caQ aOVR JHQHUaWH RU H[acHUbaWH social conflicWs among and beWZeen dLIIHUHQW OHYHOV

RI JRYHUQPHQW, JRYHUQPHQW aJHQcLHV, aQd dLIIHUHQW JURXSV RI VWaNHKROdHUV (MHHKaQ HW aO.

2020). OQH RI WKH PaLQ VRXUcHV RI cRQIOLcW aVVRcLaWHd ZLWK MPAV LV UHOaWHd WR ILVKLQJ. FLVKHUV

Pa\ VHH MPAV aV a WKUHaW WR OLYHOLKRRdV, aV WKH\ UHVWULcW accHVV WR ILVKLQJ JURXQdV aQd caQ OLPLW

caWcKHV RU LQcUHaVH cRVWV. TKLV caQ OHad WR WHQVLRQV bHWZHHQ ILVKHUV aQd JRYHUQPHQW RU

PaQaJHPHQW aXWKRULWLHV, cRQVHUYaWLRQ RUJaQL]aWLRQV, aQd WRXULVP RSHUaWRUV SHUcHLYHd WR bHQHILW

IURP UHVWULcWLRQV (LRSHV HW aO. 2017). MRQLWRULQJ WKH VWaWXV aQd WUHQdV RI WHQVLRQV aUH LPSRUWaQW

aV WKH\ caQ SURYLdH a OHadLQJ LQdLcaWRU RI SRWHQWLaOO\ dLVUXSWLYH VRcLaO cRQIOLcWV WR adaSWLYHO\ aQd

SURacWLYHO\ PaQaJH WKHP aQd aYRLd bURadHU LPSacWV RQ WKH ORQJ-WHUP JRYHUQaQcH RI WKH MPA.

TKLUd aQd ILQaOO\, MPAN PaQaJHUV aQd VWaNHKROdHUV RIWHQ bHQHILW IURP LQcOXdLQJ LQdLcaWRUV RI

IacWRUV WKaW dR QRW dLUHcWO\ PHaVXUH LPSacWV, bXW indirecW driYers RI LPSacWV. TKHVH cRXOd

LQcOXdH cKaQJHV LQ ILVKLQJ LQSXWV cRVWV, PaUNHWV, aQd SULcHV WKaW Pa\ H[acHUbaWH HcRQRPLc

LPSacWV aQd WRXULVP PaUNHW LQIRUPaWLRQ abRXW HQYLURQPHQWaO SUHIHUHQcHV aQd PRWLYaWLRQV WKaW

caQ LQIRUP dHYHORSPHQW RI LQLWLaWLYHV, SURPRWLRQaO PaWHULaOV, aQd HdXcaWLRQaO acWLYLWLHV.
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Table 30: SXPPaU\ RI NH\ VRcLaO LQdLcaWRUV IRU MPAV aQd MPANV aORQJ ZLWK H[aPSOHV RI UHSUHVHQWaWLYH SaUaPHWHUV.

IndicaWor class RepresenWaWiYe ParameWers ValXe of InformaWion Ke\ MeWhods and ConsideraWions

LiYelihoods
Ɣ EPSOR\PHQW
Ɣ IQcRPH
Ɣ JRb VaWLVIacWLRQ
Ɣ PHUcHLYHd LPSacWV RQ

OLYHOLKRRdV
Ɣ MaWHULaO VW\OH RI OLIH
Ɣ FLVKLQJ SaWWHUQV
Ɣ PRYHUW\
Ɣ IPSacWV RQ bXVLQHVV

IQIRUPaWLRQ abRXW WKH VWaWXV aQd
WUHQdV RI RcHaQ-baVHd OLYHOLKRRdV,
HVSHcLaOO\ ILVKLQJ aQd WRXULVP caQ
SURYLdH YaOXabOH LQVLJKWV abRXW WKH
VRcLaO aQd HcRQRPLc LPSacWV RQ
JURXSV WKaW Pa\ IacH WKH PRVW
VLJQLILcaQW cRVWV aQd bHQHILWV IURP
MPAV aQd HQabOH adaSWLYH
PaQaJHPHQW.

DaWa cRQcHUQLQJ WKH VRcLaO aQd
HcRQRPLc LPSacWV RI MPAV RQ
OLYHOLKRRdV caQ bH cROOHcWHd LQ a YaULHW\
RI dLIIHUHQW Za\V, LQcOXdLQJ VHcRQdaU\
daWa aQaO\VLV RI cHQVXV RU RWKHU VLPLOaU
W\SHV RI daWaVHWV, VSaWLaOO\ H[SOLcLW
PRdHOV, VXUYH\V, LQWHUYLHZV, aQd IRcXV
JURXSV. A YaULHW\ RI PHWKRdV caQ bH
XVHd WR aQaO\]H daWa, UaQJLQJ IURP
bHIRUH-aIWHU-cRQWURO-LPSacW (BACI) aQd
RWKHU TXaQWLWaWLYH PHWKRdV WR
dHVcULSWLYH caVH VWXdLHV. IW LV aOVR
LPSRUWaQW WR cRQVLdHU WKaW ZKLOH
VHcRQdaU\ daWa aQd VXUYH\V JHQHUaOO\
IacLOLWaWH aQaO\VLV RI cHUWaLQ LPSacWV,
WKH\ Pa\ aOVR QHJOHcW RWKHU W\SHV RI
XQaQWLcLSaWHd LPSacWV RU SHUcHSWLRQV
WKaW cRXOd KHOS WR LPSURYH
PaQaJHPHQW.

HealWh and
SafeW\

Ɣ AccHVV WR IRRd
Ɣ FRRd VHcXULW\
Ɣ PHUcHSWLRQV RI KHaOWK
Ɣ EPRWLRQaO aQd PHQWaO

KHaOWK
Ɣ DLVaVWHU SUHSaUHdQHVV
Ɣ SHQVLWLYLW\ aQd adaSWLYH

caSacLW\

IQIRUPaWLRQ abRXW KHaOWK aQd VaIHW\
caQ JHQHUaWH LPSRUWaQW LQVLJKWV abRXW
KRZ MPAV aIIHcW WKH ZHOObHLQJ RI
cRPPXQLWLHV aQd RWKHU VWaNHKROdHUV
LQ a YaULHW\ RI dLUHcW aQd LQdLUHcW
Za\V.

DaWa RQ KHaOWK aQd VaIHW\ caQ bH
JaWKHUHd IURP a UaQJH RI dLIIHUHQW daWa
VRXUcHV, LQcOXdLQJ VHcRQdaU\ daWaVHWV,
VXUYH\V, LQWHUYLHZV aQd IRcXV JURXSV.
NRWabO\ MPAV Pa\ LQIOXHQcH VHQVLWLYLW\
WR dLVWXUbaQcHV aQd adaSWLYH caSacLW\
LQ a YaULHW\ RI dLIIHUHQW Za\V WKaW
RYHUOaS ZLWK RWKHU VRcLaO aQd
JRYHUQaQcH LQdLcaWRUV.
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IndicaWor class RepresenWaWiYe ParameWers ValXe of InformaWion Ke\ MeWhods and ConsideraWions

CXlWXre and
idenWiW\

Ɣ EQYLURQPHQWaO YaOXHV
Ɣ NRQ-XVH YaOXHV
Ɣ CXOWXUaO VLWHV/aUHaV
Ɣ CXOWXUaO SUacWLcHV

IQIRUPaWLRQ abRXW WKH YaOXHV JURXSV
KROd ZLWK UHVSHcW WR PaULQH
HQYLURQPHQWV SURYLdH LPSRUWaQW
LQIRUPaWLRQ WR LQIRUP SOaQQLQJ aQd
WUacN LPSacWV RQ WKH abLOLWLHV RI
JURXSV WR VaWLVI\ WKRVH YaOXHV.

DaWa UHOaWHd WR cXOWXUaO aVSHcWV RI
MPAV caQ bH cROOHcWHd WKURXJK
VXUYH\V, LQWHUYLHZV, aQd IRcXV JURXSV.
PaUWLcLSaWRU\ PaSSLQJ PHWKRdV aSSHaU
WR bH SaUWLcXOaUO\ XVHIXO IRU HOLcLWLQJ
YaOXHV aQd LdHQWLI\LQJ VSHcLILc ORcaWLRQV
WKaW VWaNHKROdHUV LdHQWLI\.

Social
relaWionships

Ɣ IQWHUQaO UHOaWLRQVKLSV
Ɣ E[WHUQaO UHOaWLRQVKLSV
Ɣ TUXVW
Ɣ LHYHOV RI cRQIOLcW

IQIRUPaWLRQ abRXW VRcLaO UHOaWLRQVKLSV
ZLWKLQ aQd acURVV JURXSV caQ
JHQHUaWH YaOXabOH LQVLJKWV abRXW KRZ
MPAV aUH LQIOXHQcLQJ WUXVW aQd VRcLaO
cRKHVLRQ ZLWKLQ cRPPXQLWLHV.

DaWa abRXW VRcLaO UHOaWLRQVKLSV aQd
cRQIOLcWV aUH JHQHUaOO\ cROOHcWHd WKURXJK
LQWHUYLHZV aQd VXUYH\V WKaW PHaVXUH
WUXVW, RU VWUHQJWK RI UHOaWLRQVKLSV ZLWK
dLIIHUHQW JURXSV. AcWLYLW\-baVHd daWa
IURP cRQIOLcW UHVROXWLRQ bRdLHV RU
UHcRUdV IURP SXbOLc PHHWLQJV RU UHSRUWV
Pa\ aOVR bH XVHd WR dHYHORS PHaVXUHV
RI cRQIOLcWV.

SRXUcHV: CaOLIRUQLa HXPaQ DLPHQVLRQV: CRPPHUcLaO & CPFV FLVKLQJ MRQLWRULQJ;OUHJRQ MaULQH RHVHUYHV HXPaQ DLPHQVLRQV RHVHaUcK MHHKaQ

HW aO. 2020, BUHVORZ HW aO. 2016
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2.4.4 GRYHUQaQcH

GRYHUQaQcH LQdLcaWRUV RI PaULQH SURWHcWHd aUHa QHWZRUNV HQcRPSaVV a Zide range of
dimensions, LQcOXdLQJ SUHVVXUHV RQ VRcLaO-HcRORJLcaO V\VWHPV, OHJaO aQd adPLQLVWUaWLYH

IRXQdaWLRQV, SURSHUW\ ULJKWV, VWaNHKROdHU SaUWLcLSaWLRQ, caSacLW\, LQWHJUaWLRQ, HQIRUcHPHQW,

PRQLWRULQJ aQd HYaOXaWLRQ, aQd HdXcaWLRQ aQd aZaUHQHVV, PRVW RI ZKLcK VHUYH WR HQabOH

HIIHcWLYH aQd OaVWLQJ cRQVHUYaWLRQ (OVWURP 1990; GXWLHUUH] HW Oa. 2013; CLQQHU HW aO. 2016; EdJaU

HW aO. 2016). IW LV LPSRUWaQW WR QRWH WKaW aOWKRXJK ZH KaYH LQcOXdHd SUHVVXUHV aV a JRYHUQaQcH

LQdLcaWRU, WKHUH aUH dHbaWHV aV WR ZKHUH LW bHORQJV. NRQHWKHOHVV, aV RQH RI WKH SULPaU\ JRaOV RI

MPAV aQd MPANV LV WR dHOLYHU cRQVHUYaWLRQ aQd OLYHOLKRRd bHQHILWV b\ aOOHYLaWLQJ aQWKURSRJHQLc

WKUHaWV, pressXre moniWoring proYides an imporWanW leading indicaWor of poWenWial benefiWs
WhaW can Wake \ears or decades Wo deYelop (EdJaU HW aO. 2015).

PUHVVXUH PRQLWRULQJ LQ MPANV UHTXLUHV dLIIHUHQW PHWKRdV WR aVVHVV ZKHWKHU PaQaJHPHQW LV

LQdXcLQJ cKaQJHV LQ KXPaQ bHKaYLRXU aQd LQIOXHQcLQJ WKH RYHUaOO PaJQLWXdH RI WKUHaWV. SSaWLaO

dLVWULbXWLRQ RI KXPaQ XVHV VXcK aV ILVKLQJ, aQd cKaQJHV UHVXOWLQJ IURP WKH dHVLJQaWLRQ RI MPAV

aQd MPANV KaYH bHHQ aVVHVVHd WKURXJK cRPbLQaWLRQV RI daWa IURP YHVVHO PRQLWRULQJ V\VWHPV

aQd ORJbRRNV (ELJaaUd HW aO. 2017; ZLHJOHU HW aO. 2022), SaUWLcLSaWRU\ PaSSLQJ (NRbOH HW aO.

2021), aQd VSaWLaOO\ H[SOLcLW PRdHOV5. LRJbRRNV aUH aOVR XVHd aV dLUHcW PHaVXUHV RI UHSRUWHd

b\caWcK RI cHUWaLQ VSHcLHV, RU XVHd aV a PRdHO LQSXW WR VXSSRUW HVWLPaWLRQ RI WRWaO b\caWcK. MRVW

RWKHU aQWKURSRJHQLc SUHVVXUHV, LQcOXdLQJ OLWWHU, cRQWaPLQaQWV aQd XQdHUZaWHU QRLVH, aUH

cROOHcWHd WKURXJK LQ-VLWX PRQLWRULQJ RU VaPSOLQJ RI ZaWHU, VHdLPHQWV, aQd bLRWa WR aVVHVV

cRQcHQWUaWLRQV RU OHYHOV UHOaWLYH WR VRPH bHQcKPaUN.

MRQLWRULQJ RI JRYHUQaQcH LQdLcaWRUV, LQcOXdLQJ legal and adminisWraWiYe frameZorks, properW\
righWs, sWakeholder parWicipaWion, capaciW\, inWegraWion, enforcemenW, enYironmenWal
moniWoring, and edXcaWion and knoZledge caQ bH aVVHVVHd LQ a YaULHW\ RI Za\V. TKHVH

LQcOXdH desk-based assessmenWs RI OHJaO dRcXPHQWV, PaQaJHPHQW SOaQV, aQd bXdJHWV WR

aVVHVV WKH adHTXac\ RI OHJLVOaWLRQ; aVVHVVPHQWV Pa\ aOVR cRQVLdHU UXOHV IRU HPSRZHULQJ

PaQaJHPHQW aXWKRULWLHV, HVWabOLVKLQJ WKH SURSHUW\ ULJKWV RI VWaNHKROdHUV, aQd HQabOLQJ cRUH

acWLYLWLHV VXcK aV SaWUROV, HQYLURQPHQWaO PRQLWRULQJ aQd aZaUHQHVV UaLVLQJ. AcWiYiW\-based
indicaWors, PHaQZKLOH, caQ aOVR bH XVHd WR SURYLdH KLJK OHYHO PHaVXUHV RI JRYHUQaQcH

5 DHcLVLRQV QHHd WR bH PadH abRXW KRZ aQd ZKHUH WR LQcOXdH KXPaQ SUHVVXUHV PRQLWRULQJ. HXPaQ
acWLYLWLHV LQdLcaWRUV UHOaWH WR JRYHUQaQcH bXW aUH aOVR VRcLaO LQdLcaWRUV WKaW LQIOXHQcH HcRORJLcaO
HIIHcWLYHQHVV.
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dLPHQVLRQV b\, IRU LQVWaQcH, UHSRUWLQJ WKH QXPbHU RI SXbOLc PHHWLQJV (VWaNHKROdHU SaUWLcLSaWLRQ),

WUaLQLQJ VHVVLRQV (caSacLW\), SaWUROV (HQIRUcHPHQW), VXUYH\V (HQYLURQPHQWaO PRQLWRULQJ) aQd

HdXcaWLRQaO HYHQWV (HdXcaWLRQ aQd NQRZOHdJH). HRZHYHU, ZKHUHYHU SRVVLbOH SULPaU\ daWa

cROOHcWHd WKURXJK sWakeholder sXrYe\s, inWerYieZs, and/or focXs groXps are preferred WR

dHVN-baVHd aVVHVVPHQWV aQd acWLYLW\-baVHd LQdLcaWRUV WR HQVXUH WKaW acWLYLWLHV aUH KaYLQJ WKHLU

LQWHQdHd LPSacWV. FRU H[aPSOH, aOWKRXJK PRUH SXbOLc PHHWLQJV LV JHQHUaOO\ cRQdXcLYH WR

VWaNHKROdHU SaUWLcLSaWLRQ, LW dRHV QRW QHcHVVaULO\ HQVXUH UHSUHVHQWaWLRQ RI WKH YRLcHV, LQWHUHVWV

aQd QHHdV RI aOO VWaNHKROdHUV. AV a UHVXOW LW LV RIWHQ bHVW WR cRPbLQH acWLYLW\-baVHd LQdLcaWRUV

WKaW dHWaLO WKH QXPbHU aQd dLYHUVLW\ RI SaUWLcLSaQWV, aORQJ ZLWK LQdLcaWRUV dHULYHd IURP VXUYH\V,

LQWHUYLHZV, aQd/RU IRcXV JURXSV WR dHYHORS a bHWWHU XQdHUVWaQdLQJ RI WKH H[SHULHQcHV aQd

SHUcHSWLRQV RI WKRVH SaUWLcLSaQWV.
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Table 31: SXPPaU\ RI NH\ JRYHUQaQcH LQdLcaWRUV IRU MPAV aQd MPANV aORQJ ZLWK H[aPSOHV RI UHSUHVHQWaWLYH SaUaPHWHUV.

IndicaWor Class RepresenWaWiYe
ParameWers

ValXe of InformaWion Ke\ MeWhods and
ConsideraWions

HXman AcWiYiW\
PressXres

Ɣ B\caWcK (IRU MPAV
WKaW aOORZ VRPH
W\SHV RI ILVKLQJ)

Ɣ UQdHUZaWHU QRLVH
Ɣ LLWWHU
Ɣ CRQWaPLQaQWV
Ɣ SSaWLaO dLVWULbXWLRQ

RI WKUHaWV

IQIRUPaWLRQ abRXW SUHVVXUHV SURYLdH OHadLQJ
LQdLcaWRUV RI WKH HIIHcWLYHQHVV RI
PaQaJHPHQW PHaVXUHV WKaW Pa\ WaNH \HaUV
WR dHcadHV RU PRUH WR WUaQVOaWH LQWR dHVLUHd
VRcLaO aQd HcRORJLcaO RXWcRPHV. SRPH
LQdLcaWRUV, VXcK aV WKH VSaWLaO dLVWULbXWLRQ RI
WKUHaWV caQ aOVR SURYLdH LQIRUPaWLRQ abRXW
H[WHUQaOLWLHV RI PaQaJHPHQW acWLRQV

DaWa IRU SUHVVXUH PRQLWRULQJ
daWa caQ bH cROOHcWHd LQ a YaULHW\
RI Za\V, LQcOXdLQJ YHVVHO
PRQLWRULQJ aQd LQ-VLWX VaPSOLQJ
RI ZaWHU, VHdLPHQWV aQd/RU bLRWa.
SSaWLaO PRdHOV aQd RWKHU
VWaWLVWLcaO WHcKQLTXHV caQ bH
XVHd WR H[WUaSROaWH HVWLPaWHV WR
OaUJHU aUHaV.

Legal and
adminisWraWiYe
frameZorks

Ɣ AdHTXac\ RI
OHJLVOaWLRQ

Ɣ E[LVWHQcH RI a
PaQaJHPHQW bRd\

Ɣ E[LVWHQcH RI a
PaQaJHPHQW SOaQ

IQIRUPaWLRQ abRXW WKH OHJaO aQd
adPLQLVWUaWLYH IRXQdaWLRQV RI cOHaUO\ dHILQHd
UXOHV WKaW HVWabOLVK PaQaJHPHQW bRdLHV,
SOaQ, aQd HQVXUH aZaUHQHVV RI UXOHV aQd
UHJXOaWLRQV KHOS WR SURYLdH a IRXQdaWLRQ IRU
OaVWLQJ aQd HIIHcWLYH cRQVHUYaWLRQ b\
SURYLdLQJ PHcKaQLVPV IRU JRYHUQLQJ
MPANV.

IQdLcaWRUV IRU OHJaO aQd
adPLQLVWUaWLYH IUaPHZRUNV caQ
bH aVVHVVHd WKURXJK dHVN-baVHd
aVVHVVPHQWV WKaW PHaVXUH WKH
SUHVHQcH RU abVHQcH RI cHUWaLQ
HOHPHQWV RU PXOWL-VWaNHKROdHU
IRcXV JURXSV aQd VXUYH\V WKaW
aVVHVV WKH adHTXac\ RI WKRVH
HOHPHQWV.

ProperW\ righWs Ɣ AccHVV ULJKWV
Ɣ UVH ULJKWV
Ɣ MaQaJHPHQW ULJKWV
Ɣ E[cOXVLRQ ULJKWV

IQIRUPaWLRQ abRXW VWaNHKROdHU ULJKWV WR
accHVV, XVH, aQd cRQWULbXWH WR WKH
PaQaJHPHQW RI QaWXUaO UHVRXUcHV SURYLdHV
LQVLJKWV abRXW adKHUHQcH WR OHJaO
UHTXLUHPHQWV (ZKHUH aSSOLcabOH) aQd
LQcHQWLYHV, RSSRUWXQLWLHV aQd cRQVWUaLQWV
dLIIHUHQW VWaNHKROdHUV IacH aV a UHVXOW RI WKH
MPAN.

IQdLcaWRUV IRU SURSHUW\ ULJKWV caQ
bH aVVHVVHd WKURXJK dHVN-baVHd
aVVHVVPHQWV WKaW PHaVXUH WKH
SUHVHQcH RU abVHQcH RI OHJaO
ULJKWV IRU HacK JURXS RI
VWaNHKROdHUV RU
VWaNHKROdHU-VSHcLILc IRcXV
JURXSV aQd VXUYH\V WKaW aVVHVV
WKHLU SHUcHSWLRQV RI WKRVH ULJKWV.
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IndicaWor Class RepresenWaWiYe
ParameWers

ValXe of InformaWion Ke\ MeWhods and
ConsideraWions

SWakeholder
parWicipaWion

Ɣ IQWHUacWLRQ ZLWK
VWaNHKROdHUV

Ɣ LHYHO RI VWaNHKROdHU
SaUWLcLSaWLRQ

Ɣ LHYHO RI VWaNHKROdHU
VXSSRUW

IQIRUPaWLRQ abRXW SaUWLcLSaWLRQ LQ
cRQVHUYaWLRQ SOaQQLQJ, PaQaJHPHQW, aQd
HYaOXaWLRQ SURYLdHV LQVLJKWV abRXW OHYHOV RI
VWaNHKROdHU LQWHUHVW aQd VXSSRUW IRU MPANV
aQd WKH W\SHV RI NQRZOHdJH WKaW aUH XVHd WR
LQIRUP SOaQQLQJ aQd adaSWLYH PaQaJHPHQW.

PaUWLcLSaWLRQ caQ bH aVVHVVHd
XVLQJ a YaULHW\ RI dLIIHUHQW
PHWKRdV, LQcOXdLQJ aQaO\VLV RI
VHcRQdaU\ daWa VXcK aV UHcRUdV
RI aWWHQdaQcH aW SXbOLc PHHWLQJV
RU VXUYH\V, LQWHUYLHZV, aQd IRcXV
JURXSV WKaW aVVHVV bRWK
SaUWLcLSaWLRQ aQd SHUcHSWLRQV RI
VWaNHKROdHU LQIOXHQcH.

CapaciW\ Ɣ AdHTXaWH KXPaQ
UHVRXUcHV

Ɣ TUaLQLQJ
Ɣ RHOLabOH IXQdLQJ

IQIRUPaWLRQ abRXW KXPaQ UHVRXUcHV aQd
ILQaQcLaO caSacLW\ SURYLdHV LQVLJKWV LQWR WKH
adHTXac\ RI VNLOOV, NQRZOHdJH, WLPH, aQd
UHVRXUcHV WKaW PaQaJHPHQW SRVVHVVHV WR
XQdHUWaNH PaQaJHPHQW IXQcWLRQV.

CaSacLW\ caQ bH aVVHVVHd XVLQJ
a YaULHW\ RI PHWKRdV, LQcOXdLQJ
dHVN-baVHd aVVHVVPHQWV RI
IHaWXUHV VXcK aV cRXQWV RI
KXPaQ UHVRXUcHV, bXdJHWV,
WUaLQLQJ acWLYLWLHV, RU
PXOWL-VWaNHKROdHU IRcXV JURXSV
aQd VXUYH\V WKaW aVVHVV WKH
adHTXac\ RI KXPaQ aQd ILQaQcLaO
UHVRXUcHV.

InWegraWion Ɣ LHYHO RI UHJLRQaO
cRRSHUaWLRQ

Ɣ IQWHJUaWHd
PaQaJHPHQW
PHaVXUHV

Ɣ GRYHUQaQcH
QHWZRUNV

IQIRUPaWLRQ abRXW LQWHJUaWLRQ SURYLdHV
LQVLJKWV abRXW WKH H[WHQW WR ZKLcK SROLcLHV
aQd JRYHUQaQcH V\VWHPV acURVV dLIIHUHQW
OHYHOV RI JRYHUQPHQW, aJHQcLHV aQd
PaQaJHPHQW aXWKRULWLHV aUH cRRUdLQaWHd WR
acKLHYH WKH RbMHcWLYHV RI a PaQaJHPHQW
SOaQ. IQ JHQHUaO, HIIHcWLYH PaQaJHPHQW LV
HQabOHd b\ cRRUdLQaWHd SROLcLHV aQd
QHWZRUNV acURVV UHOHYaQW acWRUV.

IQWHJUaWHd PaQaJHPHQW caQ bH
aVVHVVHd XVLQJ a YaULHW\ RI
PHWKRdV, LQcOXdLQJ dHVN-baVHd
aVVHVVPHQWV RI JRYHUQaQcH
QHWZRUNV aQd SROLcLHV
cRRSHUaWLRQ baVHd RQ PHHWLQJ
UHcRUdV aQd SROLcLHV, RU VXUYH\V
aQd LQWHUYLHZV WKaW cROOHcW dHWaLOV
RQ SHUcHLYHd OHYHOV RI LQWHJUaWLRQ
aQd QHWZRUN WLHV.
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IndicaWor Class RepresenWaWiYe
ParameWers

ValXe of InformaWion Ke\ MeWhods and
ConsideraWions

EnforcemenW Ɣ CRPSOLaQcH
Ɣ NXPbHU RI RIIHQVHV
Ɣ NXPbHU RI SaWUROV
Ɣ EQIRUcHPHQW bXdJHW

IQIRUPaWLRQ abRXW cRPSOLaQcH aQd
HQIRUcHPHQW SURYLdHV LPSRUWaQW LQVLJKWV
abRXW WKH H[WHQW WR ZKLcK OHYHOV RI SURWHcWLRQ
RXWOLQHd LQ PaQaJHPHQW SOaQV aQd UXOHV aUH
LQ SOacH, OHYHOV RI dHWHUUHQcH aQd
VWaNHKROdHU accHSWaQcH, aQd ZKHUH dHWaLOHd
VSaWLaOO\ H[SOLcLW daWa aUH aYaLOabOH caQ
LQIRUP adaSWLYH PaQaJHPHQW b\ adaSWLQJ
UXOHV RU HQIRUcHPHQW SURcHVVHV.

EQIRUcHPHQW LV JHQHUaOO\
aVVHVVHd RQ WKH baVLV RI
acWLYLW\-baVHd LQIRUPaWLRQ aQd
dHVN-baVHd aVVHVVPHQWV.
DHWaLOHd VSaWLaOO\-H[SOLcLW daWa
abRXW UXOH YLROaWLRQV caQ KHOS WR
LPSURYH UXOHV aQd/RU LPSURYH
SaWUROV aQd HQIRUcHPHQW
acWLYLWLHV.

EdXcaWion and
knoZledge

Ɣ EdXcaWLRQaO HYHQWV
Ɣ AZaUHQHVV RI UXOHV

aQd UHJXOaWLRQV
Ɣ AZaUHQHVV RI MPAN

IQIRUPaWLRQ abRXW HQYLURQPHQWaO PRQLWRULQJ
SURYLdHV LQVLJKWV abRXW WKH H[WHQW WR ZKLcK
VWaNHKROdHUV aQd RWKHU acWRUV aUH aZaUH RI
WKH MPAN, UXOHV aQd UHJXOaWLRQV aQd caQ
KHOS WR bXLOd VXSSRUW b\ VKaULQJ NQRZOHdJH
RI SRWHQWLaO bHQHILWV aQd PHcKaQLVPV.

EdXcaWLRQ aQd NQRZOHdJH LV
JHQHUaOO\ aVVHVVHd RQ WKH baVLV
RI acWLYLW\-baVHd LQIRUPaWLRQ aQd
VWaNHKROdHU VXUYH\V. AcWLYLW\
UHSRUWLQJ W\SLcaOO\ IRcXVHV RQ WKH
QXPbHU RI HdXcaWLRQaO HYHQWV RU
SaUWLcLSaQWV, ZKLOH VXUYH\V IRcXV
RQ aZaUHQHVV.

SRXUcHV: NHZ ZHaOaQd MRQLWRULQJ POaQ; CaOLIRUQLa HXPaQ DLPHQVLRQV: CRPPHUcLaO & CPFV FLVKLQJ MRQLWRULQJ;OUHJRQ MaULQH RHVHUYHV HXPaQ

DLPHQVLRQV RHVHaUcK MHHKaQ HW aO. 2020, BUHVORZ HW aO. 2016
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2.5 IndicaWor SelecWion Process

2.5.1 IQdLcaWRU SHOHcWLRQ FUaPHZRUNV aQd CULWHULa

AOWKRXJK a ZLdH UaQJH RI SRWHQWLaO PRQLWRULQJ LQdLcaWRUV H[LVW WKaW aUH UHOHYaQW WR MPAV, QRW aOO

SURYLdH HTXaO LQIRUPaWLRQ IRU a VSHcLILc PaQaJHPHQW cRQWH[W. AV a UHVXOW, a VPaOOHU aQd PRUH

PaQaJHabOH VXbVHW RI LQdLcaWRUV aUH XVXaOO\ cKRVHQ WKURXJK a cROOabRUaWLYH SaUWLcLSaWRU\

SURcHVV WKaW VHHNV WR baOaQcH PaQ\ cRQVLdHUaWLRQV, LQcOXdLQJ VcLHQWLILc aQd cRPPXQLW\

NQRZOHdJH aQd YaOXHV, UHOHYaQcH IRU PaQaJHPHQW QHHdV, aQd IHaVLbLOLW\ JLYHQ caSacLW\ aQd

UHVRXUcH cRQVWUaLQWV XVLQJ SUHdHILQHd LQdLcaWRU VHOHcWLRQ cULWHULa (Ha\HV HW aO. 2015, PHQdUHd HW

aO. 2016, HR HW aO. 2018, HXPPHO HW aO. 2022, CaUdRVR-AQdUadH HW aO. 2022). FROORZLQJ WKH

HVWabOLVKPHQW RI cOHaU MPAN JRaOV aQd RbMHcWLYHV LQ SULRU VWHSV, a W\SLcaO LQdLcaWRU VHOHcWLRQ

SURcHVV XQIROdV acURVV a VHULHV RI cRPPRQ VWHSV VXPPaUL]Hd bHORZ aQd LQ FLJXUH 17.

FLUVW, LW LV QHcHVVaU\ WR (1) define baseline condiWions acURVV WKH aUHa RI LQWHUHVW. TKLV VWHS

PLJKW LQcOXdH LdHQWLI\LQJ WKH YaOXHd cRPSRQHQWV RI LQWHUHVW WKURXJK aQ LQcOXVLYH SaUWLcLSaWRU\

SURcHVV; LdHQWLI\LQJ WKH WKUHaWV WR WKHVH YaOXHd cRPSRQHQWV aQd WKHLU aQWLcLSaWHd UHVSRQVHV

WKURXJK H[SHUW NQRZOHdJH, OLWHUaWXUH UHYLHZ, aQd WKH cUHaWLRQ RI cRQcHSWXaO PRdHOV OLQNLQJ

acWLYLWLHV WR SUHVVXUHV WR LPSacWV; aQd dHYHORSLQJ MPA PaQaJHPHQW JRaOV aQd RbMHcWLYHV. IQ

WKH caVH RI MPANV, WKHVH VWHSV KaYH XVXaOO\ aOUHad\ WaNHQ SOacH aV SaUW RI WKH MPAN dHVLJQ

SURcHVV SULRU WR bHJLQQLQJ ZRUN RQ a PRQLWRULQJ VWUaWHJ\. HRZHYHU, WKLV c\cOH Pa\ bH UHSHaWHd

WR dHYHORS a PRQLWRULQJ IUaPHZRUN aQd LQdLcaWRUV WKaW aUH WaLORUHd WR WKH PaQaJHPHQW

RbMHcWLYHV RI LQdLYLdXaO VXb-UHJLRQV RU MPA VLWHV ZLWKLQ WKH QHWZRUN (Ha\HV HW aO. 2015).

NH[W, a OLVW RI (2) candidaWe indicaWors are compiled WKaW UHOaWH WR JRaOV aQd RbMHcWLYHV. TKLV

VWHS XVXaOO\ bHJLQV b\ dRcXPHQWLQJ H[LVWLQJ LQdLcaWRUV WKaW aUH aOUHad\ bHLQJ PRQLWRUHd acURVV

WKH aUHa RI LQWHUHVW ZKLcK caQ WaNH adYaQWaJH RI H[LVWLQJ caSacLW\ aQd SURWRcROV, SURPRWH

VWaQdaUdL]aWLRQ, aQd KHOS WR PaLQWaLQ WLPH VHULHV ZKHUH PRQLWRULQJ ZaV aOUHad\ RccXUULQJ aW

MPA VLWHV SULRU WR dHVLJQaWLRQ (PHOOHWLHU 2020). TKH LQLWLaO OLVW RI caQdLdaWH LQdLcaWRUV caQ WKHQ bH

aVVHVVHd aJaLQVW WKH QHZ MPA PaQaJHPHQW RbMHcWLYHV WR LdHQWLI\ JaSV aQd H[SaQdHd aV

QHHdHd WR LQcOXdH QHZ LQdLcaWRUV dUaZQ IURP H[SHUW NQRZOHdJH, caVH VWXdLHV, RU OLWHUaWXUH

UHYLHZ dRcXPHQWLQJ cXUUHQW bHVW SUacWLcH.

CaQdLdaWH LQdLcaWRUV aUH WKHQ VcUHHQHd WKURXJK aQ (3) indicaWor prioriWi]aWion process WR

HVWabOLVK WKHLU ILW XVLQJ SUHdHILQHd LQdLcaWRU VHOHcWLRQ cULWHULa baVHd RQ cRQVLdHUaWLRQV VXcK aV

aV WKHLU UHOHYaQcH WR PaQaJHPHQW, cRQcHSWXaO YaOLdLW\, VHQVLWLYLW\ WR HQYLURQPHQWaO cKaQJH,
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PHaVXUabLOLW\, XQdHUVWaQdabLOLW\, aQd IHaVLbLOLW\, aPRQJ RWKHUV (RLcH aQd RRcKHW 2005, SPLW HW

aO. 2021). NXPHURXV LQdLcaWRU VHOHcWLRQ cULWHULa H[LVW IRU VHOHcWLQJ HQYLURQPHQWaO aQd HcRORJLcaO

LQdLcaWRUV IRU PaULQH aQd cRaVWaO VHWWLQJV (H.J., RLcH aQd RRcKHW 2005; KHUVKQHU HW aO. 2011,

SPLW HW aO. 2021, CaUdRVR-AQdUadH HW aO. 2022) ZKLOH a PXcK VPaOOHU VXbVHW RI IUaPHZRUNV RIIHU

JXLdaQcH IRU WKH VHOHcWLRQ RI VRcLaO, bLRcXOWXUaO, aQd ZHOO-bHLQJ LQdLcaWRUV (H.J., BUHVORZ HW aO.

2018, DHRR\ HW aO. 2019, MXKO HW aO. 2022), UHIOHcWLQJ WKH bURadHU KLVWRULcaO bLaV WRZaUdV

bLRSK\VLcaO LQdLcaWRUV IRU MPA HYaOXaWLRQ WR daWH (MHHKaQ HW aO. 2020, O¶LHaU\ HW aO. 2021).

IPSRUWaQWO\, UeOeYaQce WR RQe RU PRUe Ne\ PaQagePeQW TXeVWiRQV, RbjecWiYeV, aQd OeYeUV
VhRXOd be RQe Rf Whe PRVW iPSRUWaQW VeOecWiRQ cUiWeUia IRU LQdLcaWRUV WR HQVXUH WKaW

PRQLWRULQJ daWa ZLOO bH XVHIXO IRU dHcLVLRQ-PaNLQJ. A UHSUHVHQWaWLYH OLVW RI cRPPRQ LQdLcaWRU

VHOHcWLRQ cULWHULa XVHd IRU WKH SULRULWL]aWLRQ RI LQdLcaWRUV RI PaULQH aQd MPA PaQaJHPHQW

HIIHcWLYHQHVV aUH VXPPaUL]Hd LQ TabOH 32. HRZHYHU, HacK MPA QHWZRUN W\SLcaOO\ cKRRVHV a

VXbVHW RI VHOHcWLRQ cULWHULa IURP WKLV bURadHU µPHQX¶ WR VXLW LWV VSHcLILc cRQWH[W aQd PaQaJHPHQW

QHHdV.

IQdLcaWRU VHOHcWLRQ LV W\SLcaOO\ caUULHd RXW WKURXJK VRPH cRPbLQaWLRQ RI OLWHUaWXUH UHYLHZ, ZKLcK

caQ SURYLdH PRUH ULJRURXV VcRULQJ bXW Pa\ aOVR bH WLPH aQd UHVRXUcH LQWHQVLYH, aQd

H[SHUW-dULYHQ aSSURacKHV, ZKLcK aUH IaVW aQd HIILcLHQW bXW Pa\ bH VXbMHcW WR PRUH bLaV aQd

LQIRUPaWLRQ JaSV (BURZQ HW aO. 2019). IQ VRPH caVHV, LQdLcaWRU VHOHcWLRQ Pa\ aOVR bH baVHd RQ

VLPXOaWLRQ PRdHOOLQJ IRU µSHUIRUPaQcH-WHVWLQJ¶ RI LQdLcaWRUV XQdHU dLIIHUHQW PaQaJHPHQW

cRQWH[WV WR LdHQWLI\ WKRVH LQdLcaWRUV WKaW \LHOd WKH PRVW cRQVLVWHQW aQd dLUHcWLRQaO VLJQaOV RI MPA

HIIHcWLYHQHVV acURVV dLIIHUHQW SUHVVXUH VcHQaULRV dHVSLWH HQYLURQPHQWaO YaULabLOLW\ RU XQcHUWaLQW\

(Ha\HV HW aO. 2015, BURZQ HW aO. 2023). TKH aSSURacK WKaW LV XOWLPaWHO\ VHOHcWHd ZLOO JHQHUaOO\

dHSHQd RQ VWaII, WLPH, aQd ILQaQcLaO cRQVWUaLQWV RQ WKH SURcHVV.

FRU VHOHcWHd LQdLcaWRUV, WKH QH[W VWHSV LQcOXdH (4) implemenWaWion planning WKRXJK indicator

validation RI bRWK H[LVWLQJ LQdLcaWRUV (H.J., WR aVVHVV VSaWLaO JaSV LQ cRYHUaJH UHOaWLRQ WR MPA

VLWHV) aQd QHZ LQdLcaWRUV (H.J., WR caUU\ RXW SLORW WHVWLQJ RI PHWKRdV aQd IHaVLbLOLW\ LQ ILHOd

VWXdLHV), LdHQWLILcaWLRQ RI WKH reference state, aQd LdHQWLILcaWLRQ RI thresholds and targets IRU WKH

LQdLcaWRU LQ UHOaWLRQ WR PaQaJHPHQW JRaOV aQd RbMHcWLYHV.

MXcK OLNH MPA PaQaJHPHQW LWVHOI, LQdLcaWRU VHOHcWLRQ VKRXOd aOORZ IRU adaSWLYH PaQaJHPHQW

aOORZLQJ IRU (5) implemenWaWion, reporWing, and refinemenW RYHU WLPH, IRU H[aPSOH, b\ VWaUWLQJ

RXW ZLWK a bURadHU VXbVHW RI LQdLcaWRUV aQd UHILQLQJ PHWKRdV, cRQVROLdaWLQJ aQd dURSSLQJ

LQdLcaWRUV WKaW aUH QRW SURYLdLQJ VXIILcLHQW YaOXH RI LQIRUPaWLRQ RU SURYLQJ LPSUacWLcaO ZKHQ
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aSSOLHd LQ WKLV QHZ cRQWH[W, aQd SRWHQWLaOO\ addLQJ QHZ LQdLcaWRUV aV QRYHO WHcKQLTXHV HPHUJH

WKaW aUH bHWWHU VXLWHd WR PRQLWRULQJ QHHdV (LRK HW aO. 2019).

FigXre 17: CRQcHSWXaO IUaPHZRUN IRU aQ LQdLcaWRU VHOHcWLRQ aQd SULRULWL]aWLRQ SURcHVV. RHSURdXcHd IURP

SPLW HW aO. (2021) aQd HR HW aO. (2018).
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Table 32: RHSUHVHQWaWLYH LQdLcaWRU VHOHcWLRQ cULWHULa XVHd LQ SULRU PaULQH aQd MPA PRQLWRULQJ

IUaPHZRUNV, aQd a VXbVHW RI cULWHULa LV cKRVHQ WR VXLW WKH cRQWH[W aQd PaQaJHPHQW QHHdV RI HacK MPAN.

CaWegor\ CriWerion ConsideraWions

ManagemenW
CriWeria

ReOeYaQW

TKH LQdLcaWRU LV VRcLR-HcRORJLcaOO\ aQd JHRJUaSKLcaOO\ UHOHYaQW aQd
addUHVVHV aW OHaVW RQH MPA GRaOV aQd ObMHcWLYHV, dLPHQVLRQ
(HQYLURQPHQWaO, HcRORJLcaO, VRcLaO, JRYHUQaQcH), RU
dHcLVLRQ-PaNLQJ/PaQaJHPHQW OHYHU.

CRPSUeheQViYe TKH LQdLcaWRU addUHVVHV PRUH WKaQ RQH JRaO, RbMHcWLYH, dLPHQVLRQ
(H.J., bLR-cXOWXUaO LQdLcaWRUV), PaQaJHPHQW OHYHU, RU MPA VLWH.

UQdeUVWaQdabOe

TKH LQdLcaWRU LV VLPSOH aQd LQWXLWLYH WR H[SOaLQ, KaV VRPH OHYHO RI
SXbOLc aZaUHQHVV RU UHcRJQLWLRQ WKURXJK SULRU SXbOLc RXWUHacK RU
UHSRUWLQJ, aQd caQ bH OLQNHd WR cRPPXQLW\, cXOWXUaO, aQd/RU
SOacH-baVHd YaOXHV.

CR-deYeORSed
TKH LQdLcaWRU KaV bHHQ dHYHORSHd LQ cROOabRUaWLRQ ZLWK cRPPXQLWLHV
LW PHaVXUHV, aQd/RU ZLWK cROOabRUaWRUV ZKR ZLOO bH LQYROYHd LQ
PHaVXUHPHQW.

Technical
CriWeria

TheRUeWicaOO\
SRXQd

A bRd\ RI HYLdHQcH H[LVWV WR dHPRQVWUaWH a UHOaWLRQVKLS bHWZHHQ WKH
LQdLcaWRU aQd NH\ YaOXHV, VWUHVVRUV, RU PaQaJHPHQW acWLRQV RI
LQWHUHVW, aQd LdHaOO\ bHQcKPaUNV RU WKUHVKROdV, VXcK WKaW WKH
LQdLcaWRU acWV aV a UHOLabOH VXUURJaWH.

SeQViWiYe TKH LQdLcaWRU SUHdLcWabO\ UHIOHcWV WKH cKaQJLQJ VWaWXV RI WKH YaOXH,
SUHVVXUH, aQd/RU PaQaJHPHQW acWLRQ RI LQWHUHVW.

ScaOabOe

TKH LQdLcaWRU LV VSaWLaOO\ UHOHYaQW acURVV WKH JHRJUaSKLc aUHa RI
LQWHUHVW, LV RI VXIILcLHQW VSaWLaO aQd WHPSRUaO UHVROXWLRQ WR LQIRUP
PaQaJHPHQW, aQd caQ bH XVHd aW PXOWLSOH VcaOHV RI HcRORJLcaO RU
VRcLaO RUJaQL]aWLRQ. TKLV cULWHULRQ Pa\ aOVR LQcOXdH cRQVLdHUaWLRQV RI
cRPSaWLbLOLW\ ZLWK H[LVWLQJ UHJLRQaO RU QaWLRQaO LQdLcaWRUV WR
cRQWH[WXaOL]H ORcaO cKaQJHV LQ HcRV\VWHP VWaWXV.

ReVSRQViYe

CRQVLdHUV WKH UaWH aW ZKLcK WKH LQdLcaWRU UHVSRQdV WR cKaQJHV LQ
YaOXHV RI cRQcHUQ. µLHadLQJ¶ LQdLcaWRUV PHaVXUH cRQdLWLRQV WKaW PLJKW
IRUHVKadRZ cKaQJHV, ZKHUHaV µOaJJLQJ¶ LQdLcaWRUV PHaVXUH ZKHWKHU
WKH YaOXH LWVHOI LV aIIHcWHd aQd b\ KRZ PXcK. IQ addLWLRQ, LQdLcaWRUV
Pa\ aOVR bH cOaVVLILHd aV µIaVW¶ RU µVORZ¶ LQ WHUPV RI KRZ UaSLdO\ WKH\
UHVSRQd WR cKaQJHV LQ WKH YaOXH RI LQWHUHVW. BRWK W\SHV RI YaULabOHV
aUH LPSRUWaQW. FRU H[aPSOH, MPA LQdLcaWRUV dLUHcWO\ WLHd WR cKaQJHV
LQ LPSRUWaQW YaOXHV RI LQWHUHVW aUH RIWHQ VORZ, OaJJLQJ LQdLcaWRUV (H.J.,
cKaQJHV LQ bLRPaVV RI VORZ-JURZLQJ ILVK) aQd VKRXOd bH SaLUHd ZLWK
IaVW RU OHadLQJ LQdLcaWRUV (H.J., ILVKLQJ HIIRUW, aQQXaO UHcUXLWPHQW
UaWHV) WR SURYLdH HaUO\ LQdLcaWRUV WR LQIRUP a SURacWLYH PaQaJHPHQW
UHVSRQVH (WaONHU HW aO. 2012, KaXU HW aO. 2020, JacR aQd SWHHOH
2020).

ReOiabOe
AccXUaWH aQd URbXVW, WKaW LV, PHaVXUHd ZLWK a ORZ UaWH RI HUURU, QRW
HaVLO\ cRQIRXQdHd b\ H[WHUQaO VRXUcHV RI YaULabLOLW\ aQd XQcHUWaLQW\,
aQd XQaPbLJXRXV LQ WKH LQWHUSUHWaWLRQ RI UHVXOWV.

130



CaWegor\ CriWerion ConsideraWions

UQiTXeQeVV,
CRPSOePeQWaU\,
aQd
CRQQecWedQeVV

CRQVLdHUV WKH LQdLcaWRU LQ UHOaWLRQ WR RWKHUV ZLWKLQ a VXLWH RI
LQdLcaWRUV. FRU H[aPSOH, VRPH YaOXHV caQ bH PHaVXUHd b\ RQO\ RQH
RU WZR XQLTXH LQdLcaWRUV VXLWHd WR WKLV SXUSRVH WKaW SURYLdH KLJK
YaOXH RI LQIRUPaWLRQ HYHQ LI WKH\ dR QRW VcRUH KLJKO\ RQ RWKHU cULWHULa
(H.J., QHcHVVaU\ IRU PRQLWRULQJ a VSHcLILc KabLWaW W\SH RU VRcLaO
dLPHQVLRQ HYHQ LI LW LV QRW VcaOabOH). OWKHU YaOXHV caQ bH PHaVXUHd
b\ a ZLdH UaQJH RI LQdLcaWRUV, bXW RQO\ a VPaOO VXbVHW RI WKHVH KaYH
WKH dHVLUabOH SURSHUW\ RI YaU\LQJ LQdHSHQdHQWO\ IURP RWKHUV LQ WKH
VXLWH (LRQJR HW aO. 2015). IW LV aOVR LPSRUWaQW WR cRQVLdHU KRZ
LQdLcaWRUV LQ WKH VXLWH aUH cRQQHcWHd WR RWKHU LQdLcaWRUV aQd
dLPHQVLRQV LQ Za\V WKaW UHIOHcW WKH LQWHUcRQQHcWHdQHVV RI cRaVWaO
aQd PaULQH VRcLR-HcRORJLcaO V\VWHPV (DHRR\ HW aO. 2019).

PUiRU DaWa
AYaiOabiOiW\

TKH LQdLcaWRU LV aVVRcLaWHd ZLWK KLVWRULcaO aQd LdHaOO\ cRQWLQXRXV
baVHOLQH daWa ZKLcK dRcXPHQW WUHQdV RYHU WLPH aQd VSacH WKaW caQ
aLd LQ WKH LQWHUSUHWaWLRQ RI IXWXUH cKaQJH.

LogisWical
CriWeria

MeaVXUabOe ScLHQWLILcaOO\ SURYHQ, accHSWHd, aQd UHSOLcabOH SURWRcROV IRU dLUHcW
PHaVXUHPHQW RI WKH LQdLcaWRU H[LVW.

FeaVibOe

RHOaWHd WR WKH cRPSOH[LW\ RI WKH PHWKRd(V) XVHd IRU PRQLWRULQJ a
JLYHQ LQdLcaWRU aQd ZKHWKHU a PRQLWRULQJ SURJUaP LV aOUHad\ LQ SOacH
RU, LI QRW, ZKHWKHU LPSOHPHQWaWLRQ ZRXOd UHTXLUH KLULQJ VSHcLaOL]Hd
VWaII RU dHOLYHULQJ ORQJ-WHUP VSHcLaOL]Hd WUaLQLQJ. TKLV LV SaUWLcXOaUO\
UHOHYaQW IRU LQdLcaWRUV WKaW aUH PHaQW WR bH WUacNHd WKURXJK
cRPPXQLW\-baVHd PRQLWRULQJ SURJUaPV aQd Pa\ SRWHQWLaOO\ bH JLYHQ
JUHaWHU ZHLJKW IRU WKRVH LQdLcaWRUV.

TiPeO\

POaQQLQJ, PHaVXUHPHQW, aQd daWa SURcHVVLQJ IRU WKLV LQdLcaWRU caQ
bH accRPSOLVKHd TXLcNO\ WR dHOLYHU XVabOH daWa LQ a WLPHO\ PaQQHU.
FRU H[aPSOH, UHaO-WLPH RcHaQRJUaSKLc VHQVRUV dHOLYHU daWa TXLcNO\
ZLWK PLQLPaO KaQdOLQJ aQd SURcHVVLQJ WLPH, ZKHUHaV WLVVXH VaPSOLQJ
IROORZHd b\ OabRUaWRU\ aQaO\VLV IRU DNA RU cRQWaPLQaQWV \LHOdV
UHVXOWV PRUH VORZO\.

LRZ-IPSacW

CRQVLdHUV ZKHWKHU VaPSOLQJ RI WKH LQdLcaWRU LWVHOI caXVHV
HQYLURQPHQWaO LPSacWV. FRU H[aPSOH, H[WUacWLYH HcRORJLcaO PHWKRdV
VXcK aV caSWXUH YLa H[SHULPHQWaO ILVKLQJ RU JUab VaPSOHV caXVH
PRUH LPSacWV WKaQ QRQ-H[WUacWLYH PHWKRdV VXcK aV XQdHUZaWHU YLdHR
WUaQVHcWV RU HDNA VaPSOLQJ, aQd VRcLaO VcLHQcH PHWKRdV WKaW
aJJUHJaWH daWa Pa\ KaYH OHVV LPSacW RQ SULYac\ cRQcHUQV WKaQ
WKRVH UHSRUWLQJ dLVaJJUHJaWHd daWa.

CRVW-effecWiYe
CRQVLdHUV WKH PRQHWaU\ cRVW SHU VaPSOLQJ HYHQW LQcOXdLQJ
LQIUaVWUXcWXUH, ORJLVWLcV, aQd KXPaQ UHVRXUcHV, UHOaWLYH WR WKH YaOXH RI
LQIRUPaWLRQ RbWaLQHd.

SRXUcHV: KHUVKQHU HW aO. 2011, WHUQHU HW aO. 2014, LRQJR HW aO. 2015, BUHVORZ HW aO. 2018, DHRR\ HW aO.

2019, SPLW HW aO. 2021, CaUdRVR-AQdUadH HW aO. 2022. SRXUcHV IRU cRQVLdHUaWLRQV UHOaWLQJ WR VSHcLILc

cULWHULa aUH cLWHd VHSaUaWHO\ ZLWKLQ WKH WabOH.
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2.5.2 KH\ LHVVRQV LHaUQHd FURP IQdLcaWRU SHOHcWLRQ EIIRUWV

IQVLJKWV IURP SULRU LQdLcaWRU VHOHcWLRQ HIIRUWV IRU MPAV aQd RWKHU PaULQH PaQaJHPHQW cRQWH[W

SURYLdH VRPH NH\ OHVVRQV WR JXLdH WKLV SURcHVV:

IndicaWor selecWion shoXld occXr WhroXgh a collaboraWiYe process WhaW capWXres
Whe YalXes of inYolYed and affecWed commXniWies
A cROOabRUaWLYH LQdLcaWRU VHOHcWLRQ SURcHVV HQVXUHV WKaW WKH LQdLcaWRUV VHOHcWHd caSWXUH WKH

cRQcHUQV, YaOXHV, aQd YRLcHV RI dLYHUVH cRPPXQLWLHV RI SOacH RU RI LQWHUHVW VXcK aV FLUVW

NaWLRQV, PXQLcLSaOLWLHV, bRaWHUV, ILVKHUV, QRQ-SURILWV, UHVHaUcKHUV, aQd RWKHUV ZKR Pa\ KaYH

bHHQ LQYROYHd LQ RU aUH aIIHcWHd b\ MPA HVWabOLVKPHQW. EQJaJHPHQW VKRXOd bHJLQ HaUO\ aQd

cRQWLQXH RIWHQ RYHU a VHULHV RI PHHWLQJV RU ZRUNVKRSV aQd KHOSV WR bXLOd PXWXaO XQdHUVWaQdLQJ

aQd a VHQVH RI WUXVW, RZQHUVKLS, aQd bX\-LQ IRU PRQLWRULQJ acWLYLWLHV aQd RXWcRPHV ZKHQ WKHVH

aUH IUaPHd LQ WKH cRQWH[W RI LQdLcaWRUV cRPPXQLWLHV caUH abRXW. IW LV aOVR SaUWLcXOaUO\ LPSRUWaQW

ZKHQ HIIHcWLYH PRQLWRULQJ ZLOO UHO\ RQ SaUWQHUVKLSV ZLWK LQdLYLdXaOV RU RUJaQL]aWLRQV UHSUHVHQWLQJ

WKHVH cRPPXQLWLHV (BURZQ HW aO. 2019, PHOOHWLHU HW aO. 2020, SXOOLYaQ-SWacN HW aO. 2022).

WKHQHYHU SRVVLbOH, WKH cROOabRUaWLRQ VWUaWHJ\ VKRXOd bH cR-cUHaWHd ZLWK SaUWLcLSaQWV WR HQVXUH

WKH SURcHVV LV WaLORUHd WR WKH cRPPXQLW\ aQd cXOWXUaO cRQWH[W RI SaUWLcLSaQWV WR LPSURYH

HQJaJHPHQW, NQRZOHdJH VKaULQJ, aQd RXWcRPHV (YXHQ HW aO. 2017, DHRR\ HW aO. 2019). IQ VRPH

caVHV, WKLV Pa\ UHTXLUH QRQ-VWaQdaUd aSSURacKHV WR HQJaJHPHQW LQcOXdLQJ VWRU\WHOOLQJ, JaPHV,

LOOXVWUaWHd ZRUNVKHHWV, aQd VWUXcWXUHd VRUWLQJ H[HUcLVHV VXcK aV WKH Q-VRUW PHWKRd IRU

SULRULWL]aWLRQ (LRULQJ aQd HLQ]PaQ 2018, ZabaOa HW aO. 2018). DLIIHUHQW SaUWLcLSaQWV aUH aOVR OLNHO\

WR KaYH dLIIHUHQW LQdLcaWRU SUHIHUHQcHV baVHd RQ WKHLU UHOaWLRQVKLS WR PaULQH aUHaV LQ WKH QHWZRUN

aQd WKH SURcHVV PXVW aOORZ IRU WLPH aQd VSacH WR UHcRQcLOH dLIIHUHQcHV LQ SHUVSHcWLYHV aQd

Za\V RI NQRZLQJ WR aUULYH aW a cRPSURPLVH RQ UHcRPPHQdHd LQdLcaWRUV (HHcN HW aO. 2011,

PHQdUHd HW aO. 2016, MXOK HW aO. 2022). AQ LWHUaWLYH SaUWLcLSaWRU\ LQdLcaWRU VHOHcWLRQ SURcHVV aOVR

RIIHUV aQ RSSRUWXQLW\ IRU bXLOdLQJ UHOaWLRQVKLSV aQd IRVWHULQJ cRPPXQLcaWLRQ aQd VKaULQJ RI daWa

aQd LdHaV WKaW bXLOdV a IRXQdaWLRQ IRU RQJRLQJ cROOabRUaWLRQ IRU MPA PRQLWRULQJ, PaQaJHPHQW,

aQd UHSRUWLQJ PRYLQJ IRUZaUd. TKH VXccHVV RI WKLV SaUWLcLSaWRU\ SURcHVV KLQJHV RQ WKH H[SHUWLVH

RI WHaP PHPbHUV aQd OHadHUV. HaYLQJ a dHdLcaWHd WaVN OHadHU ZLWK H[WHQVLYH NQRZOHdJH RI WKH

UHJLRQaO cRQWH[W caQ KHOS WR accHOHUaWH LdHQWLILcaWLRQ RI daWa cRQVLdHUaWLRQV, UHcUXLWPHQW RI

SaUWLcLSaQWV aQd UHYLHZHUV, aQd IacLOLWaWLRQ RI IRcXVHd aQd SURdXcWLYH cROOabRUaWLRQ WKURXJKRXW

WKH SURcHVV (BURZQ HW aO. 2019). E[aPSOHV IURP BULWLVK CROXPbLa VKRZ VRPH SURPLVLQJ
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aSSURacKHV WR ZRUNLQJ RQ LQdLcaWRU VHOHcWLRQ acURVV OaUJH aQd dLYHUVH SaUWLcLSaQW JURXSV (GLOaQL

HW aO. 2018; LRULQJ aQd HLQ]PaQ 2018).

IndicaWor selecWion shoXld occXr WhroXgh a s\sWemaWic, WransparenW, and
repeaWable process

LHYHUaJLQJ WKH PaQ\ HVWabOLVKHd LQdLcaWRU VHOHcWLRQ IUaPHZRUNV aQd cULWHULa IRU PaULQH aQd

MPA PaQaJHPHQW LQdLcaWRUV aV SaUW RI aQ LQcOXVLYH aQd SaUWLcLSaWRU\ SURcHVV caQ KHOS WR UHYHaO

aQd PLWLJaWH SHUVRQaO RU LQVWLWXWLRQaO bLaV RI aQ\ VLQJOH HQWLW\ LQYROYHd LQ WKH SURcHVV, PaNH LW

PRUH OLNHO\ WR VHOHcW LQdLcaWRUV WKaW ZLOO bH HIIHcWLYH IRU PRQLWRULQJ MPA RXWcRPHV UaWKHU WKaQ

XQUHOaWHd RbMHcWLYHV. SXcK a SURcHVV aOVR SURYLdHV PRUH ULJRURXV, dHIHQVLbOH, aQd dRcXPHQWHd

UaWLRQaOH IRU WKRVH QRW abOH WR SaUWLcLSaWH LQ WKH SURcHVV aQd VHUYHV aV a UHSRVLWRU\ IRU

LQVWLWXWLRQaO PHPRU\ IRU WKRVH ZKR bHcRPH LQYROYHd LQ MPAN HYaOXaWLRQ OaWHU RQ, ZKLcK LV

SaUWLcXOaUO\ YaOXabOH IRU SaUWLcLSaWLQJ RUJaQL]aWLRQV ZLWK KLJK VWaII WXUQRYHU. FLQaOO\, WKH XVH RI a

V\VWHPaWLc aQd ZHOO-dRcXPHQWHd SURcHVV HQabOHV a cRQVLVWHQW aQd UHSHaWabOH aSSURacK IRU

UH-HYaOXaWLQJ H[LVWLQJ LQdLcaWRUV; IRU H[aPSOH, SRWHQWLaOO\ UHSOacLQJ LQdLcaWRUV WKaW KaYH QRW

SURYHQ XVHIXO RU cRQVLdHULQJ WKH addLWLRQ RI QHZ LQdLcaWRUV (SaPKRXUL HW aO. 2014, BURZQ HW aO.

2019).

SXiWes of indicaWors improYe robXsWness of assessmenW and confidence in resXlWs
IQdLcaWRUV aUH RIWHQ bXQdOHd LQWR VXLWHV RI cRPSOHPHQWaU\ PHaVXUHV UaWKHU WKaQ XVHd LQ

LVROaWLRQ. DHYHORSPHQW RI LQdLcaWRU VXLWHV caQ IROORZ WZR PaLQ VWUaWHJLHV. TKH ILUVW VWUaWHJ\ LV WR

XVH VXLWHV dHVLJQHd WR PHaVXUH different aspects of the same attribute, ZKHUH WKH XVH RI

dLIIHUHQW LQdLcaWRUV caQ KHOS WR cUHaWH a µSRUWIROLR HIIHcW¶ WKaW PLWLJaWHV bLaV RU XQcHUWaLQW\ LQ aQ\

RQH LQdLcaWRU aQd PXOWLSOH LQdLcaWRUV dHPRQVWUaWLQJ VLPLOaU SaWWHUQV LQcUHaVHV cRQILdHQcH LQ WKH

UHVXOWV. HRZHYHU, WKLV bHQHILW LV RQO\ UHaOL]Hd ZKHQ aW OHaVW VRPH LQdLcaWRUV LQ WKH VXLWH aUH

µRUWKRJRQaO¶ RU YaU\ LQdHSHQdHQWO\ IURP HacK RWKHU LQ UHVSRQVH WR SRWHQWLaO LQIOXHQcLQJ IacWRUV,

ZKLcK aOVR KHOSV WR UHdXcH UHdXQdaQc\ RI LQdLcaWRUV aQd LQcUHaVH RYHUaOO HIILcLHQc\ RI

PRQLWRULQJ. WKHUH WKLV LV QRW WKH caVH, aOO LQdLcaWRUV Pa\ bH VXbMHcW WR WKH VaPH VRXUcHV RI bLaV

aQd cUHaWH IaOVH cRQILdHQcH LQ MPA HIIHcWV WKaW Pa\ acWXaOO\ bH dULYHQ b\ H[WHUQaO IacWRUV VXcK

aV RcHaQRJUaSKLc cRQdLWLRQV (LRQJR HW aO. 2015). TKH VHcRQd VWUaWHJ\ LV WR XVH VXLWHV dHVLJQHd

WR measure multiple attributes of the same broader system. TKLV VWUaWHJ\ RIWHQ aLPV WR LQcOXdH

LQdLcaWRUV IURP HacK RI WKH dLIIHUHQW WKHPHV caSWXUHd LQ WKLV VHcWLRQ (H.J., HQYLURQPHQWaO,

HcRORJLcaO, VRcLaO, JRYHUQaQcH, aQd SUHVVXUH LQdLcaWRUV) WR SURYLdH a PRUH PXOWLdLPHQVLRQaO aQd

KROLVWLc SLcWXUH RI WKH HIIHcWV RI MPAV RQ WKH bURadHU VRcLR-HcRORJLcaO V\VWHP (LRQJR HW aO. 2015,

MHHKaQ HW aO. 2020). TKH JRaO LV WR LdHQWLI\ WKH VPaOOHVW, ZHOO-URXQdHd VXLWH RI LQdLcaWRUV abOH WR
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\LHOd WKH dHVLUHd LQIRUPaWLRQ. TR dR VR, addLWLRQaO µVXLWH-OHYHO¶ VHOHcWLRQ cULWHULa caQ bH XVHd WR

aVVHVV cRPSOHPHQWaULW\ aQd UHdXQdaQc\ acURVV VXLWHV RI caQdLdaWH LQdLcaWRUV WR HQVXUH WKH\

LQcOXdH a baOaQcHd PL[ RI LQdLcaWRUV UHOHYaQW WR PXOWLSOH dLPHQVLRQ, VcaOHV RI RUJaQL]aWLRQ, aQd

OHadLQJ RU OaJJLQJ UHVSRQVH WLPHV (KHUVKQHU HW aO. 2011, BUHVORZ HW aO. 2018).

SXiWes of indicaWors shoXld consider relaWionships and inWerdependencies
beWZeen indicaWors and dimensions

SXLWHV RI LQdLcaWRUV Pa\ UHIOHcW WKH VWaWXV RI LQdLYLdXaO cRPSRQHQWV RI a VRcLR-HcRORJLcaO

V\VWHP, bXW dR QRW aOZa\V H[SOLcLWO\ cRQVLdHU KRZ WR PRQLWRU cKaQJHV LQ WKH UHOaWLRQVKLSV RI

OLQNHd LQdLcaWRUV LQ Za\V WKaW PRUH accXUaWHO\ UHIOHcW WKH LQWHUcRQQHcWHdQHVV ZLWKLQ aQd acURVV

dLPHQVLRQV RI cRaVWaO aQd PaULQH HcRV\VWHPV. OQH aSSURacK WR bHWWHU UHSUHVHQWLQJ WKLV

LQWHUcRQQHcWHdQHVV LV WR dHYHORS VXLWHV RI caXsal indicaWor chains, ZKHUH HQYLURQPHQWaO aQd

HcRORJLcaO LQdLcaWRUV aUH OLQNHd WR LQdLcaWRUV IRU WKH VSHcLILc HcRV\VWHP VHUYLcHV WKaW WKH\

VXSSRUW ZKLcK aUH LQ WXUQ OLQNHd WR WKH VRcLaO YaOXH JHQHUaWHd b\ WKRVH HcRV\VWHP VHUYLcHV.

IQdLcaWRUV UHOaWHd WR HcRV\VWHP VHUYLcHV (OOaQdHU HW aO. 2018) (FigXre 18). IQdLcaWRUV UHOHYaQW WR

WKH HcRV\VWHP VHUYLcHV aORQJ WKHVH caXVaO cKaLQV aUH NQRZQ aV benefiW-releYanW indicaWors
(BRIs). BRIV aUH XVHIXO bHcaXVH WKH\ LQWHJUaWH LQIRUPaWLRQ RQ caVcadLQJ UHVSRQVHV WR a

PaQaJHPHQW acWLRQ, LQ WKLV caVH MPAV, acURVV PXOWLSOH dLPHQVLRQV RI WKH VRcLR-HcRORJLcaO

V\VWHP aQd LQ VR dRLQJ PRYH bH\RQd PHaVXUHPHQW RI cKaQJHV LQ VWaWH WR SURYLdH LQVLJKWV LQWR

cKaQJHV LQ SURcHVVHV aV ZHOO (VHH aOVR ASSHQdL[ A dLVcXVVLRQ RQ WKLV WRSLc aW aQ MPA H[SHUWV

ZRUNVKRS). IQ PaQ\ caVHV, BRIV acW aV a QHcHVVaU\ SUR[\ LQdLcaWRU IRU cKaQJHV LQ VRcLaO YaOXH

LQdLcaWRUV WKHPVHOYHV, ZKLcK caQ bH cKaOOHQJLQJ WR PHaVXUH LQ SUacWLcH (OOaQdHU HW aO. 2018).

TKLV cRQcHSW caQ bH H[SaQdHd WR HQcRPSaVV QRW RQO\ WKH PaQ\ HcRV\VWHP VHUYLcHV MPAV caQ

SURYLdH WR SHRSOH (MaUcRV HW aO. 2021), bXW aOVR WKH PaQ\ µserYices Wo ecos\sWems¶ (S2E) WKaW

SHRSOH caQ SURYLdH LQ UHWXUQ (CRPbHUWL HW aO. 2015). IQcOXdLQJ WKLV IHHdbacN ORRS acNQRZOHdJHV

WKH dHHS KLVWRU\ RI VWHZaUdVKLS b\ IQdLJHQRXV PHRSOHV RYHU WKHLU aQcHVWUaO OaQdV aQd ZaWHUV

WKaW KaV SOa\Hd, aQd cRQWLQXHV WR SOa\, LWV RZQ LQWHJUaO UROH LQ PaLQWaLQLQJ HcRV\VWHP IXQcWLRQ aV

SaUW RI aQ RQJRLQJ UHcLSURcaO UHOaWLRQVKLS (BOLHJH BLUd aQd NLPPR 2018). BHQHILW UHOHYaQW

LQdLcaWRUV aUH VWURQJO\ aOLJQHd ZLWK WKH SULQcLSOHV XQdHUSLQQLQJ bLRcXOWXUaO LQdLcaWRUV, ZKLcK aUH

URRWHd LQ ORcaO YaOXHV aQd SOacH-baVHd UHOaWLRQVKLSV bHWZHHQ QaWXUH aQd SHRSOH aQd UHTXLUH

cRQVLdHUaWLRQ RI LQWHUcRQQHcWHdQHVV, OLQNaJHV WR KXPaQ ZHOO-bHLQJ, aQd cXOWXUaO VaOLHQcH

(DHRR\ HW aO. 2019).

TKH XVH RI caXVaO LQdLcaWRU cKaLQV caQ KHOS WR SLQSRLQW WKH ZHaN OLQN LQ WKLV cKaLQ WKaW Pa\ bH

OLPLWLQJ WKH aQWLcLSaWHd bHQHILWV RI SURWHcWLRQ LQ aQ MPA WR aOORZ IRU a PRUH WaUJHWHd
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PaQaJHPHQW UHVSRQVH. FRU H[aPSOH, LI PRQLWRULQJ dHPRQVWUaWHV WKaW a KXPaQ SUHVVXUH LV VWLOO

RccXUULQJ dHVSLWH UHJXOaWLRQV, IXUWKHU HdXcaWLRQ, cRPSOLaQcH, aQd HQIRUcHPHQW Pa\ bH QHHdHd.

II WKH SUHVVXUH LV QR ORQJHU RccXUULQJ, bXW H[SHcWHd bHQHILWV WR HcRV\VWHP IXQcWLRQ dRQ¶W aSSHaU,

LQIOXHQcLQJ HQYLURQPHQWaO IacWRUV Pa\ bH aQ LVVXH, aQd LI WKH HcRV\VWHP UHcRYHUV bXW

cRPPXQLWLHV aUH QRW H[SHULHQcLQJ WKH H[SHcWHd bHQHILWV, VRcLaO RU HcRQRPLc cRQVWUaLQWV VXcK aV

OLPLWHd accHVV Pa\ bH UHVSRQVLbOH.

FigXre 18: E[aPSOH RI a VLPSOH caXVaO LQdLcaWRU cKaLQ IRU aVVHVVLQJ WKH caVcadLQJ HIIHcWV RI a

PaQaJHPHQW acWLRQ, VXcK aV HVWabOLVKPHQW RI aQ MPA, RQ HcRORJLcaO LQdLcaWRUV, WKH HcRV\VWHP VHUYLcHV

WKaW dHSHQd RQ HcRV\VWHP IXQcWLRQ, aQd WKH VRcLaO YaOXHV WKaW LQ WXUQ dHSHQd RQ HcRV\VWHPV VHUYLcHV.

BHQHILW UHOHYaQW LQdLcaWRUV (BRIV) aUH VKRZQ LQ UHd cLUcOHV aQd UHSUHVHQW PHaVXUabOH LQdLcHV RI cKaQJH LQ

WKH HcRV\VWHP VHUYLcHV VKRZQ abRYH WKHP. TKLV dLaJUaP H[SaQdV RQ WKH RULJLQaO cRQcHSW WR LQcOXdH a

IHHdbacN ORRS ZKHUH cKaQJHV LQ YaOXHV LQIOXHQcH ZLOOLQJQHVV WR SURYLdH UHcLSURcaO VHUYLcHV WR HcRV\VWHPV

WR cRPSOHWH WKH c\cOH. AdaSWHd XVLQJ HOHPHQWV IURP CRPbHUWL HW aO. 2015 aQd OOaQdHU HW aO. 2018.

PracWiWioners mXsW balance Wrade-offs regarding Whe nXmber of indicaWors chosen

RHVRXUcH aQd caSacLW\ cRQVWUaLQWV ZLOO aOZa\V OLPLW WKH QXPbHU RI LQdLcaWRUV WKaW caQ bH

PRQLWRUHd cRQVLVWHQWO\ aQd HIIHcWLYHO\. TKH LQdLcaWRU VHOHcWLRQ SURcHVV PXVW WKXV baOaQcH

WUadH-RIIV bHWZHHQ PRQLWRULQJ WRR IHZ LQdLcaWRUV, ZKLcK Pa\ IaLO WR adHTXaWHO\ caSWXUH WKH VWaWH
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RI WKH V\VWHP, aQd WRR PaQ\ LQdLcaWRUV, ZKLcK UHIOHcW LQadHTXaWH SULRULWL]aWLRQ RI JRaOV aQd

RbMHcWLYHV aQd aUH PRUH OLNHO\ WR cRPSURPLVH daWa TXaOLW\ aQd cRQWLQXLW\ ZKHQ UHVRXUcHV aUH

VSUHad WRR WKLQ, UHVXOW LQ WKH QHHd IRU aJJUHJaWH LQdLcaWRUV ZKLcK caQ RbVcXUH LQWHUSUHWaWLRQ RI

UHVXOWV, aQd cUHaWH cKaOOHQJHV LQ cRPPXQLcaWLQJ RXWcRPHV WR VWaNHKROdHUV aQd ULJKWV-KROdHUV

(SaPKRXUL HW aO. 2014, Ha\HV HW aO. 2015, RHVRXUcH LHJac\ FXQd 2020). UVLQJ a VPaOOHU VHW RI

PRUH LQcOXVLYH RU LQWHUcRQQHcWHd LQdLcaWRUV WKaW caSWXUH PXOWLSOH aVSHcWV RI a VRcLR-HcRORJLcaO

V\VWHP caQ bH RQH Za\ WR KHOS baOaQcH WKHVH WUadH-RIIV (DHRR\ HW aO. 2019). TKH SULRULWL]aWLRQ

SURcHVV W\SLcaOO\ UHdXcHV a OLVW RI VHYHUaO KXQdUHd caQdLdaWH LQdLcaWRUV WR a PRUH PaQaJHabOH

QXPbHU ZKLcK Pa\ bH IXUWKHU UHILQHd aQd UHdXcHd IROORZLQJ SLORW WHVWLQJ (H.J., UHdXcHd IURP

RYHU 350 WR 120 LQdLcaWRUV IRU WKH MRQWHUH\ Ba\ NaWLRQaO MaULQH SaQcWXaU\ MPAV (BURZQ HW aO.

2019), IURP 132 WR 37 LQdLcaWRUV IRU PRUWXJXHVH MPAV (CaUdRVR-AQdUadH HW aO. 2022).

The indicaWor selecWion process reYeals ke\ daWa gaps and fXWXre research
prioriWies

IQ OLJKW RI SUacWLcaO cRQVWUaLQWV RQ QHZ PRQLWRULQJ acWLYLWLHV, WKH LQdLcaWRU VHOHcWLRQ SURcHVV RIWHQ

HPSKaVL]HV LQdLcaWRUV ZLWK UHadLO\ aYaLOabOH daWa WKaW aOLJQ ZLWK KLJK-SULRULW\ PaQaJHPHQW

RbMHcWLYHV aQd RWKHU VcUHHQLQJ cULWHULa. HRZHYHU, WKLV SURcHVV aOVR QaWXUaOO\ UHYHaOV KLJK-SULRULW\

LQdLcaWRUV ZLWK OLWWOH RU QR daWa aYaLOabLOLW\. TKHVH LQdLcaWRUV VKRXOd bH caUHIXOO\ dRcXPHQWHd

aORQJ WKH Za\ WR SURYLdH a VWaUWLQJ SRLQW IRU dHWHUPLQLQJ ZKLcK daWa-SRRU LQdLcaWRUV PLJKW

ZaUUaQW WKH LQLWLaWLRQ RI a QHZ PRQLWRULQJ acWLYLW\ aQd ZKLcK PLJKW bH bHWWHU addUHVVHd WKURXJK

PRUH IRcXVHd SULRULW\ UHVHaUcK SURMHcWV (BURZQ HW aO. 2019). BHcaXVH RI WKLV ILQH OLQH bHWZHHQ

PRQLWRULQJ aQd UHVHaUcK TXHVWLRQV, MPA RU HcRV\VWHP-baVHd PaQaJHPHQW VWUaWHJLHV aUH

VRPHWLPHV IUaPHd aV MRLQW PRQLWRULQJ aQd UHVHaUcK VWUaWHJLHV WKaW dLVWLQJXLVK RQJRLQJ

PRQLWRULQJ IURP UHVHaUcK acWLYLWLHV IRU HacK NH\ PaQaJHPHQW RbMHcWLYH RU WKHPH (H.J., SGSSI

2021). E[SOLcLWO\ LdHQWLI\LQJ WKHVH daWa JaSV VLJQaOV RSSRUWXQLWLHV IRU dHYHORSLQJ MRLQW SURSRVaOV

ZLWK FLUVW NaWLRQV, acadHPLc LQVWLWXWLRQV, HNGOV, RU RWKHU SaUWQHUV WR ILOO daWa JaSV IRU LQcOXVLRQ

LQ IXWXUH URXQdV RI MPA PRQLWRULQJ aQd aVVHVVPHQW (BURZQ HW aO. 2019).

2.5.3 SHOHcWLQJ IQdLcaWRUV WR CaSWXUH COLPaWH CKaQJH EIIHcWV

COLPaWH cKaQJH LV aQWLcLSaWHd WR KaYH VLJQLILcaQW LPSacWV RQ NH\ VSHcLHV aQd KabLWaWV RI

cRQVHUYaWLRQ cRQcHUQ RQ WKH PacLILc CRaVW aQd LV OLNHO\ WR UHSUHVHQW a cULWLcaO cRQIRXQdLQJ IacWRU

WKaW ZLOO QHHd WR bH accRXQWHd IRU LQ aQaO\VHV aVVHVVLQJ WKH HIIHcWLYHQHVV RI MPAV aQd MPANV.

TKLV LV SaUWLcXOaUO\ WUXH JLYHQ WKaW MPANV aUH QRW H[SHcWHd WR RIIHU VLJQLILcaQW SURWHcWLRQ aJaLQVW

136



PaQ\ aVSHcWV RI cOLPaWH cKaQJH, VXcK aV PaULQH KHaW ZaYHV (SPLWK HW aO. 2023). MaQ\ RI WKH

VaPH LQdLcaWRUV XVHd IRU PRQLWRULQJ WKH JHQHUaO HIIHcWLYHQHVV RI MPAV aUH aOVR XVHIXO IRU

XQdHUVWaQdLQJ bURadHU cOLPaWH cKaQJH HIIHcWV ZLWK aSSURSULaWH VaPSOLQJ aQd aQaO\WLcaO

aSSURacKHV VSHcLILc WR WKLV cRQWH[W (WLOVRQ HW aO. 2020). TKHVH W\SHV RI LQdLcaWRUV caQ bH

bXQdOHd LQWR a VXb-VXLWH RI LQdLcaWRUV IRU IRcXVHd UHSRUWLQJ RQ cOLPaWH cKaQJH cRQcHUQV. WKHQ

VHOHcWLQJ aPRQJ LQdLcaWRUV, LW LV LPSRUWaQW WR dLIIHUHQWLaWH SUHdLcWRUV RI cOLPaWH YXOQHUabLOLW\ RU

ULVN ZKLcK RIWHQ dR QRW accRXQW IRU adaSWLYH caSacLW\ aQd RWKHU UHOHYaQW SURcHVVHV (H.J.,

VSHcLHV OLIH KLVWRU\ cKaUacWHULVWLcV aQd SUHdLcWHd SURbabLOLW\ RI RccXUUHQcH IURP VSHcLHV

dLVWULbXWLRQ PRdHOV, VXcK aV LQ LHZLV HW aO. 2023) IURP HPSLULcaO LQdLcaWRUV baVHd RQ

PHaVXUabOH, UHaOL]Hd HIIHcWV (H.J., QRUWKHUQPRVW RbVHUYaWLRQ RI a VSHcLHV). PUHdLcWLYH LQdLcaWRUV

VKRXOd bH YLHZHd aV LQIRUPLQJ K\SRWKHVHV abRXW WKH HIIHcWV RI cOLPaWH cKaQJH RQ YaOXHV WKaW

caQ bH WHVWHd WKURXJK WKH cROOHcWLRQ RI HPSLULcaO daWa, ZKLcK caQ WKHQ LQ WXUQ bH XVHd WR XSdaWH

YXOQHUabLOLW\ LQdLcHV aQd PRdHOV WR LPSURYH WKHLU SUHdLcWLYH SRZHU.

TKH LPPHdLaWH HQYLURQPHQWaO HIIHcWV RI cOLPaWH cKaQJH LQcOXdH cKaQJHV LQ sea ZaWer
WemperaWXre bRWK aW WKH VXUIacH aQd aW dHSWK, LQ ocean acidificaWion (W\SLcaOO\ aV WKH SaUWLaO

SUHVVXUH RI CO2, RU SCO2, aQd SH), LQ WKH dLUHcWLRQ aQd VWUHQJWK RI ocean cXrrenWs, aQd LQ neW
primar\ prodXcWiYiW\ (W\SLcaOO\ aV cKORURSK\OO a), aPRQJ RWKHUV (BOaQcKaUd HW aO. 2012,

BU\QdXP-BXcKKRO] HW aO. 2022). NRWabO\, PaQ\ RI WKHVH LQdLcaWRUV cRYaU\ ± IRU H[aPSOH, SULPaU\

SURdXcWLYLW\ LV aIIHcWHd b\ cOLPaWH bRWK dLUHcWO\ (H.J., VHa VXUIacH WHPSHUaWXUH) aQd LQdLUHcWO\

(H.J., cXUUHQWV, XSZHOOLQJV, QXWULHQW RU OLJKW aYaLOabLOLW\), ZLWK UaPLILcaWLRQV IRU bURadHU RcHaQ IRRd

ZHbV (BOaQcKaUd HW aO. 2012, KUXPKaUdW HW aO. 2017). IPSRUWaQWO\, WKH PRQLWRULQJ aQd aQaO\VLV RI

HQYLURQPHQWaO YaULabOHV PXVW accRXQW IRU VKRUW-WHUP cOLPaWH RVcLOOaWLRQV (H.J., EO NLQR) aJaLQVW

WKH bacNJURXQd RI ORQJ-WHUP cOLPaWH cKaQJH ZKLcK Pa\ RQO\ bH SRVVLbOH IROORZLQJ WKH

accXPXOaWLRQ RI H[WHQdHd WLPH VHULHV (H.J., HaOSHUQ aQd CRWWHQLH 2006).

TKH caVcadLQJ HcRORJLcaO HIIHcWV RI HQYLURQPHQWaO cKaQJHV LQcOXdH changes in habiWaW and
species connecWiYiW\, sXiWabiliW\, and XlWimaWel\ disWribXWions aVVRcLaWHd ZLWK ORcaOL]Hd

H[WLQcWLRQ RU cRORQL]aWLRQ. COLPaWH cKaQJH UHOaWHd cKaQJHV LQ KabLWaW cRQQHcWLYLW\ caQ bH

SUHdLcWHd WKURXJK PRdHOOLQJ RI HLWKHU OaUYaO dLVSHUVaO YLa WKH HIIHcWV RI cKaQJLQJ RcHaQ

WHPSHUaWXUHV RQ SHOaJLc OaUYaO dXUaWLRQ (PLD) aQd WKXV dLVSHUVaO dLVWaQcHV (O¶CRQQRU HW aO.

2007), RU PRdHOOLQJ RI VHaVcaSH UHVLVWaQcH WR adXOW PRYHPHQW XVLQJ daWa RQ PHaQ dLVSHUVaO

dLVWaQcH aQd KabLWaW VXLWabLOLW\ bHWZHHQ MPAV (CROHPaQ HW aO. 2017, FULHVHQ HW aO. 2019, 2021).
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HRZHYHU, WKHVH SUHdLcWLRQV PXVW bH WHVWHd WKURXJK PRQLWRULQJ b\ HPSLULcaO PHaVXUHPHQW,

ZKLcK ZH IRcXV RQ KHUH.

COLPaWH cKaQJH LV NQRZQ WR KaYH VLJQLILcaQW LPSacWV RQ LPSRUWaQW WHPSHUaWH KabLWaW-IRUPLQJ

VSHcLHV, SaUWLcXOaUO\ NHOS (H.J., SPaOH HW aO. 2020, HROOaUVPLWK HW aO. 2022, TaPbXUHOOR HW aO.

2022) aQd HHOJUaVVHV (MXUSK\ HW aO. 2021, GUaKaP HW aO. 2022). MRQLWRULQJ IRU cOLPaWH cKaQJH

LPSacWV RQ WKHVH KabLWaWV LV JHQHUaOO\ caUULHd RXW XVLQJ WKH VaPH PHWKRdV XVHd IRU PRQLWRULQJ

habiWaW e[WenW and condiWion bXW LV SaLUHd ZLWK VLPXOWaQHRXV PRQLWRULQJ RI NH\ cOLPaWH-cKaQJH

aVVRcLaWHd HQYLURQPHQWaO YaULabOHV aV ZHOO aV cRPPXQLW\-VcaOH LQdLcaWRUV IRU WKH aVVHPbOaJHV

WKaW dHSHQd RQ WKHP. HRZHYHU, cKaQJHV LQ cRPPXQLW\ VWUXcWXUH aUH OLNHO\ WR OaJ bHKLQd

cKaQJHV LQ KabLWaW aQd bH PRVW aSSaUHQW aW WKH OaJJLQJ aQd OHadLQJ HdJHV RI KabLWaW H[WHQW

ZKHUH WKHVH KabLWaWV aUH bHLQJ UHVSHcWLYHO\ ORVW RU JaLQHd (H.J., RRbLQVRQ HW aO. 2022,

BHaV-LXQa HW aO. 2020).

CKaQJHV LQ HQYLURQPHQWaO aQd KabLWaW VXLWabLOLW\ aUH LQ WXUQ H[SHcWHd WR dULYH cKaQJHV LQ WKH

dLVWULbXWLRQ RI ILVK aQd LQYHUWHbUaWHV. OQ WKH BULWLVK CROXPbLa cRaVW, a ZLdH UaQJH RI

cRPPHUcLaOO\ aQd cXOWXUaOO\ LPSRUWaQW ILVK aQd LQYHUWHbUaWH VSHcLHV aUH H[SHcWHd WR UHVSRQd WR

cOLPaWH cKaQJH b\ PRYLQJ LQWR dHHSHU ZaWHUV aQd / RU H[SHULHQcLQJ QRUWKZaUd UaQJH VKLIWV RI 10

WR 40 NP SHU dHcadH, UHVXOWLQJ LQ cRQVLdHUabOH WXUQRYHU LQ WKH cRPSRVLWLRQ RI HcRORJLcaO

cRPPXQLWLHV (WHaWKHUdRQ HW aO. 2016, TKRPSVRQ HW aO. 2022a). MRQLWRULQJ SURJUaPV VKRXOd

WKXV SOaQ VaPSOLQJ accRUdLQJO\ WR dHWHcW SRWHQWLaO cKaQJHV LQ VSHcLHV cRPSRVLWLRQ aORQJ

PXOWLSOH dLUHcWLRQV RI cKaQJH LQcOXdLQJ OaWLWXdH, ORQJLWXdH, aQd dHSWK (TaKHUL HW aO. 2021).

SSHcLHV UaQJH VKLIWV RccXU LQ VWaJHV aQd Pa\ LQYROYH H[SaQVLRQV aW WKH OHadLQJ HdJH RI WKH

UaQJH RU cRQWUacWLRQV aW WKH OaJJLQJ HdJH RI WKH OaWLWXdLQaO RU dHSWK UaQJH (BaWHV HW aO. 2013,

LORUHW HW aO. 2015). A SaUWLcXOaU cKaOOHQJH ZLWK aVVHVVLQJ UaQJH VKLIWV LV WKaW aYaLOabOH daWa WHQd

WR bH VSaUVH aW WKH UaQJH HdJH (PU]HVOaZVNL HW aO. 2012), aOWKRXJK WKHUH aUH a QXPbHU RI

HPHUJLQJ PRQLWRULQJ aQd aQaO\WLcaO PHWKRdV WR bHWWHU dHWHcW cKaQJHV LQ WKH OHadLQJ aQd OaJJLQJ

HdJHV RI VSHcLHV UaQJHV (BaWHV HW aO. 2013, APRULP HW aO. 2014, FRJaUW\ HW aO. 2017; KaUS HW aO.

2018). SWXdLHV KaYH VKRZQ WKaW µfirsW sighWings¶ caQ bH UHOLabOH HaUO\ ZaUQLQJ VLJQV RI UaQJH

VKLIWV, aV WKHVH VLJKWLQJV aUH OLNHO\ UHOaWHd WR ORQJ-WHUP cOLPaWH cKaQJHV. OWKHU SRWHQWLaO

LQdLcaWRUV LQcOXdH changes in relaWiYe abXndance RI WKH cRPPXQLW\ aVVHPbOaJH aV ZHOO aV WKH

SRVLWLRQ RI WKH posiWion of Whe leading edge, lagging edge, and mean posiWion (cenWroid) RI

VSHcLHV RccXUUHQcH daWa SRLQWV RYHU WLPH aV aVVHVVHd aW bRWK ORcaO aQd UHJLRQaO VcaOHV

(FRJaUW\ HW aO. 2017, WLOVRQ HW aO. 2017). TKHVH caQ bH dRcXPHQWHd WKURXJK a ZLdH UaQJH RI

138



PXOWLdLVcLSOLQaU\ PHWKRdV LQcOXdLQJ ORcaO HcRORJLcaO NQRZOHdJH aQd XQdHUZaWHU VXUYH\V (LORUHW

HW aO. 2015), bXW HDNA PRQLWRULQJ Pa\ bH SaUWLcXOaUO\ ZHOO-VXLWHd IRU LWV VHQVLWLYLW\ LQ PRQLWRULQJ

cKaQJHV LQ WKH HQWLUH cRPPXQLW\ aVVHPbOaJH aQd IRU dHWHcWLQJ ILUVW RccXUUHQcHV RI UaUH VSHcLHV

aV LV WKH caVH LQ WKH XVH RI HDNA IRU HaUO\ dHWHcWLRQ RI LQYaVLYH VSHcLHV LQWURdXcWLRQV (H.J.,

GROd HW aO. 2021, BRZHUV HW aO. 2021, HH HW aO. 2022). TR PaNH URbXVW LQIHUHQcHV, WKH

LQWHUSUHWaWLRQ RI daWa UHOaWHd WR cKaQJLQJ VSHcLHV dLVWULbXWLRQV VKRXOd cRQVLdHU UaQJH VKLIWV LQ aOO

dLUHcWLRQV, cRQVLdHU PXOWLSOH SRVVLbOH dULYHUV RI VKLIWV bH\RQd cOLPaWH cKaQJH, aQd dLVWLQJXLVK

SaWWHUQV IURP WKRVH H[SHcWHd b\ UaQdRP cKaQcH (TaKHUL HW aO. 2021).

MRQLWRULQJ RI cOLPaWH-UHOaWHd cKaQJHV LQ WKH dLVWULbXWLRQ RI KabLWaW, VSHcLHV, aQd KXPaQ acWLYLWLHV

ZLOO KHOS WR XQdHUVWaQd ZKHWKHU cOLPaWH PRdHOOLQJ SUHdLcWLRQV IRU WKH UHJLRQ aUH bHLQJ IXOILOOHd,

SaUWLcXOaUO\ LQ SUHdLcWHd cOLPaWH cKaQJH KRWVSRWV aQd UHIXJLa, aQd LQIRUP SURacWLYH SOaQQLQJ aQd

SROLc\-PaNLQJ WKaW aQWLcLSaWHV IXWXUH cOLPaWH cRQdLWLRQV (FRJaUW\ HW aO. 2017). FRU H[aPSOH,

PRQLWRULQJ cKaQJHV LQ HQYLURQPHQWaO cRQdLWLRQV aQd HVVHQWLaO ILVK aQd LQYHUWHbUaWH KabLWaWV

Pa\ SURYLdH aQ HaUO\ ZaUQLQJ RI LPSHQdLQJ cKaQJHV WR VSHcLHV dLVWULbXWLRQV, HQabOLQJ

LPSOHPHQWaWLRQ RI SURacWLYH PaQaJHPHQW VWUaWHJLHV (AQdHUVRQ HW aO. 2015, KaUS HW aO. 2019). IQ

addLWLRQ, ZKHUH UaQJH VKLIWV dR RccXU, WKH\ aUH OLNHO\ WR aOWHU KabLWaW aQd VSHcLHV cRPSRVLWLRQ

aQd SRWHQWLaOO\ cKaQJH WKH dHJUHH RI connecWiYiW\ aQd represenWaWion acURVV WKH MPAN LQ

Za\V WKaW cRQVWUaLQ LWV abLOLW\ WR PHHW LWV PaQaJHPHQW JRaOV aQd RbMHcWLYHV aQd Pa\ UHTXLUH

aOWHUQaWLYH PaQaJHPHQW VWUaWHJLHV WR PaLQWaLQ cRQVHUYaWLRQ bHQHILWV (WLOVRQ HW aO. 2017).

2.6 DaWa CollecWion

2.6.1 KH\ CRQVLdHUaWLRQV IRU DaWa CROOHcWLRQ MHWKRdV LQ MPANV

DHcLdLQJ RQ WKH PHWKRdV aQd WRROV WKaW ZLOO bH XVHd WR cROOHcW daWa RQ LQdLcaWRUV aQd dHYHORSLQJ

SOaQV IRU KRZ WKH\ aUH dHSOR\Hd aUH NH\ HOHPHQWV RI dHVLJQLQJ aQ MPA PRQLWRULQJ IUaPHZRUN.

TKLV SURcHVV LV W\SLcaOO\ LWHUaWLYH aQd LQLWLaWHd aORQJVLdH WKH VHOHcWLRQ RI LQdLcaWRUV WKHPVHOYHV,

aV WKH WHcKQLcaO cRPSOH[LW\, IHaVLbLOLW\, WLPHOLQHVV aQd cRVW RI PRQLWRULQJ PHWKRdV aUH LQcOXdHd LQ

PRVW LQdLcaWRU VHOHcWLRQ cULWHULa (Table 3), aQd WKH SURcHVV LV IXUWKHU UHILQHd aV PRUH dHWaLOHd

PRQLWRULQJ SOaQV aUH dHYHORSHd.
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TKLV VHcWLRQ SURYLdHV aQ RYHUYLHZ RI NH\ cRQVLdHUaWLRQV IRU daWa cROOHcWLRQ ZLWKLQ WKH dHVLJQ RI a

bURadHU PRQLWRULQJ IUaPHZRUN, bHJLQQLQJ ZLWK aQ oYerYieZ of esWablished and emerging
moniWoring meWhods and Wools IRU daWa cROOHcWLRQ WKaW V\QWKHVL]HV WKH bHQHILWV, WUadH-RIIV, aQd

cRQVLdHUaWLRQV aVVRcLaWHd ZLWK HacK PHWKRd, dHSHQdLQJ RQ WKH VcLHQWLILc TXHVWLRQV aQd

LQdLcaWRUV RI LQWHUHVW WR LQIRUP WKH dHYHORSPHQW RI a bURad MPAN PRQLWRULQJ VWUaWHJ\. TKLV

VWUaWHJ\ PXVW WKHQ bH WUaQVOaWHd LQWR a cRQcUHWH PRQLWRULQJ SOaQ baVHd RQ URbXVW moniWoring
and sampling designs WR HQVXUH WKaW PRQLWRULQJ LV RccXUULQJ aW WKH ULJKW SOacHV aQd WLPHV WR

aQVZHU NH\ PaQaJHPHQW TXHVWLRQV. TKH dHYHORSPHQW RI bRWK PRQLWRULQJ VWUaWHJLHV aQd SOaQV

PXVW cRQVLdHU coordinaWion acURVV HQWLWLHV WKaW ZLOO bH LQYROYHd LQ daWa cROOHcWLRQ WR UHdXcH

dXSOLcaWLRQ RI HIIRUWV aQd HQVXUH ZLVH XVH RI OLPLWHd UHVRXUcHV acURVV WKH MPAN. SXccHVVIXO

cRRUdLQaWLRQ W\SLcaOO\ LQYROYHV VRPH sWandardi]aWion of meWhods WR LPSURYH daWa

LQWHURSHUabLOLW\ aQd IacLOLWaWH daWa aJJUHJaWLRQ acURVV VLWHV ZLWKLQ WKH QHWZRUN, ZKLcK ZLOO bH

QHHdHd WR XQdHUVWaQd WKH HIIHcWLYHQHVV RI WKH QHWZRUN aV a ZKROH (BXcN HW aO. 2019).

IPSRUWaQWO\, dHVSLWH WKH JURZLQJ WRRObR[ RI LQIRUPaWLYH aQd LQcUHaVLQJO\ cRPSOH[ PHWKRdV aQd

WHcKQRORJLHV aSSOLcabOH WR VKRUW- aQd ORQJ-WHUP PRQLWRULQJ RI MPAV, dHcLVLRQV abRXW ZKLcK WR

adRSW aQd KRZ WKH\ aUH dHSOR\Hd WKURXJK VaPSOLQJ dHVLJQV aUH RIWHQ XOWLPaWHO\ cRQVWUaLQHd b\

ORJLVWLcaO, ILQaQcLaO, aQd KXPaQ caSacLW\ (MLORVaYLcK HW aO. 2019, BHQZa\ HW aO. 2019).

2.6.2 TRROV aQd MHWKRdV

TKH QXPbHU aQd VRSKLVWLcaWLRQ RI PHWKRdV aQd WRROV aYaLOabOH IRU PRQLWRULQJ PaULQH aQd

cRaVWaO V\VWHPV, LQcOXdLQJ MPAV, KaV JURZQ UaSLdO\ ZLWK UHcHQW WHcKQRORJLcaO adYaQcHPHQWV.

WKHUH PaULQH PRQLWRULQJ RQcH UHOLHd SULPaULO\ RQ WLPH- aQd OabRXU-LQWHQVLYH ILHOd VXUYH\V, WKH

adYHQW RI QHZ HOHcWURQLc, UHPRWH VHQVLQJ, aQd PROHcXOaU bLRORJ\ PHWKRdV aUH H[SaQdLQJ RXU

abLOLW\ WR PRQLWRU a ZLdHU UaQJH RI LQdLcaWRUV PRUH HIILcLHQWO\ (Ma[ZHOO HW aO. 2014, MacN HW aO.

2020, DaQRYaUR HW aO. 2021). EacK RI WKHVH PHWKRdV cRPHV ZLWK LWV RZQ WUadH-RIIV WKaW caQ YaU\

ZLWKLQ VSHcLILc PRQLWRULQJ cRQWH[WV. FRU H[aPSOH, WKH IHaVLbLOLW\ RI aQ\ JLYHQ PHWKRd ZLOO dHSHQd

RQ IacWRUV VXcK aV WKH LQdLcaWRU RI LQWHUHVW, VSaWLaO cRQVLdHUaWLRQV (H.J., UHPRWHQHVV, QXPbHU RI

VLWHV, dLVWaQcH bHWZHHQ VLWHV, dLYHUVLW\ RI PRQLWRULQJ QHHdV ZLWKLQ aQd acURVV VLWHV),

HQYLURQPHQWaO cRQdLWLRQV (H.J., ZaWHU cOaULW\, ZHaWKHU cRQdLWLRQV), ORcaO JHRJUaSK\ (H.J., dLVWaQcH

IURP cRaVW, dHSWK), aQd daWa SURcHVVLQJ aQd PaQaJHPHQW QHHdV. MRUHRYHU, bHcaXVH WKH OHQJWK

RI a WLPH VHULHV LV RQH RI WKH PRVW cULWLcaO dHWHUPLQaQWV RI VWaWLVWLcaO SRZHU WR dHWHcW cKaQJH,

PaQaJHUV VKRXOd bH caXWLRXV abRXW UHSOacLQJ WUadLWLRQaO PRQLWRULQJ WRROV aQd PHWKRdV ZLWK
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HPHUJLQJ PHWKRdV XQWLO QHZHU PHWKRdV KaYH bHHQ YaOLdaWHd aV SURYLdLQJ QHaUO\ LdHQWLcaO

LQIRUPaWLRQ. IQVWHad, cRPbLQLQJ WUadLWLRQaO aQd HPHUJLQJ WRROV aQd PHWKRdV caQ SURYLdH

cRPSOHPHQWaU\ Za\V WR cROOHcW a PXcK bURadHU UaQJH RI daWa caSabOH RI aQVZHULQJ bRWK ROd

aQd QHZ PaQaJHPHQW TXHVWLRQV (RaWQaUaMaK HW aO. 2023)

TKLV VHcWLRQ SURYLdHV a KLJK-OHYHO VXPPaU\ RI NH\ HVWabOLVKHd aQd HPHUJLQJ PRQLWRULQJ WRROV

aQd PHWKRdV UHOHYaQW WR PRQLWRULQJ a ZLdH UaQJH RI LQdLcaWRUV aQd PHWULcV UHOHYaQW WR MPAV.

EVWabOLVKHd WRROV LQcOXdH a ZLdH UaQJH RI cRQYHQWLRQaO PHWKRdV ORQJ LQ XVH IRU WKH PRQLWRULQJ RI

PaULQH HcRV\VWHPV aQd SURWHcWHd aUHaV, LQcOXdLQJ PaQXaO ZaWHU aQd VHdLPHQW VaPSOLQJ,

VXUIacH RU dLYH-baVHd YLVXaO VXUYH\V, SOaQNWRQ WRZV, ILVKHU\-LQdHSHQdHQW RU ILVKHU\-dHSHQdHQW

caSWXUH VXUYH\V. TKHVH PHWKRdV KaYH bHHQ cRPSUHKHQVLYHO\ UHYLHZHd HOVHZKHUH (H.J., MXUSK\

aQd JHQNLQV 2010, BHaQ HW aO. 2017), WKH\ aUH QRW UHYLVLWHd KHUH LQ IaYRU RI cRYHULQJ HPHUJLQJ

aQd LQQRYaWLYH aSSOLcaWLRQV RI H[LVWLQJ WRROV RU QRYHO PHWKRdV aQd WRROV UHOHYaQW WR MPAN

PRQLWRULQJ cRQWH[WV. IPSRUWaQWO\, WKH HPHUJHQW SURSHUWLHV RI daWa cROOHcWHd XVLQJ WKHVH

WHcKQLTXHV, LQcOXdLQJ VWaWXV aQd HIIHcWLYHQHVV RI LQdLYLdXaO MPAV aQd RI WKH MPAN aV a ZKROH,

aUH cRQWLQJHQW RQ robXsW sampling design aQd carefXl anal\sis RI PRQLWRULQJ daWa.

ArWificial SXbsWraWes

KH\ DLPHQVLRQV aQd IQdLcaWRUV: EcRORJLcaO (VSHcLHV RccXUUHQcH, VSaWLaO dLVWULbXWLRQ, abXQdaQcH,

cRPPXQLW\ cRPSRVLWLRQ, dHPRJUaSKLcV, aQd cRQQHcWLYLW\)

ArWificial sXbsWraWes aUH VaPSOLQJ dHYLcHV PLPLcNLQJ cRPSOH[ KabLWaWV WKaW caQ bH XVHd WR

cROOHcW VWaQdaUdL]Hd LQIRUPaWLRQ RQ VSHcLILc bLRORJLcaO cRPPXQLWLHV aQd SaUWLcXOaUO\ MXYHQLOH

recrXiWmenW RYHU VKRUW RU ORQJ WLPHIUaPHV (MacN HW aO. 2020). DLIIHUHQW W\SHV RI aUWLILcLaO

VXbVWUaWH H[LVW IRU WaUJHWLQJ dLIIHUHQW SaUWV RI WKH HcRORJLcaO cRPPXQLW\ aQVZHULQJ dLIIHUHQW

PRQLWRULQJ TXHVWLRQV.

FRU H[aPSOH, sWandard moniWoring XniW for Whe recrXiWmenW of reef fishes (SMURFs) cRQVLVW

RI a c\OLQdHU RI SOaVWLc PHVK cRQWaLQLQJ cRLOHd PHVK RU URSH WR PLPLc cRPSOH[ KabLWaW dHVLUabOH

aV a VKHOWHU IRU OaUYaO ILVK WKaW caQ bH dHSOR\Hd aW dLIIHUHQW dHSWKV WR cROOHcW VaPSOHV RI OaUYaO RU

SRVW-OaUYaO ILVK UHad\ WR UHcUXLW WR bHQWKLc KabLWaW (APPaQ HW aO. 2004, HaJJaUW\ HW aO. 2017).

TKLV PHWKRd KaV bHHQ ZLdHO\ XVHd WR PRQLWRU ILVK UHcUXLWPHQW, LQcOXdLQJ LQ UHOaWLRQ WR SURWHcWHd

aUHaV (H.J., IRU URcNILVK, HaJJaUW\ HW aO. 2017). SLPLOaUO\, WKH AXWonomoXs Reef MoniWoring
SWrXcWXre (ARMS), PLPLcV WKH cRPSOH[ VWUXcWXUH RI KaUd bHQWKLc KabLWaWV OLNH URcNV RU UHHIV,
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ZKLOH aQ ArWificial SXbsWraWe UniW (ASU) PLPLcV WKH VWUXcWXUH RI VRIW cRUaOV, VSRQJHV, RU

VHaJUaVV (KHQ\RQ HW aO. 1999, DEVOTES 2013, CaKLOO HW aO. 2018, AdaPc]\N HW aO. 2022). UVLQJ

PRUH WKaQ RQH W\SH RI aUWLILcLaO VXbVWUaWH caQ KHOS WR RbWaLQ bHWWHU HVWLPaWHV RI UHcUXLWPHQW

acURVV VSHcLHV WaUJHWLQJ dLIIHUHQW KabLWaW W\SHV ZLWKLQ aQd acURVV MPAV. MRUHRYHU, YLVXaO

aQaO\VLV RI VaPSOHV cROOHcWHd XVLQJ WKHVH PHWKRdV caQ QRZ bH SaLUHd ZLWK HQYLURQPHQWaO DNA

(HDNA) PHWKRdV dHVcULbHd OaWHU LQ WKLV VHcWLRQ IRU PRUH cRPSUHKHQVLYH VSHcLHV LdHQWLILcaWLRQ

(CaKLOO HW aO. 2018, MacN HW aO. 2020).

TKHVH dHYLcHV caQ bH YaOXabOH IRU IacLOLWaWLQJ PRQLWRULQJ RI UHcUXLWPHQW SURcHVVHV, ZKLcK caQ bH

cKaOOHQJLQJ WR PHaVXUH b\ RWKHU PHaQV, aQd IRU HQabOLQJ VWaQdaUdL]Hd VaPSOLQJ RI KaUd-bRWWRP

cRPPXQLWLHV WR SURdXcH cRPSaUabOH PRQLWRULQJ daWa acURVV VLWHV ZLWKLQ aQ MPAN (MacN HW aO.

2020). SXcK PRQLWRULQJ caQ aOVR SURYLdH cUXcLaO baseline daWa RQ YaULaWLRQ LQ OHYHOV RI

UHcUXLWPHQW acURVV MPA VLWHV ZLWKLQ a QHWZRUN ZKLcK, aORQJ ZLWK SULRU ILVKLQJ SUHVVXUH, H[HUW a

VWURQJ LQIOXHQcH RQ WKH WrajecWor\ and deWecWabiliW\ of recoYer\ IROORZLQJ SURWHcWLRQ aQd aLd LQ

WKH LQWHUSUHWaWLRQ RI VXbVHTXHQW PRQLWRULQJ daWa (NLcNROV HW aO. 2019, HRSI HW aO. 2022c).

FigXre 19: E[aPSOHV RI aUWLILcLaO VXbVWUaWHV LQcOXdLQJ (A) a SMURF (APPaQ 2004), (B) ARMS (OHIW) aQd

ASU PLPLcNLQJ VSRQJHV (ULJKW)(CUHdLW: AZTI THcQaOLa LQ MacN HW aO. 2020), aV ZHOO aV (C) aQ ASU

PLPLcNLQJ VHaJUaVV IRU dHSOR\PHQW RQ a IOaW JULd RQ WKH VHaIORRU (CUHdLW: AdaPc]\N HW aO. 2022).

ElecWronic InsWrXmenWaWion MeWhods

EOHcWURQLc LQVWUXPHQWV caQ H[WHQd WKH WHPSRUaO aQd VSaWLaO IUaPHV RI daWa cROOHcWLRQ LQ PaULQH

V\VWHPV b\ VXSSRUWLQJ cRQWLQXRXV daWa cROOHcWLRQ aW dHSWKV aQd LQ aUHaV WKaW aUH QRW W\SLcaOO\

accHVVLbOH IRU dLUHcW KXPaQ RbVHUYaWLRQ. SRPH aUH dHSOR\Hd aW IL[Hd ORcaWLRQV WKaW aUH UHJXOaUO\

VWaIIHd RU cKHcNHd (H.J., cRaVWaO OLJKW VWaWLRQV, PRRUHd bXR\V), ZKLOH RWKHUV aUH PRbLOH aQd
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dHSOR\Hd aV aQd ZKHQ QHHdHd. TKHVH LQVWUXPHQWV caQ SURYLdH LQIRUPaWLRQ RQ a ZLdH UaQJH RI

dLPHQVLRQV aQd LQdLcaWRUV UHOHYaQW WR MPA aQd MPAN PaQaJHPHQW, SaUWLcXOaUO\ acURVV SHOaJLc

aQd dHHS RcHaQ KabLWaWV IaU IURP VKRUH (DaQRYaUR HW aO. 2017, 2020).

In-SiWX Chemical and OpWical Sensors

KH\ DLPHQVLRQV aQd IQdLcaWRUV: EQYLURQPHQWaO (ZaWHU TXaOLW\, SULPaU\ SURdXcWLYLW\, baWK\PHWU\,

cRaVWaO IHaWXUHV), EcRORJLcaO (SOaQNWRQLc VSHcLHV RccXUUHQcH, VSaWLaO dLVWULbXWLRQ, abXQdaQcH,

cRPPXQLW\ cRPSRVLWLRQ)

Ph\sical and chemical sensors KRXVHd ZLWKLQ IUHH-IaOOLQJ, IUHH-IORaWLQJ, PRRUHd, RU

bRWWRP-PRXQWHd bXo\s, plaWforms, or profilers HQabOH aXWRPaWHd cRQWLQXRXV PHaVXUHPHQW RI

ph\sical and h\drographic condiWions WKaW caQ KHOS WR SURYLdH LPSRUWaQW LQIRUPaWLRQ RQ

ORcaOL]Hd aQd UHJLRQaO cKaQJHV LQ HQYLURQPHQWaO cRQdLWLRQV ZKLcK caQ bH KHOSIXO IRU LQWHUSUHWLQJ

VWXdLHV RI MPA HIIHcWLYHQHVV (DaQRYaUR HW aO. 2017, MacN HW aO. 2020). FORZ-WKURXJK VHQVRU

V\VWHPV VXcK aV WKH FHUU\BR[ Pa\ aOVR bH SHUPaQHQWO\ PRXQWHd RQ YHVVHOV IRU ORQJ-WHUP

cRQWLQXRXV PRQLWRULQJ RI HQYLURQPHQWaO SaUaPHWHUV RYHU a VHW URXWH RI WUaYHO, VXcK aV a IHUU\ RU

VKLSSLQJ URXWH, HQabOLQJ bURadHU VSaWLaO aQd WHPSRUaO cRYHUaJH WKaQ PLJKW RWKHUZLVH bH

SRVVLbOH ZLWK WLPH-OLPLWHd UHVHaUcK cUXLVHV (MacN HW aO. 2020). FRU H[aPSOH, OcHaQ NHWZRUNV

CaQada RSHUaWHV PRbLOH VHQVRU QHWZRUNV dHSOR\Hd LQ WKH KXOOV RI BC FHUULHV WR HQabOH

PRQLWRULQJ RI RcHaQRJUaSKLc cRQdLWLRQV dXULQJ daLO\ VaLOLQJV (MRUaQ HW aO. 2022), aQd VXcK

V\VWHPV cRXOd bH H[SaQdHd WR LQcOXdH URXWHV WKaW WUaQVLW WKURXJK MPANV IRU PRUH H[WHQVLYH

cRYHUaJH RI PRQLWRULQJ acURVV PXOWLSOH VLWHV. NHZ VHQVRUV caQ cRQWLQXRXVO\ bH addHd WR WKHVH

SOaWIRUPV WR PRQLWRU QHZ SaUaPHWHUV aV WHcKQRORJ\ LPSURYHV. FRU H[aPSOH, a IOXRURPHWULc

VHQVRU ZaV UHcHQWO\ dHYHORSHd IRU WKH real-Wime deWecWion of oil pollXWion aV SaUW RI

IORZ-WKURXJK VHQVRU V\VWHPV LQ SPaUWBXR\V RU FHUU\BR[HV (PaUW HW aO. 2021), ZKLcK cRXOd

VLJQLILcaQWO\ LQcUHaVH WKH VHQVLWLYLW\ RI RLO SROOXWLRQ PRQLWRULQJ cRPSaUHd WR ZKaW LV cXUUHQWO\

SRVVLbOH WKURXJK aHULaO RYHUIOLJKWV aQd acW aV aQ HaUO\ ZaUQLQJ V\VWHP WR SURPSW PaQaJHPHQW

LQWHUYHQWLRQ, SaUWLcXOaUO\ aORQJ bXV\ YHVVHO WUaIILc URXWHV SaVVLQJ WKURXJK MPANV. SXcK VHQVRUV

aUH bHcRPLQJ LQcUHaVLQJO\ aXWRPaWHd aQd cRQQHcWHd WKURXJK a QHWZRUNHd PaULQH µIQWHUQHW RI

TKLQJV (IRT)¶, RSHQLQJ XS QHZ SRVVLbLOLWLHV IRU V\QcKURQL]Hd aQd HYHQW-baVHd PRQLWRULQJ acURVV

OaUJH aUHaV (GOaYLaQR HW aO. 2022).

LRQJ-WHUP PRQLWRULQJ RI SOaQNWRQ cRPPXQLWLHV XVLQJ opWical sensors H[LVWV acURVV PaQ\

UHJLRQV ZLWK MPANV (EULNVHQ HW aO. 2015), aQd LV cRQVLdHUHd aQ LQWHJUaO SaUW RI WKH HYaOXaWLRQ RI
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RcHaQ KHaOWK IRU aVVHVVLQJ HcRV\VWHP UHVSRQVHV RI SULPaU\ SURdXcHUV aQd ORZHU WURSKLc OHYHOV

WR HQYLURQPHQWaO cKaQJH. IQ aQ MPA cRQWH[W, KHWHURJHQHLW\ LQ SOaQNWRQ dLVWULbXWLRQV caQ LQIRUP

VLWH VHOHcWLRQ WR SURWHcW aUHaV RI QaWXUaOO\ KLJK SURdXcWLYLW\ (TZHddOH HW aO. 2018), ZKLOH

dHYLaWLRQV IURP W\SLcaO ORQJ-WHUP WUHQdV LQ RI SOaQNWRQ VSHcLHV cRPSRVLWLRQ, abXQdaQcH, RU

bLRPaVV RYHU VSacH aQd WLPH caQ aOVR LQIRUP adaSWLYH PaQaJHPHQW b\ SURYLdLQJ HaUO\ VLJQaOV

RI aQRPaORXV cRQdLWLRQV, cKaQJHV LQ UHcUXLWPHQW, UaQJH H[SaQVLRQV, WKH aUULYaO RI PaULQH

LQYaVLYH VSHcLHV, WKH HaUO\ VWaJHV RI KaUPIXO aOJaO bORRPV, aQd ORQJ-WHUP cOLPaWH cKaQJH

(EULNVHQ HW aO. 2019, MacN HW aO. 2020, RaWQaUaMaK HW aO. 2023).

WKHUHaV SOaQNWRQ VSHcLHV cRPSRVLWLRQ aQd UHOaWLYH abXQdaQcH KaV bHHQ WUadLWLRQaOO\ PHaVXUHd

WKURXJK WLPH-LQWHQVLYH YLVXaO LQVSHcWLRQ b\ WUaLQHd Wa[RQRPLVWV LQ a Oab, WHcKQRORJLcaO

adYaQcHPHQWV LQ aXWRPaWHd RSWLcaO PHWKRdV VXcK aV opWical imaging idenWificaWion,
flXoromeWr\, aQd imaging floZ c\WomeWr\ cRXSOHd ZLWK aXWomaWed opWical imaging
idenWificaWion aOJRULWKPV XVLQJ HPHUJLQJ WHcKQRORJ\ VXcK aV PacKLQH OHaUQLQJ RIIHU IaVW aQd

HIILcLHQW KLJK-WKURXJKSXW aQaO\VLV RI OaUJH VaPSOHV RI bRWK SK\WRSOaQNWRQ aQd ]RRSOaQNWRQ,

LQcOXdLQJ LcKWK\RSOaQNWRQ RU ILVK OaUYaH (SSaQbaXHU HW aO. 2020). TKHVH LQVWUXPHQWV aUH W\SLcaOO\

dHSOR\Hd IURP aQ RcHaQRJUaSKLc YHVVHO RU LQVWaOOHd aW IL[Hd ORcaWLRQV IRU ORQJ-WHUP VaPSOLQJ

aQd aUH caSabOH RI cOaVVLI\LQJ aQd HQXPHUaWLQJ SOaQNWRQ WKURXJK dLIIHUHQcHV LQ RSWLcaO

SURSHUWLHV VXcK aV VL]H, VKaSH, OLJKW abVRUSWLRQ, SLJPHQWaWLRQ, aQd IOXRUHVcHQcH XQdHU UV OLJKW

(DaQRYaUR HW aO. 2017, SSaQbaXHU HW aO. 2020).

MaQ\ VSHcLILc LQVWUXPHQWV ZLWKLQ WKLV cOaVV H[LVW, HacK RI ZKLcK KaV bHHQ dHVLJQHd WR aQVZHU

VSHcLILc UHVHaUcK TXHVWLRQV aQd cRPHV ZLWK LWV RZQ WUadH-RIIV (UHYLHZHd LQ SSaQbaXHU HW aO.

2020). FRU H[aPSOH, VRPH caQ SURYLdH cRaUVHU-OHYHO Wa[RQRPLc LQIRUPaWLRQ bXW caQQRW PaWcK

WKH OHYHO RI Wa[RQRPLc dHWaLO SRVVLbOH WKURXJK YLVXaO LdHQWLILcaWLRQ b\ WUaLQHd Wa[RQRPLVWV. TR

KHOS RYHUcRPH WKHVH OLPLWaWLRQV, VRPH RSWLcaO PHWKRdV aUH bHLQJ SaLUHd ZLWK HDNA PROHcXOaU

VHQVRUV RU VaPSOLQJ WKaW LV caSabOH RI SURYLdLQJ PRUH dHWaLOHd LQIRUPaWLRQ RQ WKH VSHcLHV

cRPSRVLWLRQ aQd UHOaWLYH abXQdaQcH RI RUJaQLVPV ZLWKLQ SOaQNWRQ cRPPXQLWLHV WKaW LV VLPLOaU LQ

LWV UHVROXWLRQ bXW PRUH HIILcLHQW WKaQ YLVXaO LdHQWLILcaWLRQ b\ WUaLQHd Wa[RQRPLVWV (EUVKRYa HW aO.

2021). AOWKRXJK WKH OacN RI UHIHUHQcH VaPSOHV IRU SOaQNWRQLc cRPPXQLWLHV LV aQ LVVXH, WKHLU

aYaLOabLOLW\ LV VWHadLO\ LPSURYLQJ (RaWQaUaMaK HW aO. 2023).
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FigXre 20: AQ H[aPSOH RI aQ LQ-VLWX

RSWLcaO VHQVRU XVHd IRU cKaUacWHUL]LQJ

SOaQNWRQ aVVHPbOaJHV, WKH IPaJLQJ

FORZ C\WRBRW (IFCB), aQd LWV

TXaQWLWaWLYH aQd YLVXaO RXWSXWV.

IPaJH cUHdLWV T CUaZIRUd aQd HHLdL

SRVLN IRU WRRdV HROH

OcHaQRJUaSKLc IQVWLWXWH (WHOI).

RemoWe UnderZaWer Video SWaWions

KH\ DLPHQVLRQV aQd IQdLcaWRUV: EcRORJLcaO (VSHcLHV RccXUUHQcH, VL]H, abXQdaQcH, cRPPXQLW\

cRPSRVLWLRQ, bHKaYLRXU, KabLWaW VWaWXV)

RHPRWH XQdHUZaWHU YLdHR VWaWLRQV aUH LQcUHaVLQJO\ bHLQJ XVHd IRU VWaQdaUdL]Hd, cRVW-HIILcLHQW,

aQd QRQ-dHVWUXcWLYH VXUYH\V RI PaULQH ILVK aQd LQYHUWHbUaWH cRPPXQLWLHV WR RYHUcRPH WLPH,

dHSWK, aQd SHUVRQQHO OLPLWaWLRQV aVVRcLaWHd ZLWK PRUH WUadLWLRQaO VXUYH\ PHWKRdV VXcK aV

dLYH-baVHd VXUYH\V RU WKH cRVW RI PRUH adYaQcHd VXUYH\ PHWKRdV VXcK aV XQdHUZaWHU YHKLcOHV.

TKLV WHcKQLTXH OHQdV LWVHOI SaUWLcXOaUO\ ZHOO WR VWaQdaUdL]Hd HcRORJLcaO PRQLWRULQJ WKURXJK

dHSOR\PHQW RI XQLWV acURVV PXOWLSOH VLWHV ZLWKLQ MPANV, ZKLcK caQ IacLOLWaWH daWa aJJUHJaWLRQ IRU

ZKROH QHWZRUN aVVHVVPHQWV RI HIIHcWLYHQHVV ZKLOH cRQWUROOLQJ IRU cRQIRXQdLQJ IacWRUV WKaW Pa\

bH LQWURdXcHd ZKHQ cRPbLQLQJ daWa IURP PXOWLSOH PRQLWRULQJ PHWKRdV (KQRWW HW aO. 2021). TKHVH

XQLWV cRQVLVW RI RQH RU WZR XQdHUZaWHU YLdHR caPHUaV aQd baWWHU\ V\VWHP LQ a KRXVLQJ PRXQWHd

RQ a IUaPH WR UaLVH LW abRYH WKH VHabHd RYHU a VWaQdaUd VRaN WLPH, aIWHU ZKLcK WKH XQLW LV

UHWULHYHd IRU daWa dRZQORad. TKH caPHUa XQLW Pa\ bH IL[Hd IRU a cRQVWaQW ILHOd RI YLHZ RU Pa\ bH

SaLUHd ZLWK a PRWRU WR URWaWH aW VHW LQWHUYaOV WR caSWXUH a SaQRUaPLc YLHZ RI bRWK RUJaQLVPV aQd

VXUURXQdLQJ KabLWaWV, aQd WKH XVH RI WZR caPHUaV aOORZV IRU VWHUHRVcRSLc YLVLRQ WKaW LPSURYHV

WKH abLOLW\ WR PHaVXUH WKH VL]H aQd dLVWaQcH RI RbMHcWV LQ WKH IUaPH (LaQJORLV HW aO. 2020,

PHOOHWLHU HW aO. 2021). EIIRUWV WR UHdXcH WKH cRVW RI VXcK V\VWHPV aUH RQJRLQJ aQd VLPLOaU

RSHQ-VRXUcH dHVLJQV VXcK aV WKH FLVKCaP ZKLcK LV HaVLO\ UHSURdXcHd IRU OHVV WKaQ $500 USD
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SURPLVH WR PaNH WKHVH PHWKRdV PRUH accHVVLbOH WR a ZLdH UaQJH RI RUJaQL]aWLRQV, SRWHQWLaOO\

LQcOXdLQJ cRPPXQLW\ SaUWQHUV LQ MPAN PRQLWRULQJ (MRX\ HW aO. 2020).

TKLV PHWKRd PRVW RIWHQ WaNHV WKH IRUP RI baiWed remoWe XnderZaWer Yideo (BRUV) (FLJXUH 5

A) ZKHUH baLW, VXcK aV ORcaOO\ VRXUcHd RLO\ ILVK LQ a PHVK baJ, LV PRXQWHd RQ aQ aUP LQ IURQW RI

WKH caPHUa WR aWWUacW ILVK IURP WKH VXUURXQdLQJ aUHa WR LQcUHaVH WKH OLNHOLKRRd RI VKRUW-UaQJH

RbVHUYaWLRQV IRU LPSURYHd VSHcLHV LdHQWLILcaWLRQ aQd VL]H PHaVXUHPHQW (LaQORLV HW aO. 2020).

HRZHYHU, WKLV PHWKRd LV VXbMHcW WR biases UHOaWHd WR baLW aWWUacWLRQ, WURSKLc JURXSV VaPSOHd, aQd

bHKaYLRXUaO cRQdLWLRQV WKaW caQ YaU\ acURVV VSaWLaO aQd WHPSRUaO VcaOHV aQd RcHaQRJUaSKLc

cRQdLWLRQV (WLQHV HW aO. 2020). TKHVH bLaVHV caQ bH PLWLJaWHd WKURXJK caUHIXO VWXd\ dHVLJQ VXcK

aV VSaWLaOO\ baOaQcHd VaPSOLQJ, RbVHUYaWLRQV IURP bRWK MPAV aQd UHIHUHQcH VLWHV, aQd

accRXQWLQJ IRU cRQIRXQdLQJ HQYLURQPHQWaO YaULabOHV LQ VSHcLHV dLVWULbXWLRQ RU RWKHU PRdHOV

baVHd RQ BRUV daWa (WLQHV HW aO. 2020, LaQJORLV HW aO. 2020). AQ aOWHUQaWLYH aSSURacK KaV

bHHQ WKH dHYHORSPHQW RI XnbaiWed remoWe XnderZaWer Yideo (URUV) (FLJXUH 5 B) SURWRcROV,

ZKLcK cLUcXPYHQW bLaVHV UHOaWHd WR baLW aWWUacWLRQ aQd SUHcOXdH WKH QHHd IRU VKRUW VRaN WLPHV RI

30 WR 60 PLQXWHV WR accRXQW IRU baLW dHSOHWLRQ, aOORZLQJ IRU ORQJHU RbVHUYaWLRQ SHULRdV RI 15

KRXUV RU PRUH OLPLWHd SULPaULO\ b\ baWWHU\ caSacLW\ (PHOOHWLHU HW aO. 2021).

DHVSLWH WKHLU acNQRZOHdJHd bLaVHV, aQd ZLWK caUHIXO aWWHQWLRQ WR PLWLJaWLQJ WKHP, BRUVV KaYH

bHHQ ZLdHO\ XVHd IRU MPA PRQLWRULQJ, LQcOXdLQJ LQ MPAN-scale assessmenWs RI cKaQJHV LQ WKH

UHOaWLYH abXQdaQcH aQd dLYHUVLW\ RI WaUJHW aQd QRQ-WaUJHW ILVK VSHcLHV WR dHPRQVWUaWH cRQVLVWHQW

bHQHILWV RI SURWHcWLRQ dHVSLWH VXbUHJLRQaO dLIIHUHQcHV LQ ILVK aVVHPbOaJHV PHaVXUHd (KQRWW HW aO.

2021, BRVcK HW aO. 2022). VLdHR PRQLWRULQJ LV aOVR SaUWLcXOaUO\ ZHOO-VXLWHd WR PRQLWRULQJ UK\WKPLc

VKLIWV LQ WKH SUHVHQcH aQd bHKaYLRXU RI dLIIHUHQW VSHcLHV aQd cRPPXQLW\ aVVHPbOaJHV WKaW

HPHUJH acURVV da\-nighW WransiWions ZLWKLQ MPAV, ZKLcK caQ bH ORJLVWLcaOO\ cKaOOHQJLQJ WR

PRQLWRU XVLQJ PRUH LQVWaQWaQHRXV W\SHV RI VXUYH\V (HXQRMRVa HW aO. 2020). DaWa IURP PaQ\

BRUV PRQLWRULQJ VLWHV caQ aOVR bH XVHd aV LQSXWV WR UHJLRQaO-VcaOH SUHdLcWLYH VSHcLHV

dLVWULbXWLRQ PRdHOV RI NH\ HcRORJLcaO LQdLcaWRUV VXcK aV abXQdaQcH, ULcKQHVV, aQd bLRPaVV

(FigXre 21 D, WKLWPaUVK HW aO. 2023).
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FigXre 21: DHSOR\PHQW RI (A) a VWHUHRVcRSLc baLWHd UHPRWH XQdHUZaWHU YLdHR (BRUV) XQLW (CUHdLW:

LaQJORLV HW aO. 2020), a (B) SaQRUaPLc XQbaLWHd UHPRWH XQdHUZaWHU YLdHR (BRUV) XQLW (CUHdLW: PHOOHWLHU HW

aO. 2021), (C) aQ H[aPSOH RI BRUV dHSOR\PHQW (UHd dRWV) acURVV PXOWLSOH MPAV IRU aVVHVVPHQW RI WKH

HIIHcWV RI SURWHcWLRQ RQ ILVK cRPPXQLW\ UHcRYHU\ (CUHdLW: KQRWW HW aO. 2021), aQd (D), aQ H[aPSOH RI BRUV

VWaWLRQ daWa (OHIW) XVHd aV aQ LQSXW WR UHJLRQaO VSHcLHV dLVWULbXWLRQ PRdHOOLQJ RI VSHcLHV ULcKQHVV (ULJKW) LQ

WKH CaSH HRZH MaULQH NaWLRQaO PaUN LQ WKH VLcWRULa (AXVWUaOLa) MPAN (CUHdLW: WKLWPaUVK HW aO. 2023).

UnderZaWer Vehicles

KH\ DLPHQVLRQV aQd IQdLcaWRUV: EQYLURQPHQWaO (ZaWHU TXaOLW\, SULPaU\ SURdXcWLYLW\, acRXVWLc

HQYLURQPHQW), EcRORJLcaO (VSHcLHV RccXUUHQcH, abXQdaQcH, cRPPXQLW\ cRPSRVLWLRQ, bHKaYLRXU)

RemoWel\ operaWed Yehicles (ROVs) aUH PaQHXYHUabOH RU WRZHd SURILOHUV cRQQHcWHd WR a

YHVVHO b\ cabOLQJ WKaW caQ RSHUaWH LQ WKUHH dLPHQVLRQV WR cROOHcW daWa XVLQJ a UaQJH RI

LQVWUXPHQWV LQcOXdLQJ YLdHR caPHUaV, VRQaU V\VWHPV, aQd aUWLcXOaWHd aUPV XVHd WR cROOHcW

VaPSOHV RU PaQLSXOaWH RbMHcWV (RRVHQ aQd LaXHUPaQ 2016). TKHVH V\VWHPV aUH RIWHQ XVHd aV

SaUW RI VWaQdaUdL]Hd VXUYH\ PHWKRdV IRU ORQJ-WHUP PRQLWRULQJ, VXcK aV UHSHaWHd PHaVXUHPHQWV
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XVLQJ SKRWR TXadUaWV RU YLdHR WUaQVHcWV IRU aVVHVVPHQW RI HcRORJLcaO cRPPXQLWLHV. BHcaXVH RI

WKHLU RSHUaWLRQaO UaQJH, ROVV KHOS WR HQKaQcH VSaWLaO aQd WHPSRUaO cRYHUaJH RI PRQLWRULQJ

daWa acURVV ZLdHU aUHaV RU cROOHcW KLJK-UHVROXWLRQ daWa LQ VSHcLILc aUHaV RI LQWHUHVW, LQcOXdLQJ WR

cROOHcW baVHOLQH daWa SULRU WR MPA LPSOHPHQWaWLRQ aQd WR aVVHVV WKH HIIHcWLYHQHVV RI SURWHcWLRQ

IRU VHQVLWLYH dHHS-ZaWHU KabLWaWV ZLWKLQ MPAV, VXcK aV cROd-ZaWHU cRUaOV aQd VSRQJH UHHIV

(RRVHQ aQd LaXHUPaQ 2016, Vad HW aO. 2017, MacN HW aO. 2020). AXWonomoXs XnderZaWer
Yehicles (AUVs), RU WKHLU VPaOOHU aQd OHVV cRVWO\ cRXQWHUSaUWV gliders, caQ QaYLJaWH aORQJ a

SUHSURJUaPPHd URXWH XS WR 1,500 P WR JHQHUaWH KRUL]RQWaO SURILOHV SI SK\VLcaO, cKHPLcaO aQd

bLRORJLcaO SaUaPHWHUV aQd aUH SaUWLcXOaUO\ XVHIXO IRU PRQLWRULQJ LQ dHHSHU ZaWHUV, LQKRVSLWabOH

cRQdLWLRQV, RU LQ RYHUKHad HQYLURQPHQWV VXcK aV XQdHU VHa LcH (MacN HW aO. 2020). EPHUJLQJ

WHcKQRORJLHV aUH aOVR OHadLQJ WR WKH dHYHORSPHQW RI AUVV ZLWK QRYHO VHQVRUV IRU dHWHcWLQJ aQd

aQaO\]LQJ WUacH SROOXWaQWV VXcK aV K\dURcaUbRQV LQ VLWX (DaQRYaUR HW aO. 2017) aV ZHOO aV

JURZLQJ SRWHQWLaO IRU WKH XVH RI PacKLQH OHaUQLQJ aOJRULWKPV IRU aXWRPaWHd LPaJH SURcHVVLQJ

aQd dHWHcWLRQ RI XQdHUZaWHU KabLWaWV aQd VSHcLHV (H.J., LQYaVLYH VSHcLHV, CaUYaOKR HW aO. 2023).

AOWKRXJK WKH cRVW RI WKHVH WHcKQRORJLHV VWLOO SURKLbLWV ZLdHVSUHad XVH, LW Pa\ RQH da\ bH

SRVVLbOH WR SURJUaP aXWRQRPRXV YHKLcOHV WR IROORZ VHW URXWHV acURVV aOO MPAV ZLWKLQ a QHWZRUN

IRU PRUH cRPSOHWH PRQLWRULQJ WKaQ LV cXUUHQWO\ SRVVLbOH.

FigXre 22: IPaJHV RI XQdHUZaWHU YHKLcOHV LQcOXdLQJ (A) UHPRWHO\ RSHUaWHd WRZHd YHKLcOH (CUHdLW: MaUN

AUWQH\ LQ MacN HW aO. 2020), (B) aQ aXWRQRPRXV JOLdHU (CUHdLW: KLPPR TLNNa LQ MacN HW aO. 2020), aQd (C)

a UHPRWHO\ RSHUaWHd YHKLcOH (CUHdLW: OcHaQ NHWZRUNV CaQada).

Cabled Marine ObserYaWories

KH\ DLPHQVLRQV aQd IQdLcaWRUV: EQYLURQPHQWaO (ZaWHU TXaOLW\, SULPaU\ SURdXcWLYLW\, baWK\PHWU\,

cRaVWaO IHaWXUHV), EcRORJLcaO (VSHcLHV RccXUUHQcH, cRPPXQLW\ cRPSRVLWLRQ)

CabOHd VHaIORRU PaULQH RbVHUYaWRULHV aUH caSabOH RI cROOHcWLQJ cRQWLQXRXV daWa RQ QXPHURXV

SaUaPHWHUV RI LQWHUHVW IRU PaULQH PaQaJHPHQW. TKHVH SOaWIRUPV aUH caSabOH RI KRXVLQJ PXOWLSOH

LQVWUXPHQWV, LQcOXdLQJ cKHPLcaO, SK\VLcaO, acRXVWLc, aQd RSWLcaO VHQVRUV, WKaW aUH cRQQHcWHd WR
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XQdHUZaWHU cabOHV IRU UHaO-WLPH daWa WUaQVPLVVLRQ WR WKH VXUIacH aQd RIWHQ aOORZ LWV LQVWUXPHQWV

WR bH SRZHUHd IURP VKRUH (FOaJJ HW aO. 2020). TKLV cRQILJXUaWLRQ aOORZV RbVHUYaWRULHV WR cROOHcW

V\QcKURQL]Hd daWa RQ PXOWLSOH SaUaPHWHUV \HaU-URXQd aQd aW KLJK WHPSRUaO UHVROXWLRQ,

SaUWLcXOaUO\ LQ WKH dHHS VHa, IacLOLWaWLQJ cRQWH[WXaO aQaO\VLV RI UHOaWLRQVKLSV bHWZHHQ SK\VLcaO

aQd HcRORJLcaO RbVHUYaWLRQV aQd RYHUcRPLQJ OLPLWaWLRQV RI PaQ\ RWKHU PHWKRdV OLPLWHd b\

baWWHU\ SRZHU RU KXPaQ WLPH cRQVWUaLQWV (DaQRYaUR HW aO. 2017, FOaJJ HW aO. 2020, DaQRYaUR HW

aO. 2020). LRcaWLRQV aUH VWUaWHJLcaOO\ cKRVHQ ZLWK PaQaJHUV RU SaUWQHU cRPPXQLWLHV WR VXSSRUW

ORcaO HQYLURQPHQWaO PRQLWRULQJ SURJUaPV aQd LQIRUP dHcLVLRQ-PaNLQJ (FOaJJ HW aO. 2020).

FRU H[aPSOH, OcHaQ NHWZRUNV CaQada RSHUaWHV aQ H[WHQVLYH QRdH-baVHd QHWZRUN RI OaUJH

WHOHcRPPXQLcaWLRQ cabOHd RbVHUYaWRULHV WKURXJK LWV NEPTUNE aQd VENUS QHWZRUNV (FLJXUH

23) aV ZHOO aV VPaOOHU cRPPXQLW\-baVHd cabOHd RbVHUYaWRULHV aQd XQcabOHd VHQVRUV

cROOHcWLYHO\ KRXVLQJ RYHU 9,000 VHQVRUV acURVV aOO WKUHH RI CaQada¶V cRaVWV. TKLV QHWZRUN KaV

bHHQ XVHd WR KHOS aQVZHU a ZLdH UaQJH RI HcRORJLcaO UHVHaUcK TXHVWLRQV RQ bLRJHRcKHPLcaO

SURcHVVHV, bLRdLYHUVLW\, bHKaYLRXU, XQdHUZaWHU QRLVH, VHLVPLc acWLYLW\, ZHaWKHU, aQd cOLPaWH

cKaQJH. TKH QHWZRUN LV VXSSRUWHd b\ aQ H[WHQVLYH daWa PaQaJHPHQW aQd aUcKLYH V\VWHP aQd

aVVRcLaWHd RSHQ daWa SRUWaO LQWHQdHd WR PaNH RYHU 10 \HaUV RI daWa RbVHUYaWLRQV WR daWH RSHQO\

aYaLOabOH WR XVHUV aURXQd WKH ZRUOd (MRUaQ HW aO. 2022). AOWKRXJK LW LV QRW IHaVLbOH WR dHSOR\

VXcK SOaWIRUPV aW HYHU\ VLWH ZLWKLQ a MPAN, H[LVWLQJ QHWZRUNV caQ SURYLdH cULWLcaO LQIRUPaWLRQ

abRXW VKRUW- aQd ORQJ-WHUP HQYLURQPHQWaO cKaQJH WKaW LV QHcHVVaU\ IRU LQWHUSUHWLQJ PRQLWRULQJ RI

RWKHU SaUaPHWHUV RI LQWHUHVW, ZKLOH VWUaWHJLc dHSOR\PHQW RI addLWLRQaO cRPPXQLW\ RbVHUYaWRULHV

caQ KHOS SURYLdH PRUH LQVLJKWV RQ SHUIRUPaQcH RI VHOHcW MPA VLWHV RI SaUWLcXOaU LPSRUWaQcH.

FigXre 23: (A) DLaJUaP RI WKH cRPSRQHQWV RI a cabOHd RcHaQ RbVHUYaWRU\ QRdH ZLWKLQ WKH VENUS

QHWZRUN aQd (B) dHSOR\PHQW RI a cRPSacW cRPPXQLW\ RbVHUYaWRU\. CUHdLWV: OcHaQ NHWZRUNV CaQada.
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RemoWe Sensing MeWhods

RHPRWH VHQVLQJ XVLQJ RSWLcaO, acRXVWLc, VaWHOOLWH, aQd RWKHU HOHcWURQLc WHcKQRORJLHV KaV

VLJQLILcaQWO\ adYaQcHd WKH SRWHQWLaO IRU PRQLWRULQJ PXOWLSOH dLPHQVLRQV aQd LQdLcaWRUV RI LQWHUHVW

IRU aVVHVVPHQW aQd PaQaJHPHQW RI MPAV, SaUWLcXOaUO\ MPANV H[WHQdLQJ RYHU UHPRWH UHJLRQV

aQd OaUJH JHRJUaSKLc VcaOHV, WR SURYLdH a PRUH cRPSUHKHQVLYH SLcWXUH RI PaULQH HcRV\VWHPV

(KacKHOULHVV HW aO. 2014, Ma[ZHOO HW aO. 2014, DaQRYaUR HW aO. 2017, MacN HW aO. 2020).

OpWical

KH\ DLPHQVLRQV aQd IQdLcaWRUV: EQYLURQPHQWaO (ZaWHU TXaOLW\, SULPaU\ SURdXcWLYLW\, baWK\PHWU\,

cRaVWaO IHaWXUHV), EcRORJLcaO (VSHcLHV RccXUUHQcH, VSaWLaO dLVWULbXWLRQ, abXQdaQcH, cRPPXQLW\

cRPSRVLWLRQ), GRYHUQaQcH (cRPSOLaQcH, PaQaJHPHQW HIIHcWLYHQHVV)

OSWLcaO UHPRWH VHQVLQJ PHWKRdV XVLQJ a ZLdH UaQJH RI aLUbRUQH aQd VaWHOOLWH VHQVRUV caQ

VXSSRUW dLUHcW PRQLWRULQJ RI enYironmenWal condiWions VXcK aV VHa VXUIacH WHPSHUaWXUH,

VaOLQLW\, aQd SULPaU\ SURdXcWLYLW\ (MHUNRKaVaQaM HW aO. 2019, SaJaU HW aO. 2020) aV ZHOO aV WKH

disWribXWions and characWerisWics of species VXcK aV ZKaOHV (GXLUadR HW aO. 2019) and
habiWaWs VXcK aV NHOS (NLMOaQd HW aO. 2019, CaYaQaXJK HW aO. 2021, GHQdaOO HW aO. 2023) RU

VHaJUaVV bHdV (O¶NHLOO HW aO. 2013, MHUNRKaVaQaM HW aO. 2019, MXUSK\ HW aO. 2021). CaUHIXO VWXd\

dHVLJQ aQd VHTXHQWLaO LPaJH acTXLVLWLRQ aW PXOWLSOH VLWHV RYHU PXOWLSOH WLPHSRLQWV caQ bH XVHd WR

PHaVXUH LQdLcaWRUV VXcK aV WKH H[WHQW RU dHQVLW\ RI VHaJUaVV aQd NHOS KabLWaWV LQVLdH aQd

RXWVLdH MPAV RYHU WLPH (MHUNRKaVaQaM HW aO. 2019, SaJaU HW aO. 2020).

TKHUH LV aOVR JURZLQJ LQWHUHVW LQ WKH XVH RI HPHUJLQJ Yer\ high resolXWion (VHR) saWelliWe
imager\ IRU PRQLWRULQJ OaUJH-bRdLHd marine megafaXna, LQcOXdLQJ VKaUNV, SLQQLSHdV, dROSKLQV,

aQd ZKaOHV, WR aVVHVV SUHVHQcH, abXQdaQcH, dHQVLW\, dLVWULbXWLRQ, aQd HYHQ KHaOWK VWaWXV b\

VSHcLHV IRU LQIRUPLQJ PaQaJHPHQW dHcLVLRQV. UVLQJ VHR VaWHOOLWH LPaJHU\ IRU PRQLWRULQJ PaULQH

PHJaIaXQa ZRXOd KHOS WR UHdXcH baUULHUV WR PRQLWRULQJ LQ UHPRWH RU LQaccHVVLbOH aUHaV aQd RYHU

OaUJHU VcaOHV, LQcOXdLQJ acURVV MPAV, WKaW ZRXOd bH cKaOOHQJLQJ XVLQJ PRUH cRQYHQWLRQaO

PRQLWRULQJ PHWKRdV XVLQJ bRaW, OaQd, RU aHULaO SOaWIRUPV (GHQdaOO HW aO. 2022, TXOORcK HW aO.

2022). HRZHYHU, VRPH OLPLWaWLRQV VWLOO SUHVHQW baUULHUV WR bURadHU LPSOHPHQWaWLRQ RI VaWHOOLWH

PRQLWRULQJ RI PaULQH PHJaIaXQa. TKHVH LQcOXdH animal behaviour, ZKHUH aQLPaOV caQ bH

dLIILcXOW WR dHWHcW ZKHQ VXbPHUJHd, YHUWLcaO, RU PRUH VSaUVHO\ dLVWULbXWHd; weather conditions,

LQcOXdLQJ cORXd\ da\V WKaW WHQd WR LQcUHaVH ZLWK OaWLWXdH aQd URXJK VHaV RSHQ ZaWHU ZKLcK caQ

PaNH LW cKaOOHQJLQJ WR dHWHcW aQLPaOV aPLd OaUJH ZaYHV; and cost, ZKLcK UHPaLQV SURKLbLWLYH aW
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OaUJH UHJLRQaO VcaOHV (GXLUadR HW aO. 2019, CaYaQaXJK HW aO. 2021, GHQdaOO HW aO. 2022).

HRZHYHU, cRPSOHPHQWaU\ PRQLWRULQJ PHWKRdV VXcK aV YLVXaO RbVHUYaWLRQ, K\dURSKRQH

UHcRUdLQJV, RU SUHdLcWLYH IRUHcaVWLQJ RI aQLPaO PRYHPHQWV caQ bH XVHd LQ a µWLS aQd cXH¶

ZRUNIORZ WR WULJJHU PRUH IRcXVHd acTXLVLWLRQ RI VaWHOOLWH LPaJHU\ LQ aUHaV ZLWK UHcHQW HYLdHQcH RI

ZKaOH acWLYLW\ aV ZHOO aV LVVXH aOHUWV IRU PaULQH PaQaJHPHQW PHaVXUHV (GHQdaOO HW aO. 2022).

RHPRWH VHQVLQJ WHcKQRORJ\ LV aOVR LQcUHaVLQJO\ bHLQJ XVHd WR PRQLWRU hXman pressXres RQ

PaULQH V\VWHPV VXcK aV pollXWion IURP QXWULHQW LQSXWV (O¶NHLOO HW aO. 2013), VHdLPHQW LQSXWV

(KRVWLaQR\ HW aO. 2022a), RU RLO VSLOOV (BHUWa]]RQ HW aO. 2014, KRVWLaQR\ HW aO. 2022b), fishing
acWiYiW\ (RRZOaQdV HW aO. 2019), Yessel Wraffic (LLX HW aO. 2017, SHUUa-SRJaV HW aO. 2021), aQd

anchoring impacWs RQ PaULQH HcRV\VWHPV (UQVZRUWK HW aO. 2017). TKLV W\SH RI LQIRUPaWLRQ caQ

bH XVHd WR aVVHVV PaQaJHPHQW HIIHcWLYHQHVV IRU SURKLbLWHd acWLYLWLHV acURVV MPANV aQd LQIRUP

PaQaJHPHQW acWLRQ (H.J., MHUNRKaVaQaM HW aO. 2019).

IQ addLWLRQ, bRWK HcRORJLcaO aQd aQWKURSRJHQLc UHPRWH VHQVLQJ daWa aUH RIWHQ XVHd WR JHQHUaWH

daWa Oa\HUV WKaW aUH QHcHVVaU\ IRU predicWiYe modelling RI VSHcLHV, KabLWaW, aQd KXPaQ acWLYLW\

dLVWULbXWLRQV (DaQRYaUR HW aO. 2017).

NRWabO\, differenW remoWe sensing plaWforms aUH aVVRcLaWHd ZLWK dLIIHUHQW caSabLOLWLHV aQd

SOaWIRUP VHOHcWLRQ dHSHQdV RQ WKH UHVHaUcK TXHVWLRQ aQd dHVLUHd VSaWLaO UHVROXWLRQ RI LQWHUHVW.

FRU H[aPSOH, dLIIHUHQW HaUWK RbVHUYaWLRQ VaWHOOLWHV aUH aVVRcLaWHd ZLWK dLIIHUHQW UHVROXWLRQV,

VSHcWUaO baQdV, aQd LPaJLQJ IUHTXHQcLHV WKaW LQIOXHQcH WKHLU SHUIRUPaQcH IRU dLIIHUHQW cRaVWaO

aQd VKaOORZ-ZaWHU PRQLWRULQJ aSSOLcaWLRQV VXcK aV PHaVXULQJ ZaWHU TXaOLW\, PaULQH aTXaWLc

YHJHWaWLRQ, RU baWK\PHWU\ (UHYLHZHd LQ SaJaU HW aO. 2020, CaYaQaXJK HW aO. 2021). HRZHYHU,

WKHLU XVH Pa\ bH OLPLWHd b\ SRRU ZHaWKHU cRQdLWLRQV (H.J., cORXd cRYHU) RU WKH cRVWV RI acTXLULQJ

YHU\ KLJK UHVROXWLRQ LPaJHU\ QHHdHd IRU VSHcLILc aSSOLcaWLRQV VXcK aV RbMHcW LdHQWLILcaWLRQ

(GHQdaOO HW aO. 2022). AHULaO VXUYH\ SOaWIRUPV VXcK aV SLORWHd RU XQPaQQHd aHULaO YHKLcOHV

(AUVV) RU dURQHV aQd aHULaO cRaVWaO RbVHUYaWRULHV (ACOV) WKaW aUH IORZQ aW ORZHU aOWLWXdHV caQ

RYHUcRPH VRPH RI WKHVH cKaOOHQJHV WKURXJK WKH abLOLW\ WR IO\ bHORZ cORXd cRYHU aQd caSWXUH

YHU\ KLJK UHVROXWLRQ LPaJHU\ WKaW caQ bH XVHd IRU ILQHU-VcaOH LdHQWLILcaWLRQ RI PaULQH VSHcLHV RU

WKHLU bHKaYLRXUV (JRKQVWRQ HW aO. 2019, MacN HW aO. 2020). HRZHYHU, WKHVH ORZ-aOWLWXdH PHWKRdV

cRPH ZLWK WUadH-RIIV LQcOXdLQJ cKaOOHQJHV VXUYH\LQJ OaUJHU aUHaV aQd WKH SRWHQWLaO IRU

bHKaYLRXUaO UHVSRQVHV RI aQLPaOV OLNH PaULQH PaPPaOV, UHSWLOHV, aQd bLUdV WR dLVWXUbaQcH

XQOHVV dLVWaQcH RU HOHYaWLRQ VHWbacNV aUH aSSOLHd (BHYaQ HW aO. 2018, AXbLQ HW aO. 2023).
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OQcH acTXLUHd, WKH anal\sis of raZ saWelliWe imager\ KaV KLVWRULcaOO\ bHHQ WLPH- aQd

OabRXU-LQWHQVLYH, LPSURYHPHQWV LQ WHcKQRORJ\ aUH QRZ RSHQLQJ XS SRVVLbLOLWLHV IRU

cURZdVRXUcLQJ RU aXWRPaWHd LdHQWLILcaWLRQ aQd cOaVVLILcaWLRQ RI RbMHcWV aQd aUHaV LQ VaWHOOLWH

LPaJHU\ XVLQJ PacKLQH aQd dHHS OHaUQLQJ RU QHXUaO QHWZRUNV baVHd RQ NQRZQ VSHcWUaO

SURSHUWLHV (CaYaQaXJK HW aO. 2021) cRPSaULVRQ WR H[LVWLQJ reference image libraries RI bRWK

PaULQH YHVVHOV (H.J., LLX HW a. 2017, BR HW aO. 2021, KL]ÕONa\a HW aO. 2022) aQd IaXQa (H.J.,

GXLUadR HW a. 2019, CXba\QHV aQd FUHWZHOO 2022). MRUHRYHU, aOO W\SHV RI UHPRWH VHQVLQJ bHQHILW

IURP groXnd-WrXWhing ZLWK ILHOd RbVHUYaWLRQV WR YaOLdaWH aQd LPSURYH WKH TXaOLW\ RI UHPRWH

VHQVLQJ daWa, SaUWLcXOaUO\ LQ cRaVWaO aQd HVWXaULQH V\VWHPV ZLWK KLJK RSWLcaO cRPSOH[LW\

(DaQRYaUR HW aO. 2017).

FigXre 24: A YLVXaO UHSUHVHQWaWLRQ RI WKH SURWRcRO IRU LdHQWLI\LQJ aQd cRXQWLQJ ZKaOHV LQ YHU\ KLJK

UHVROXWLRQ (VRH) VaWHOOLWH LPaJHU\ XVLQJ PacKLQH OHaUQLQJ, IURP a SLORW aSSOLcaWLRQ LQ WKH HaZaLLaQ

IVOaQdV. CUHdLW: GXLdaUR HW aO. 2019.

AcoXsWic

Key Dimensions and Indicators: EQYLURQPHQWaO (baWK\PHWU\, cRaVWaO IHaWXUHV), EcRORJLcaO

(dLVWULbXWLRQ, bRd\ VL]H, bLRPaVV), GRYHUQaQcH (cRPSOLaQcH, PaQaJHPHQW HIIHcWLYHQHVV,

SUHVVXUHV)
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A ZLdH UaQJH RI HVWabOLVKHd aQd HPHUJLQJ acRXVWLc PRQLWRULQJ PHWKRdV RIIHU aQRWKHU

QRQ-LQYaVLYH aSSURacK IRU PRQLWRULQJ PaULQH RUJaQLVPV, HcRV\VWHPV, aQd KXPaQ SUHVVXUHV

acURVV MPANV WKaW caQ RYHUcRPH WKH YLVLbLOLW\ aQd dHSWK OLPLWaWLRQV RI RSWLcaO UHPRWH VHQVLQJ

(DaQRYaUR HW a. 2017).

AcWiYe acoXsWic moniWoring PHWKRdV LQcOXdH WHcKQRORJLHV OLNH UadaU aQd VRQaU WKaW acWLYHO\

HPLW aQ acRXVWLc VLJQaO aQd OLVWHQ IRU UHIOHcWLRQV RU µHcKRHV¶ WR aVVHVV WKH dLVWaQcH, VKaSH, VL]H,

cRPSRVLWLRQ, RU RWKHU cKaUacWHULVWLcV RI WKH IHaWXUHV RI LQWHUHVW. FRU H[aPSOH, aXWRQRPRXV

coasWal radar VWaWLRQV caQ bH XVHd IRU cRQWLQXRXV, ILQH-VcaOH PRQLWRULQJ RI Yessel Wraffic
WUacNV, YROXPHV, aQd SaWWHUQV ZLWKLQ aQd aURXQd MPAV IURP a IL[Hd ORcaWLRQ RYHU WLPH (Ma[ZHOO

HW aO. 2014, CRSH HW aO. 2022). AOWKRXJK WKH\ caQQRW LdHQWLI\ LQdLYLdXaO YHVVHOV IRU HQIRUcHPHQW

acWLRQ, WKH\ caQ bH SaLUHd ZLWK WLPHOaSVH RU PRWLRQ-acWLYaWHd caPHUaV, aOVR NQRZQ aV

SHOI-AcWLYaWHd PKRWRJUaSKLc DHYLcH (SAPDV), WR SURYLdH cRPSOHPHQWaU\ LQIRUPaWLRQ (WLOVRQ HW

aO. 2022). TKLV PHWKRd caQ aOVR SURYLdH HYLdHQcH RI dLIIHUHQW fishing behaYioXrs aVVRcLaWHd

ZLWK WaUJHWLQJ dLIIHUHQW IRcaO VSHcLHV (H.J., PHaQdHULQJ PRYHPHQWV aVVRcLaWHd ZLWK OLQH ILVKLQJ,

WUaSSLQJ RU KaXOLQJ QHWV, VORZ OLQHaU PRYHPHQWV aVVRcLaWHd ZLWK WUaZOLQJ RU WUROOLQJ, aQd IaVW

OLQHaU PRYHPHQWV aVVRcLaWHd ZLWK WUaQVLW) aQd dRcXPHQW WKH disWribXWion of fishing HIIRUW LQ

UHOaWLRQ WR MPA bRXQdaULHV WR aVVHVV compliance ZLWK MPA UHJXOaWLRQV aQd cRPSOHPHQW

HcRORJLcaO daWa RQ SRWHQWLaO spilloYer effecWs ZKHUH YHVVHOV aJJUHJaWH MXVW RXWVLdH MPA

bRXQdaULHV (CRSH HW aO. 2022).

FigXre 25: A cRaVWaO UadaU VWaWLRQ dHSOR\Hd RII VRXWKHUQ CaOLIRUQLa (OHIW) aQd a VcKHPaWLc LOOXVWUaWLQJ

UHSUHVHQWaWLYH ILQH-VcaOH daWa RXWSXWV WKaW KLJKOLJKW aOWHUQaWLYH ILVKLQJ YHVVHO bHKaYLRXUV LQ UHOaWLRQ WR WKH

bRXQdaULHV RI WKH CaPSXV PRLQW SWaWH MaULQH CRQVHUYaWLRQ AUHa (SMCA) MPA (VKRZQ LQ UHd). IPaJH

cUHdLWV: PURWHcWHd SHaV (OHIW), CRSH HW aO. 2022 (ULJKW).

BHORZ WKH VXUIacH, echosoXnders aUH a W\SH RI VRQaU WKaW KaV ORQJ bHHQ XVHd WR dHWHcW WKH

depWh, si]e, and biomass RI JURXSV RI SOaQNWRQ, ILVK, RU RWKHU RUJaQLVPV acURVV bURad aUHaV
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aQd dHSWK UaQJHV, ZKLcK caQ bH dLIILcXOW WR accRPSOLVK XVLQJ PRUH WUadLWLRQaO caSWXUH PHWKRdV.

HRZHYHU, ZKLOH VRPH acRXVWLc SURSHUWLHV RI RUJaQLVPV dLIIHU bHWZHHQ Wa[RQRPLc JURXSV, LW LV QRW

JHQHUaOO\ SRVVLbOH WR acKLHYH VSHcLHV-OHYHO cOaVVLILcaWLRQ ZLWK WKLV W\SH RI PRQLWRULQJ (DaQRYaUR

HW aO. 2017). MRUH HOabRUaWH PXOWLbHaP VRQaU VXUYH\V, RQ WKH RWKHU KaQd, aUH W\SLcaOO\ XVHd WR

PaS WKH baWK\PHWU\ aQd JHRJUaSK\ RI WKH VHa IORRU aQd bURadHU K\dURORJLcaO cRQdLWLRQV, PRVW

RIWHQ XVHd aV baVHOLQH LQIRUPaWLRQ IRU MPAN dHVLJQ (DaQRYaUR HW aO. 2017).

PassiYe acoXsWic moniWoring LV aQRWKHU H[LVWLQJ WHcKQRORJ\ WKaW LV PRUH UHcHQWO\ bHLQJ aSSOLHd

LQ QHZ Za\V IRU MPA PRQLWRULQJ WR LQIRUP PaQaJHPHQW. TKLV PHWKRd XVHV RQH RU PRUH

K\dURSKRQHV WR OLVWHQ IRU VRXQdV aVVRcLaWHd ZLWK bRWK HcRORJLcaO aQd KXPaQ acWLYLW\ aQd caQ bH

SaUWLcXOaUO\ XVHIXO IRU RYHUcRPLQJ OLPLWHd YLVLbLOLW\ IRU YLVXaO PRQLWRULQJ (DaQRYaUR HW aO. 2017,

KOLQH HW aO. 2020, SWaQOH\ HW aO. 2021). H\dURSKRQHV Pa\ bH dHSOR\Hd LQ a ZLdH YaULHW\ RI Za\V

dHSHQdLQJ RQ WKH aSSOLcaWLRQ, UaQJLQJ IURP dHSOR\PHQW RI ZHLJKWHd RU PRRUHd K\dURSKRQHV RQ

WKH VHabHd, dULIWLQJ K\dURSKRQH bXR\V, dURS dHSOR\PHQW aORQJVLdH a YHVVHO, WRZHd K\dURSKRQH

aUUa\V, PRXQWHd WR aQ UHPRWHO\ RSHUaWHd RU aXWRQRPRXV JOLdHU, RU HYHQ PRXQWHd RQWR PaULQH

PaPPaOV (NOAA 2023).

OQ WKH HcRORJLcaO IURQW, K\dURSKRQHV KaYH ORQJ bHHQ XVHd WR OLVWHQ IRU YRcaOL]aWLRQV b\ PaULQH

PaPPaOV, bXW aUH PRUH UHcHQWO\ bHLQJ XVHd WR cKaUacWHUL]H WKH KROLVWLc µsoXndscape¶ RI RWKHU

VRXQd-PaNLQJ RU µVRQLIHURXV¶ VSHcLHV aV ZHOO aV HQYLURQPHQWaO HYHQWV LQ WKH VXUURXQdLQJ

HcRV\VWHP (H.J., ZHaWKHU, LcH bUHaNLQJ) (HaYHU HW aO. 2019). TKHVH W\SHV RI aPbLHQW UHcRUdLQJV

KaYH bHHQ XVHd WR dHYHORS a ZLdH UaQJH RI PaULQH ecoacoXsWic indicaWors (UHYLHZHd LQ

MLQHOOR HW aO. 2021), LQcOXdLQJ WKH AcRXVWLc CRPSOH[LW\ IQdH[ (ACI) ZKLcK KaV bH XVHd WR

cRPSaUH bHQWKLc bLRdLYHUVLW\ LQVLdH aQd RXWVLdH RI MPAV (DaYLHV HW aO. 2020). UVLQJ acRXVWLc

daWa aQd LQdLcaWRUV WR PRQLWRU cKaQJHV LQ VRXQdVcaSHV ZLWKLQ aQd bHWZHHQ VLWHV LQ aQ MPAN

RYHU WLPH caQ KHOS WR SURYLdH LQVLJKWV LQWR cKaQJHV LQ HcRV\VWHP VWaWXV aQd cRPSRVLWLRQ (H.J.,

SUHVHQcH aQd abXQdaQcH RI dLIIHUHQW YRcaOL]LQJ VSHcLHV) aV ZHOO aV aQWKURSRJHQLc LPSacWV (H.J.,

YHVVHO QRLVH aQd SRWHQWLaO IRU PaVNLQJ VSHcLHV YRcaOL]aWLRQV) WR LQIRUP PaULQH cRQdLWLRQ

aVVHVVPHQW aQd PaQaJHPHQW (HaYHU HW aO. 2019, RHLV HW aO. 2019). FRU H[aPSOH, K\dURSKRQH

VWXdLHV RQ WKH CHQWUaO CRaVW RI BULWLVK CROXPbLa KaYH dRcXPHQWHd SaWWHUQV RI aQWKURSRJHQLc

QRLVH acURVV RRcNILVK CRQVHUYaWLRQ AUHaV (RCAV) aQd dHPRQVWUaWHd WKaW WKHVH VRXQdV UHacK

OHYHOV aQWLcLSaWHd WR PaVN URcNILVK acRXVWLc cRPPXQLcaWLRQ WKRXJKW WR bH LPSRUWaQW LQ aJRQLVWLc

aQd VSaZQLQJ LQWHUacWLRQV (NLNROLcK HW aO. 2021). IPSRUWaQWO\, VXccHVVIXO LQWHUSUHWaWLRQ RI QaWXUaO

VRXQdV ZLWKLQ K\dURSKRQH UHcRUdLQJV UHOLHV RQ cRPSaULVRQ WR biological acoXsWic reference
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libraries dRcXPHQWLQJ WKH QRUPaO YaULaWLRQ LQ QaWXUaO acRXVWLc cRPSOH[LW\, ZKLcK aUH

LQcUHaVLQJO\ bHLQJ dHYHORSHd IRU KXQdUHdV RI VSHcLHV aQd HcRV\VWHPV aW ORcaWLRQV aOO aURXQd

WKH ZRUOd. IW LV aOVR aQWLcLSaWHd WKaW LPSURYHPHQWV LQ PacKLQH OHaUQLQJ WHcKQRORJ\ ZLOO accHOHUaWH

WKH aXWR-LdHQWLILcaWLRQ aQd cOaVVLILcaWLRQ RI VXcK VRXQdV XVLQJ WKHVH UHIHUHQcH OLbUaULHV WR

LPSURYH WKH VcaOabLOLW\ RI WKHVH WHcKQLTXHV IRU ORQJ-WHUP PRQLWRULQJ (DaQRYaUR HW aO. 2017,

PaUVRQV HW aO. 2022).

OQ WKH KXPaQ IURQW, SaVVLYH acRXVWLc PRQLWRULQJ LV aOVR LQcUHaVLQJO\ bHLQJ XVHd aV aQ

aOWHUQaWLYH PHWKRd IRU PHaVXULQJ Yessel Wraffic LQ aQd aURXQd MPAV. IQ WKLV cRQWH[W,

K\dURSKRQH UHcRUdLQJV aUH aQaO\]Hd IRU WKH QXPbHU, IUHTXHQc\, YROXPH, aQd WHPSRUaO HOHPHQWV

RI acRXVWLc VLJQaOV LQ WKH UHcRUdLQJ ZKLcK caQ bH XVHd WR LQIHU Wiming, speed, locaWion aQd

direcWion of WraYel aV ZHOO aV WKH oYerall dXraWion of Yessel noise LQ UHOaWLRQ WR RQH RU PRUH

K\dURSKRQHV (Ma[ZHOO HW aO. 2014, KOLQH HW aO. 2020). IQ RUdHU WR LQWHUSUHW K\dURSKRQH daWa IRU

SRVLWLRQ aQd VSHHd, SUHdLcWLYH UHOaWLRQVKLSV IRU VRXQd WUaQVPLVVLRQ ORVV ZLWK dLVWaQcH caQ bH

dHYHORSHd IRU HacK MPA VLWH XVLQJ SaWURO bRaWV caUU\LQJ GPS (KOLQH HW aO. 2020). H\dURSKRQH

daWa caQ aOVR bH XVHd WR aXWRPaWLcaOO\ LdHQWLI\ aQd cOaVVLI\ Yessel si]e aQd W\pe WKURXJK

cRPSaULVRQ ZLWK H[LVWLQJ Yessel acoXsWic reference libraries RI UHcRUdLQJV YaOLdaWHd WKURXJK

SaLUHd YLVXaO RbVHUYaWLRQV (PROOaUa HW aO. 2017). IPSRUWaQWO\, WKLV LQIRUPaWLRQ caQ bH XVHd WR

XQdHUVWaQd SUHVHQcH aQd acWLYLWLHV RI YHVVHOV LQ UHOaWLRQ WR MPA bRXQdaULHV, SaUWLcXOaUO\ IRU

VPaOOHU Yessels ZiWhoXW aXWomaWed Wracking s\sWems (L.H., QRQ-AIS YHVVHOV, VHH RHPRWH

EOHcWURQLc MRQLWRULQJ bHORZ), ZKLcK caQ PaNH XS a VLJQLILcaQW SURSRUWLRQ RI aOO YHVVHO WUaIILc LQ

aUHaV RI KLJK UHcUHaWLRQaO PaULQH XVH aQd ZKRVH QRLVHV caQ dRPLQaWH PaULQH VRXQdVcaSHV LQ

cRPSaULVRQ WR OaUJHU YHVVHOV ZLWK WUacNLQJ V\VWHPV (HHUPaQQVHQ HW aO. 2019, SHUUa-SRJaV HW aO.

2021). TKLV PHWKRd caQ aOVR bH XVHd WR aVVHVV WKH RYHUaOO OHYHO RI anWhropogenic noise
pollXWion LQ aQ aUHa RI LQWHUHVW (BXUKKaP HW aO. 2021), ZKLcK caQ PaVN QaWXUaO VRXQdV aQd

LPSHdH bHKaYLRXUV aQd SURcHVVHV WKaW dHSHQd RQ acRXVWLc VLJQaOV, VXcK aV HcKRORcaWLRQ,

acRXVWLc cRPPXQLcaWLRQ, aQd KRPLQJ RI OaUYaH WR acRXVWLc VLJQaOV WR ILQd VXLWabOH VHWWOHPHQW

KabLWaW (BLWWHQcRXUW HW aO. 2020). IQ WKLV Za\, daWa RQ XQdHUZaWHU QRLVH IURP SaVVLYH acRXVWLc

PRQLWRULQJ caQ VHUYH aV LQSXWV WR impacW assessmenWs IRU PaULQH OLIH, IRU H[aPSOH, b\

aVVHVVLQJ aQWKURSRJHQLc QRLVH SURdXcWLRQ ZLWKLQ baQdZLdWKV NQRZQ WR dLVWXUb RU PaVN

YRcaOL]aWLRQV b\ PaULQH aQLPaOV (SWaQOH\ HW aO. 2017, RHLV HW aO. 2019, HHUPaQQVHQ HW aO. 2019,

VaJOH HW aO. 2021) aQd LQIRUP SRWHQWLaO PaQaJHPHQW PHaVXUHV (JR\ HW aO. 2019). PaVVLYH

acRXVWLc PRQLWRULQJ RIIHUV RQH Za\ WR bHWWHU TXaQWLI\ WKH KROLVWLc acWLYLWLHV RI aOO YHVVHOV ZLWKLQ

SURWHcWHd aUHaV aQd, aV ZLWK VKRUH-baVHd UadaU, caQ bH SaLUHd ZLWK WLPHOaSVH RU
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PRWLRQ-acWLYaWHd caPHUaV WR SURYLdH cRPSOHPHQWaU\ LQIRUPaWLRQ RQ W\SHV RI YHVVHOV

cRQWULbXWLQJ WR WKH VRXQdVcaSH aQd KHOS WR bXLOd XS ORcaOO\-UHOHYaQW acRXVWLc UHIHUHQcH OLbUaULHV

(PROOaUa HW aO. 2017).

FigXre 26: A YLVXaO RYHUYLHZ RI UHSUHVHQWaWLYH HTXLSPHQW aQd RXWSXWV aVVRcLaWHd ZLWK SaVVLYH acRXVWLc

PRQLWRULQJ, LQcOXdLQJ (A) dLIIHUHQW dHSOR\PHQW PHWKRdV IRU SaVVLYH acRXVWLc WHcKQRORJ\ IHaWXULQJ SULPaULO\

K\dURSKRQHV, bXW aOVR VKRZLQJ acRXVWLc aQLPaO WaJV (bOXH cLUcOH, VHH QH[W VHcWLRQ)(CUHdLW: NOAA

FLVKHULHV); aORQJVLdH VHYHUaO H[aPSOHV RI WKH XQLTXH VSHcWURJUaP VLJQaWXUHV RI dLIIHUHQW PaULQH aQLPaO

YRcaOL]aWLRQV LQcOXdLQJ (B) HXPSbacN WKaOH (Megaptera novaeangliae), (C) JXOI WRadILVK (Opsanus beta),

(D) VRRW\ JUXQWHU (Hephaestus fuliginosus), (E) VSaQJOHd JUXQWHU (Leiopotherapon unicolor), (F) NLQa

XUcKLQ (Evechinus chloroticus), aQd NHZ ZHaOaQd SaddOH cUab (Ovalipes catharus) (CUHdLW: PaUVRQV HW aO.

2022). TKH ILQaO SaQHO VKRZV a 24-KRXU VSHcWURJUaP LQcOXdLQJ WKH acRXVWLc VLJQaWXUHV RI PXOWLSOH ILVK

cKRUXVHV (bR[Hd bULJKW UHd IHaWXUHV) aV ZHOO aV PXOWLSOH VKLS VRXQdV (bR[Hd SaOH \HOORZ aQd JUHHQ

IHaWXUHV) (CUHdLW: RHLV HW aO. 2019).

Animal TelemeWr\

Key Dimensions and Indicators: EcRORJLcaO (bHKaYLRXU, dLVWULbXWLRQ, dLVSHUVaO, cRQQHcWLYLW\)

AW WKH VcaOH RI WKH RUJaQLVP, WHOHPHWU\ KaV a ORQJ KLVWRU\ RI XVH IRU PRQLWRULQJ WKH moYemenW,
dispersal, aQd connecWiYiW\ RI PRbLOH PaULQH aQLPaOV, LQcOXdLQJ PaULQH LQYHUWHbUaWHV, ILVK,

UHSWLOHV, PaPPaOV, aQd bLUdV (BaObaU HW aO. 2020). TKLV WHcKQRORJ\ UHOLHV RQ WKH XVH RI HOHcWURQLc

WaJV LPSOaQWHd LQ RU aWWacKHd WR WKH VXUIacH RI LQdLYLdXaO RUJaQLVPV WKaW UHOa\ LQIRUPaWLRQ RQ
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WKHLU PRYHPHQW aQd SRWHQWLaOO\ RWKHU HQYLURQPHQWaO SaUaPHWHUV IROORZLQJ UHOHaVH bacN LQWR WKH

PaULQH HQYLURQPHQW. A ZLdH UaQJH RI WaJ W\SHV aUH aYaLOabOH. SPaOOHU SaVVLYH UaWLR aQd acRXVWLc

WaJV WKaW UHO\ RQ dHWHcWLRQ b\ a QHWZRUN RI IL[Hd RU PRbLOH UHcHLYHUV aUH OHVV H[SHQVLYH aQd

PRUH VXLWabOH IRU VPaOOHU VSHcLHV. HRZHYHU, bHcaXVH WKH\ aUH SaVVLYH aQd PXVW bH UHORcaWHd WR

bH UHad, WKHVH WaJV caQ UHTXLUH VLJQLILcaQW VaPSOH VL]HV, QXPbHUV RI IL[Hd UHcHLYHUV, RU URYLQJ

UHcHLYHU VaPSOLQJ HIIRUW WR JHQHUaWH VXIILcLHQW daWa IRU dUaZLQJ LQIHUHQcHV (BaObaU HW aO. 2020). IQ

cRQWUaVW, OaUJHU UHaO-WLPH RU aUcKLYaO VaWHOOLWH-OLQNHd WUaQVPLVVLRQ WaJV aQd GPS ORcaWLRQ WaJV caQ

aXWR-XSORad daWa aQd caQ bH XVHd WR cROOHcW bRWK aQLPaO ORcaWLRQ aQd addLWLRQaO VHQVRU daWa RQ

RWKHU HQYLURQPHQWaO SaUaPHWHUV, bXW aUH SULPaULO\ WR WUacN WKH PRYHPHQWV RI OaUJHU aQLPaOV

(BaObaU HW aO. 2020). AOO W\SHV RI WHOHPHWU\ WaJV aUH aVVRcLaWHd ZLWK VRPH dHJUHH RI ORcaWLRQ

HUURU, WaJJLQJ bLaV UHOaWHd WR dHSOR\PHQW ORcaWLRQV, aQd WKH ULVN RI baWWHU\ IaLOXUH RU WaJ ORVV.

TKHVH PHWKRdV aOVR UHTXLUH cRQVLdHUabOH cRVW aQd HIIRUW, OLPLWLQJ WKHLU XVH IRU ORQJ-WHUP

PRQLWRULQJ VWXdLHV RI VSHcLHV ZLWKLQ aQd acURVV SURWHcWHd aUHaV (BaObaU HW aO. 2020).

HRZHYHU, WHOHPHWU\ VWXdLHV Pa\ VWLOO LQIRUP MPAN PaQaJHPHQW WKURXJK WKH RSSRUWXQLVWLc XVH RI

daWa IURP dLVcUHWH VWXdLHV WKaW RYHUOaS ZLWK MPAN ORcaWLRQV RU LQWHQWLRQaOO\-dHVLJQHd WHOHPHWU\

VWXdLHV WKaW aUH WLJKWO\ VcRSHd WR aQVZHU NH\ PaQaJHPHQW TXHVWLRQV WR LQIRUP MPAN SOaQQLQJ

(H.J., b\ SURYLdLQJ baVHOLQH daWa RQ KabLWaW XVH aQd (H.J., adMXVWLQJ bRXQdaULHV RU aOORZabOH

acWLYLWLHV baVHd RQ QHZ LQIRUPaWLRQ RQ acWXaO KabLWaW XVH aQd cRQQHcWLYLW\ IROORZLQJ

HVWabOLVKPHQW) (BaObaU HW aO. 2020).

RemoWe ElecWronic MoniWoring

Key Dimensions and Indicators: EcRORJLcaO (dLVWULbXWLRQ, VL]H, bLRdLYHUVLW\), GRYHUQaQcH

(cRPSOLaQcH, PaQaJHPHQW HIIHcWLYHQHVV)

RHPRWH HOHcWURQLc PRQLWRULQJ (REM) HQWaLOV WKH XVH RI VaWHOOLWH, VHQVRU, aQd VRPHWLPHV YLdHR

WHcKQRORJ\ WR PRQLWRU KXPaQ acWLYLWLHV, W\SLcaOO\ YHVVHO PRYHPHQWV aQd acWLYLWLHV, LQVLdH aQd

RXWVLdH RI PaULQH SURWHcWHd aUHaV (WULJKW HW aO. 2019, MacN HW aO. 2020). PRVLWLRQaO REM

V\VWHPV aOORZ IRU PRQLWRULQJ RI YHVVHO ORcaWLRQV aQd dHWHUPLQLQJ WKH acWLYLWLHV WKH\ aUH

HQJaJLQJ LQ baVHd RQ WKHLU PRYHPHQW bHKaYLRU LQ UHOaWLRQ WR MPA bRXQdaULHV WR aVVHVV

compliance aQd managemenW effecWiYeness (Ma[ZHOO HW aO. 2014, IacaUHOOa HW aO. 2023a,b).

TKH WZR PaLQ W\SHV RI SRVLWLRQaO V\VWHPV aUH VHVVHO MRQLWRULQJ S\VWHPV (VMS), ZKLcK aUH

W\SLcaOO\ XVHd b\ VPaOOHU YHVVHOV aQd RIWHQ XVHd WR PRQLWRU ILVKLQJ acWLYLW\, aQd AXWRPaWHd
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IdHQWLILcaWLRQ S\VWHPV (AIS), ZKLcK aUH PaQdaWHd b\ OaZ aV a VaIHW\ PHaVXUH RQ OaUJH

RcHaQJRLQJ YHVVHOV VXcK aV caUJR VKLSV bXW aUH aOVR VHHLQJ JUadXaO YROXQWaU\ XSWaNH aPRQJ

VPaOOHU YHVVHOV (IacaUHOOa HW aO. 2020).

OQ VRPH ILVKLQJ YHVVHOV, VXcK aV PacLILc CaQada¶V JURXQdILVK IOHHW, RQbRaUd ElecWronic
MoniWoring S\sWems ZLWK YLdHR caPHUaV aUH XVHd IRU YLVXaO PRQLWRULQJ RI UHWaLQHd aQd

QRQ-UHWaLQHd caWcK, LQcOXdLQJ aV ZHOO aV KaQdOLQJ aQd UHOHaVHV RI SURKLbLWHd VSHcLHV (SWaQOH\ HW

aO. 2015, BHaXcKaPS HW aO. 2019, YaQ HHOPRQd HW aO. 2020). BH\RQd WKHLU SULPaU\ SXUSRVHV RI

HQVXULQJ cRPSOLaQcH ZLWK ILVKHULHV UHJXOaWLRQV, daWa IURP WKHVH V\VWHPV cRXOd bH PLQHd IRU

cRPSOHPHQWaU\ LQIRUPaWLRQ RQ species presence, abXndance, si]e, marine biodiYersiW\, and
species associaWions LQ aUHaV RXWVLdH RI MPAV WR XQdHUVWaQd VSLOORYHU HIIHcWV aQd WKH

cRQWULbXWLRQV RI MPAV WR bURadHU VHaVcaSH cRQdLWLRQ (MacN HW aO. 2020).

HRZHYHU, bHcaXVH WKHVH V\VWHPV UHTXLUH RSHUaWRU aJUHHPHQW IRU LQVWaOOaWLRQ, aQd bHcaXVH WKH\

caQ bH WXUQHd RII WR PaVN LOOLcLW bHKaYLRU b\ µdaUN VKLSV¶, YHVVHO acWLYLW\ aQd cRPSOLaQcH ZLWK

MPA UHJXOaWLRQV LV JHQHUaOO\ PRQLWRUHd WKURXJK a bURadHU VXLWH RI cRPSOHPHQWaU\ PHWKRdV WKaW

aOVR LQcOXdH VKRUH-baVHd UadaU RU caPHUaV, aHULaO RYHUIOLJKWV, aQd RSWLcaO VaWHOOLWH UHPRWH

VHQVLQJ (IacaUHOOa HW aO. 2023a). MRUH UHcHQWO\, dHHS OHaUQLQJ aSSURacKHV KaYH aOVR bHHQ XVHd

IRU WKH aXWRPaWHd dHWHcWLRQ RI bHaULQJ aQd VSHHd RI PaULQH YHVVHOV dHWHcWHd b\

saWelliWe-based s\nWheWic aperWXre radar (SAR), a KLJKO\ accXUaWH PHWKRd ZKLcK ZRXOd KHOS WR

ILOO a PaMRU JaS LQ WKH PRQLWRULQJ RI YHVVHO WUaIILc IRU YHVVHOV ZLWKRXW aXWRPaWHd WUacNLQJ V\VWHPV

(HHLVHObHUJ HW aO. 2023).

DaWa IURP HOHcWURQLc PRQLWRULQJ V\VWHPV LV QRZ bHLQJ SacNaJHd LQWR XVHU-IULHQdO\ online
plaWforms WKaW PaNH LW HaVLHU IRU PaQaJHUV WR aSSO\ WKHVH WRROV IRU WKH PRQLWRULQJ aQd

PaQaJHPHQW RI PaULQH SURWHcWHd aUHaV. FRU H[aPSOH, WKH GORbaO FLVKLQJ WaWcK SOaWIRUP

aJJUHJaWHV PXOWLSOH VRXUcHV RI JORbaO YHVVHO WUacNLQJ daWa LQ QHaU UHaO WLPH IRU YLVXaOL]aWLRQ aQd

aQaO\VLV RI ILVKLQJ aQd VKLSSLQJ acWLYLWLHV aW VHa (KURRdVPa HW a. 2018), ZKLOH LWV MaULQH

MaQaJHU PRUWaO aLPV WR VWUHaPOLQH bRWK HQYLURQPHQWaO aQd YHVVHO WUaIILc WKLV LQIRUPaWLRQ

VSHcLILcaOO\ IRU aSSOLcaWLRQ WR PaULQH SURWHcWHd aUHa PRQLWRULQJ aQd PaQaJHPHQW (GFW 2022).

FRU H[aPSOH, WKLV SOaWIRUP KaV bHHQ XVHd WR VWXd\ YHVVHO WUaIILc SaWWHUQV LQdLcaWLYH RI ILVKLQJ

acWLYLW\ LQ MPAV aURXQd WKH ZRUOd WR dHPRQVWUaWH ZLdHVSUHad LOOHJaO ILVKLQJ ZLWKLQ PaQ\ MPA

bRXQdaULHV aV ZHOO aV caVHV RI dHOLbHUaWH dLVabOLQJ RI YHVVHO WUacNLQJ WHcKQRORJ\ WR PaUN LOOLcLW

acWLYLWLHV (VaOHQWLQH HW aO. 2022)
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MolecXlar and CellXlar MeWhods

MROHcXOaU aQd cHOOXOaU PHWKRdV RIIHU QRYHO Za\V WR dLUHcWO\ PHaVXUH NH\ LQdLcaWRUV RI MPA

HIIHcWLYHQHVV, SaUWLcXOaUO\ bLRdLYHUVLW\, cRQQHcWLYLW\, aQd HcRV\VWHP IXQcWLRQ, WKaW aUH dLIILcXOW WR

accXUaWHO\ aVVHVV b\ RWKHU PHaQV. MROHcXOaU PHWKRdV, RIWHQ UHIHUUHd WR aV µRPLcV¶, aUH

JHQHUaOO\ dHVcULbHd aV KLJK-WKRXJKSXW WHcKQRORJLHV WR KROLVWLcaOO\ VHTXHQcH RU TXaQWLI\

RUJaQLVPaO RU HQYLURQPHQWaO DNA (JHQRPLcV), RNA (WUaQVcULSWRPLcV), SURWHLQV (SURWHRPLcV),

PHWabROLWHV (PHWabRORPLcV), RU RWKHU PROHcXOHV (VHH JHIIUH\ HW aO. 2022 IRU a dHWaLOHd UHYLHZ).

TKH LPSOHPHQWaWLRQ RI PaQ\ RI WKHVH PHWKRdV LQ MPA UHVHaUcK aQd HYaOXaWLRQ LV VWLOO LQ LWV

LQIaQc\, bXW HPHUJLQJ SLORW aSSOLcaWLRQV aUH QRZ SURYLdLQJ SUacWLcaO JXLdaQcH IRU VcaOLQJ WKH XVH

RI WKHVH PHWKRdV acURVV MPANV, LQcOXdLQJ WKRVH bHLQJ HVWabOLVKHd LQ OaUJH aQd UHPRWH

JHRJUaSKLc UHJLRQV (JHIIUH\ HW aO. 2022).

eDNA MeWabarcoding

Key Dimensions and Indicators: EcRORJLcaO (VSHcLHV RccXUUHQcH, bLRdLYHUVLW\ ± PHWKRdV WR

dHWHcW UHOaWLYH abXQdaQcH aUH XQdHU dHYHORSPHQW)

EcRORJLcaO PRQLWRULQJ XVLQJ HQYLURQPHQWaO DNA (HDNA) PHWabaUcRdLQJ LV baVHd RQ WKH

LVROaWLRQ aQd JHQHWLc VHTXHQcLQJ RI IUHH DNA VKHd IURP RUJaQLVPV LQWR WKH ZaWHU cROXPQ RU

VHdLPHQW WR bURadO\ VXUYH\ cRPPXQLW\ bLRdLYHUVLW\ acURVV PaQ\ Wa[RQRPLc JURXSV RI LQWHUHVW LQ

a UaSLd, UHSHaWabOH, aQd aIIRUdabOH Za\ (GROd HW aO. 2021, JHIIUH\ HW aO. 2022). EQYLURQPHQWaO

DNA PHWKRdV aUH ZHOO VXLWHd WR OaUJH-VcaOH aQd LQWHQVLYH PRQLWRULQJ SURJUaPV, aV aUH RIWHQ

QHHdHd IRU MPAV. TKH\ aUH aOVR SaUWLcXOaUO\ adYaQWaJHRXV IRU RYHUcRPLQJ cRPPRQ baUULHUV WR

HIIHcWLYH PRQLWRULQJ, IRU H[aPSOH:

- ZKHQ ORZ-LPSacW RU QRQ-H[WUacWLYH PHWKRdV aUH SUHIHUUHd (PLNLWcK 2018),

- ZKHQ VSHcLHV aUH UaUH, VPaOO, RU RWKHUZLVH cU\SWLc, LQcOXdLQJ HaUO\ aUULYaOV RI LQYaVLYH

VSHcLHV aV SaUW RI bLRVHcXULW\ PRQLWRULQJ SURJUaPV (PLNLWcK 2018, BRZHUV HW aO. 2021,

CaUYaOKR HW aO. 2023),

- LQ KLJKO\ dLYHUVH cRPPXQLWLHV RI VPaOO RUJaQLVPV VXcK aV SK\WRSOaQNWRQ aQd

]RRSOaQNWRQ aVVHPbOaJHV, LQcOXdLQJ WKH OaUYaO OLH VWaJHV RI PaQ\ LPSRUWaQW ILVK aQd

LQYHUWHbUaWH VSHcLHV ZKRVH HcRORJ\ LV QRW ZHOO XQdHUVWRRd, ZKHUH Wa[RQRPLc

LdHQWLILcaWLRQ WR VSHcLHV b\ YLVXaO PHaQV LV QRWRULRXVO\ dLIILcXOW aQd OabRULRXV (DMXUKXXV

HW aO. 2018, SPLWK HW aO. 2018, GRYLQdaUaMaQ HW aO. 2021), aQd
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- LQ ORZ-YLVLbLOLW\ RU cRPSOH[ KabLWaWV VXcK aV HHOJUaVV bHdV (HH HW aO. 2022), NHOS bHdV

(LaQa-WRQJ HW aO. 2023), aQd cRbbOH RU VHdLPHQW (SKXP HW aO. 2018) aV ZHOO aV dHHS

RcHaQ KabLWaWV (GRYLQdaUaMaQ HW aO. 2021), aOO RI ZKLcK Pa\ bH PRUH dLIILcXOW WR VXUYH\

XVLQJ YLVXaO RU caSWXUH-baVHd PHWKRdV aORQH. FXUWKHUPRUH, HDNA IURP VHdLPHQW cRUHV

caQ bH XVHd WR UHcRQVWUXcW a KLVWRULcaO UHcRUd RI bRWK aQcLHQW aQd H[WaQW HcRORJLcaO

cRPPXQLWLHV IURP SaUWLcXOaWH RUJaQLc PaWWHU VHWWOLQJ LQWR VHdLPHQW VWUaWa RYHU WLPH ZKLcK

caQ SURYLdH a VHQVH RI HcRORJLcaO baVHOLQHV IRU MPAV (DHLQHU HW aO. 2017).

PLORWV WR daWH KaYH dHPRQVWUaWHd WKaW HDNA VXUYH\V aUH caSabOH RI dHWHcWLQJ PRUH VSHcLHV,

LQcOXdLQJ UaUH aQd WKUHaWHQHd VSHcLHV VXcK aV NRUWKHUQ AbaORQH (Haliotis kamtschatkana),

cRPSaUHd WR cRQYHQWLRQaO PHWKRdV VXcK aV VHLQLQJ (HH HW aO. 2022), SOaQNWRQ QHWV

(GRYLQdaUaMaQ HW aO. 2021), RU XQdHUZaWHU YLVXaO cHQVXV (GROd HW aO. 2021, AcKaU\a-PaWHO 2023,

DLPRQd HW aO. 2023).

TKH XVH RI HDNA IRU PRQLWRULQJ HcRORJLcaO LQdLcaWRUV caQ aOVR bH IaU PRUH accHVVLbOH aQd

HIILcLHQW WKaQ cRQYHQWLRQaO VXUYH\ PHWKRdV VXcK aV dLYH-baVHd VXUYH\V, ZKLcK UHTXLUH

VLJQLILcaQW WHcKQLcaO WUaLQLQJ, H[SHQVLYH HTXLSPHQW, aQd PaQ\ SHUVRQ-KRXUV WR LPSOHPHQW aW

bURadHU VSaWLaO VcaOHV. IQ cRQWUaVW, eDNA collecWion b\ acWiYe filWraWion caQ bH caUULHd RXW b\

dLYLQJ bXW aOVR IURP WKH VXUIacH. SaPSOLQJ WaNHV SOacH XVLQJ SXPSV RU 5L NLVNLQ VaPSOLQJ

bRWWOHV IL[Hd WR a ZHLJKWHd OLQH WR cROOHcW ZaWHU VaPSOHV aW dHSWK, W\SLcaOO\ cROOHcWLQJ WKUHH

RQH-OLWHU VaPSOHV WR LPSURYH accXUac\. TKH HDNA LV WKHQ ILOWHUHd RXW RI WKH ZaWHU XVLQJ a

PHPbUaQH (YLa JUaYLW\, PaQXaO, RU HOHcWULc SXPS ILOWUaWLRQ), WKH PHPbUaQH LV WUHaWHd WR SUHVHUYH

WKH HDNA, aQd LV ILQaOO\ VHQW RQ WR a Oab IRU aQaO\VLV (GROd HW aO. 2022). TKLV aSSURacK KaV bHHQ

HVWLPaWHd WR WaNH aSSUR[LPaWHO\ 1/10WK RI WKH SHUVRQ-KRXUV aW a IUacWLRQ RI WKH cRVW SHU VLWH

(a$50/VaPSOH) WKaW ZRXOd bH UHTXLUHd b\ dLYHU VXUYH\V (FX HW aO. 2021, GROd HW aO. 2021, DLPRQd

HW aO. 2023), aOWKRXJK WKH\ caQQRW SURYLdH VLPLOaU LQIRUPaWLRQ RQ VL]H VWUXcWXUH, abXQdaQcH, aQd

KabLWaW cKaUacWHULVWLcV WKaW dLYHU VXUYH\V caQ. MRUH UHcHQWO\, WKH dHYHORSPHQW aQd YaOLdaWLRQ RI

passiYe eDNA collecWion SURWRcROV RIIHUV a VLPSOHU aQd PRUH cRPSUHKHQVLYH aOWHUQaWLYH. TKLV

PHWKRd LQYROYHV PRXQWLQJ HDNA ILOWHU PHPbUaQHV RQ a ULJLd IUaPH WKaW LV WKHQ VXbPHUJHd WKH

dHVLUHd VaPSOH dHSWK IRU a VHW VRaN WLPH, ZKHUH RcHaQ cXUUHQWV IRUcH ZaWHU WKURXJK WKH

PHPbUaQHV WR acKLHYH a VLPLOaU NLQd RI ILOWHU-dULYHQ HDNA cROOHcWLRQ (BHVVH\ HW aO. 2021). MRUH

UHcHQW VWXdLHV VKRZ WKaW a YaULHW\ RI RWKHU ILOWUaWLRQ PaWHULaOV caQ SURYLdH cRPSaUabOH UHVXOWV

(BHVVH\ HW aO. 2022). TKH SaVVLYH aSSURacK KaV bHHQ WHVWHd LQ bRWK WHPSHUaWH aQd WURSLcaO

ZaWHUV (H.J., BHVVH\ HW aO. 2021, LaQa-WRQJ HW aO. 2023) aQd VKRZQ WR \LHOd UHVXOWV cRPSaUabOH

WR acWLYH ILOWUaWLRQ, IXUWKHU UHdXcHV VaPSOLQJ WLPH b\ HOLPLQaWLQJ WKH ZaWHU ILOWUaWLRQ VWHS, aQd
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RIIHUV IXUWKHU adYaQWaJHV LQ LWV abLOLW\ IRU PRUH cRPSUHKHQVLYH VaPSOLQJ RYHU a ORQJHU WLPHIUaPH

(H.J., XS WR 48K baVHd RQ PaULQH HDNA dHca\ UaWHV) (CROOLQV HW aO. 2018, BHVVH\ HW aO. 2021),

IRU H[aPSOH, b\ SRWHQWLaOO\ bHWWHU caSWXULQJ dLIIHUHQW SaUWV RI WKH HcRORJLcaO cRPPXQLW\ acWLYH aW

dLIIHUHQW WLPHV RI da\ ZLWKLQ PaULQH SURWHcWHd aUHaV aV cRPSaUHd WR dLVcUHWH µVQaSVKRW¶ ZaWHU

VaPSOHV (HLQRMRVa HW aO. 2020). MRUHRYHU, WKH VLPSOLcLW\ RI HDNA VaPSOH cROOHcWLRQ PHWKRdV

PaNHV WKHP Zell sXiWed for moniWoring programs inYolYing commXniW\ or ciWi]en science
parWners, HVSHcLaOO\ RYHU PaQ\ VLWHV acURVV OaUJH aQd UHPRWH UHJLRQV ZKHUH dLVWULbXWHd

PRQLWRULQJ HIIRUW ZLOO bH UHTXLUHd. E[aPSOHV LQcOXdH RUJaQL]LQJ a cLWL]HQ VcLHQcH HDNA MaULQH

³BLRBOLW]´ acURVV DHQPaUN (AJHUVQaS HW aO. 2022), aQd VHOI-dLUHcWHd HDNA VaPSOLQJ b\

YROXQWHHU IaPLO\ JURXSV acURVV WKH JaSaQHVH aUcKLSHOaJR XVLQJ VWaQdaUdL]Hd NLWV IROORZLQJ

YLUWXaO WUaLQLQJ aQd LQcOXdLQJ UHSRUWLQJ RI UHVXOWV bacN WR SaUWLcLSaQWV (ML\a HW aO. 2016 aQd 2022;

SX]XNL-OKQR HW aO. 2022).

MRUH UHcHQWO\, WHcKQRORJLcaO adYaQcHV aUH QRZ aOORZLQJ iQ-ViWX molecXlar sensors RULJLQaOO\

dHVLJQHd WR PHaVXUH, SUHVHUYH, aQd LQ VRPH caVHV HYHQ aQaO\]H JHQHWLc daWa IURP

PLcURRUJaQLVPV LQ QHaU UHaO-WLPH aUH bHLQJ adaSWHd WR VWXd\ a ZLdHU UaQJH RI RUJaQLVPV XVLQJ

HDNA (DHLQHU HW aO. 2017). IPSURYLQJ cRPSaWLbLOLW\ RI WKHVH VHQVRUV ZLWK RWKHU PaULQH

WHcKQRORJLHV OLNH UHPRWHO\ RSHUaWHd RU aXWRQRPRXV XQdHUZaWHU YHKLcOHV ZLOO VRRQ aOVR IXUWKHU

H[SaQd WKH abLOLW\ IRU WaUJHWHd VaPSOLQJ RI HDNA acURVV a PXcK ZLdHU UaQJH RI dHSWKV aQd

KabLWaWV (SSaQbaXHU HW aO. 2020).
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FigXre 27 FRXU PHWKRdV RI cROOHcWLQJ HDNA ZaWHU VaPSOHV YLa (A) SCUBA dLYLQJ RU (B), NLVNLQ VaPSOLQJ

bRWWOH dHSOR\Hd RQ a ZHLJKWHd OLQH IRU VaPSOLQJ aW dHSWK, (C) NaOJHQH bRWWOH dHSOR\Hd RQ a SROH IRU

VaPSOLQJ LQ VKaOORZHU ZaWHU, aQd (D) ILOWUaWLRQ PHPbUaQHV PRXQWHd RQ a IUaPH dHSOR\Hd aW dHSWK IRU

SaVVLYH HDNA VaPSOLQJ. PKRWR cUHdLWV OHIW WR ULJKW: GROd 2018 / RHHICKHcN, JaQLH CKHQ / NaWXUaO HLVWRU\

MXVHXP RI LA, OcHaQWLVH, BHVVH\ HW aO. 2021.

IQcRUSRUaWLQJ HDNA PRQLWRULQJ LQWR a ORQJ-WHUP PRQLWRULQJ SURJUaP UHTXLUHV WKH dHYHORSPHQW

RI UHIHUHQcH OLbUaULHV RI JHQHWLc SULPHUV VSHcLILc WR WKH Wa[RQRPLc JURXSV RU VSHcLHV RI LQWHUHVW.

WKLOH aVVa\V aUH JHQHUaOO\ aYaLOabOH IRU LdHQWLI\LQJ bURad Wa[RQRPLc JURXSV VXcK aV ZKaOHV,

URcNILVK, aQd dHcaSRd cUXVWacHaQV (H.J., KRPaL HW aO. 2018, AQdUXV]NLHZLc] HW aO. 2020),

UHIHUHQcH OLbUaULHV IRU NH\ IRcaO Wa[a Pa\ QRW \HW bH aYaLOabOH LQ WKH aUHa RI LQWHUHVW IRU

PRQLWRULQJ. DHSHQdLQJ RQ WKH OHYHO RI Wa[RQRPLc UHVROXWLRQ dHVLUHd, addLWLRQaO ZRUN Pa\ bH

QHHdHd WR dHYHORS addLWLRQaO PROHcXOaU WaUJHWV caSabOH RI dLIIHUHQWLaWLQJ cORVHO\ UHOaWHd VSHcLHV

ZLWKLQ aQ aVVHPbOaJH, VXcK aV URcNILVK (AcKaU\a-PaWHO 2023).

AOWKRXJK PRVW aSSOLcaWLRQV RI HDNA WR daWH KaYH bHHQ OLPLWHd WR WKH PHaVXUHPHQW RI VSHcLHV

ULcKQHVV, ZRUN LV XQdHUZa\ WR dHYHORS PRUH UHOLabOH PHWKRdV IRU qXanWiWaWiYe eDNA
meWabarcoding caSabOH RI SURYLdLQJ LQIRUPaWLRQ RQ UHOaWLYH abXQdaQcH RU bLRPaVV RI WKH

VSHcLHV RI LQWHUHVW (RRXUNH HW aO. 2022). MXOWLSOH VWXdLHV KaYH HVWabOLVKHd WKaW HDNA dHWHcWLRQ

SURbabLOLW\ aQd cRQcHQWUaWLRQV aUH SRVLWLYHO\ aVVRcLaWHd ZLWK bLRPaVV HVWLPaWHd WKURXJK

cRQYHQWLRQaO PHWKRdV (RRXUNH HW aO. 2022), LQcOXdLQJ VHLQH QHWWLQJ (H.J., IRU ILVK cRPPXQLWLHV

ZLWKLQ HHOJUaVV bHdV, HH HW aO. 2022), dLYHU VXUYH\V (H.J., IRU NRUWKHUQ AbaORQH, DLPRQd HW aO.

2023), aQd SOaQNWRQ WRZV (EUVKRYa HW aO. 2021). TKH VHQVLWLYLW\ RI WKHVH aVVa\V KaV aOVR bHHQ
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VKRZQ WR LQcUHaVH b\ a VLJQLILcaQW PaUJLQ (30-90%) ZKHQ XVLQJ QHZHU dURSOHW dLJLWaO PCR

(ddPCR) cRPSaUHd WR TXaQWLWaWLYH PCR (TPCR) WHcKQRORJ\ (DLPRQd HW aO. 2023).

AV WKH XVH RI HDNA WHcKQRORJ\ bHcRPHV PRUH ZLdHVSUHad LQ MPA cRQWH[WV, VSHcLILc

eDNA-based indicaWors aUH bHLQJ dHYHORSHd aQd YaOLdaWHd aV aOWHUQaWLYH Za\V WR PHaVXUH

MPA HIIHcWLYHQHVV. FRU H[aPSOH, HDNA-baVHd PHaVXUHV RI fXncWional diYersiW\, ph\logeneWic
diYersiW\, aQd WKH raWio beWZeen demerso-pelagic and benWhic species richness ZHUH IRXQd

WR bH UHVSRQVLYH aQd UHOLabOH HaUO\ LQdLcaWRUV RI MPA HIIHcWLYHQHVV LQ WKH MHdLWHUUaQHaQ SHa

WKaW caQ cRPSOHPHQW PRUH cRQYHQWLRQaO PHWKRdV aQd LQdLcaWRUV (DaORQJHYLOOH HW aO. 2022,

SaQcKH] HW aO. 2022). CRQcXUUHQWO\, bHVW SUacWLcHV aUH aOVR HPHUJLQJ IRU LPSURYLQJ WKH XVHabLOLW\

aQd accHVVLbLOLW\ RI PaULQH HQYLURQPHQWaO HDNA daWa RXWSXWV, LQcOXdLQJ VWaQdaUdL]aWLRQ RI

PHWKRdV aQd WHUPLQRORJ\, cRPSOHWH PHWadaWa, VXSSOHPHQWaU\ PHWKRdV, aQd RSHQ accHVV (SKHa

HW aO. 2023).

PopXlaWion GeneWics

KH\ DLPHQVLRQV aQd IQdLcaWRUV: EcRORJLcaO (dLVSHUVaO, cRQQHcWLYLW\, JHQH IORZ)

PRSXOaWLRQ JHQHWLcV PHWKRdV aUH baVHd RQ VaPSOLQJ WKH JHQRPH RI PaQ\ LQdLYLdXaOV RI a

VSHcLHV acURVV RQH RU PRUH VLWHV WR dUaZ LQIHUHQcHV abRXW SRSXOaWLRQ VWUXcWXUHV aQd SURcHVVHV

bRWK ZLWKLQ aQd acURVV VLWHV (BaObaU HW aO. 2020). PRSXOaWLRQ JHQHWLc LQIRUPaWLRQ caQ bH

ORJLVWLcaOO\ cKaOOHQJLQJ WR cROOHcW, bXW LV RQH RI WKH IHZ TXaQWLWaWLYH PHaQV RI HYaOXaWLQJ QHWZRUN

HIIHcWV acURVV PXOWLSOH MPAV LQcOXdLQJ PRQLWRULQJ JHQHWLc SRSXOaWLRQ connecWiYiW\ aQd

VWUXcWXUH, aQd VWXd\LQJ recrXiWmenW aQd dispersal SaWWHUQV WKURXJK SaUHQWaJH aQd VLbVKLS

aQaO\VHV, aQd LdHQWLI\LQJ QHZ PLJUaQWV (D¶AORLa HW aO. 2017, 2019).

TKHVH TXHVWLRQV caQ bH aQVZHUHd XVLQJ dLUHcW RU LQdLUHcW PHWKRdV. IQdLUHcW PHWKRdV VXcK aV

caOcXOaWLRQ RI isolaWion-b\-disWance relaWionship (IBD) aVVXPH WKaW SRSXOaWLRQV aUH PRUH

JHQHWLcaOO\ dLVWLQcW RYHU JUHaWHU JHRJUaSKLc dLVWaQcHV, aQd WKH UaWH RI JHQHWLc dLYHUJHQcH RYHU

dLVWaQcH caQ bH XVHd WR caOcXOaWH dLVSHUVaO dLVWaQcHV WR HVWLPaWH WKH VSaWLaO VcaOHV RI JHQHWLc

cRQQHcWLYLW\ WR LQIRUP WKH VSaWLaO VcaOH RI PRQLWRULQJ (BaObaU HW aO. 2020). DLUHcW PHWKRdV PaNH

IHZHU aVVXPSWLRQV aQd caQ KHOS WR aQVZHU dLIIHUHQW PaQaJHPHQW TXHVWLRQV, bXW W\SLcaOO\

UHTXLUH PXcK PRUH LQWHQVLYH VaPSOLQJ WKaW LV RQO\ IHaVLbOH aW VPaOOHU VSaWLaO VcaOHV. ParenWage
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and relaWedness anal\sis, aOVR NQRZQ aV cORVH-NLQ PaUN UHcaSWXUH (CKMR) caQ KHOS WR

TXaQWLI\ SRWHQWLaO bHQHILWV RI MPANV bH\RQd WKHLU bRUdHUV b\ PHaVXULQJ self-recrXiWmenW ZLWKLQ

MPAV aQd spilloYer effecWs acURVV MPA bRXQdaULHV (LHPRUW HW aO. 2017, SLQcOaLU-WaWHUV HW aO.

2018, BaHWVcKHU HW aO. 2019, JHIIUH\ HW aO. 2022). HRZHYHU, WKHVH PHWKRdV UHTXLUH JHQHWLc

VaPSOLQJ RI bRWK SaUHQWV aQd SRWHQWLaOO\ WKRXVaQdV RI RIIVSULQJ RYHU PXOWLSOH aJH cOaVVHV aQd

PXOWLSOH \HaUV (JHIIUH\ HW aO. 2022). FRU H[aPSOH, VaPSOLQJ 4,000 LQdLYLdXaO AXVWUaOaVLaQ

VQaSSHUV (Chrysophrys auratus) LQVLdH aQd RXWVLdH a VLQJOH MPA LQ NHZ ZHaOaQd ZaV UHTXLUHd

WR HVWabOLVK WKaW adXOWV ZLWKLQ LW cRQWULbXWHd 10% RI MXYHQLOHV IRXQd LQ WKH aUHa VXUURXQdLQJ WKH

MPA (LH PRUW HW aO. 2017), aQd VaPSOLQJ RI 15,000 LQdLYLdXaO URcNILVK ZaV UHTXLUHd WR LdHQWLI\

MXVW HLJKW SaUHQW-RIIVSULQJ SaLUV aQd 25 IXOO-VLbOLQJ SaLUV WR HVWabOLVK a VSLOORYHU HIIHcWV acURVV a

QHWZRUN RI PaULQH UHVHUYHV LQ cHQWUaO CaOLIRUQLa (BaHWVcKHU HW aO. 2019). MRUHRYHU, SaUHQWaJH

aQd UHOaWHdQHVV aQaO\VLV RQO\ \LHOdV LQIRUPaWLRQ abRXW PRYHPHQW ZKHQ VaPSOLQJ RccXUV RYHU

VKRUW WLPHIUaPHV, ZKHUHaV HVWLPaWHV RI JHQH IORZ UHTXLUH PRUH cRQWLQXRXV VaPSOLQJ acURVV WKH

JHRJUaSKLc UaQJH RI LQWHUHVW WR XQdHUVWaQd ZKHWKHU RIIVSULQJ aUH aOVR UHSURdXcLQJ IROORZLQJ

dLVSHUVaO (GaJQaLUH HW aO. 2015, BaObaU HW aO. 2020).

AW bURadHU SRSXOaWLRQ VcaOHV, SRSXOaWLRQ JHQHWLc dLYHUVLW\ aQd SaUHQWaJH aQaO\VLV caQ aOVR bH

XVHd WR HVWLPaWH WUHQdV LQ HIIHcWLYH SRSXOaWLRQ VL]H aQd abVROXWH abXQdaQcH aV ZHOO aV TXaQWLI\

adaSWLYH YaULaWLRQ WR aVVHVV YXOQHUabLOLW\ WR VSHcLILc SUHVVXUHV, VXcK aV VL]H-VHOHcWLYH ILVKHULHV

KaUYHVW RU cOLPaWH cKaQJH, RU WR dHWHcW WKH JHQRPLc VLJQaWXUHV RI HYROXWLRQaU\ VHOHcWLRQ LQ

UHVSRQVH WR WKRVH SUHVVXUHV (XXHUHb HW aO. 2021, JHIIUH\ HW aO. 2022). IQVLJKWV IURP PHWKRdV

VXcK aV WKHVH caQ KHOS WR LQIRUP PRUH SURacWLYH PaQaJHPHQW acWLRQ WR LPSURYH WKH OLNHOLKRRd RI

PHHWLQJ MPA PaQaJHPHQW JRaOV aQd RbMHcWLYHV LQ WKH cRQWH[W RI bURadHU HQYLURQPHQWaO

cKaQJH.

EpigeneWics and TranscripWomics

KH\ DLPHQVLRQV aQd IQdLcaWRUV: EcRORJLcaO (RUJaQLVP KHaOWK), GRYHUQaQcH (MaQaJHPHQW

HIIHcWLYHQHVV)

BH\RQd WKH JHQRPH LWVHOI, HPHUJLQJ PHWKRdV IRcXVHd RQ PRQLWRULQJ cKaQJHV LQ JHQH

H[SUHVVLRQ caQ bH XVHd WR dHWHcW RUJaQLVP aQd SRSXOaWLRQ-OHYHO UHVSRQVHV WR HcRV\VWHP

VWUHVVRUV LQVLdH aQd RXWVLdH RI MPAV (JHIIUH\ HW aO. 2022). CKaQJHV LQ JHQH H[SUHVVLRQ caQ bH

TXaQWLILHd WKURXJK ZKROH-JHQRPH VHTXHQcLQJ WR aQaO\]H HSLJHQHWLcV, WKH SUHVHQcH RI PROHcXOaU

PaUNHUV VXcK aV PHWK\O JURXSV RU KLVWRQHV WKaW bHcRPH aVVRcLaWHd ZLWK cHUWaLQ UHJLRQV RI WKH
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JHQRPH LQ UHVSRQVH WR dLIIHUHQW HQYLURQPHQWaO cRQdLWLRQV aQd dHWHUPLQH ZKHWKHU JHQHV aUH

VZLWcKHd RQ RU RII LQ WKRVH cRQdLWLRQV aV SaUW RI aQ adaSWLYH UHVSRQVH. CKaQJHV LQ JHQH

H[SUHVVLRQ caQ aOVR bH TXaQWLILHd IXUWKHU µdRZQVWUHaP¶ b\ PHaVXULQJ WKH aPRXQW RI RNA

SURdXcHd dXULQJ WUaQVcULSWLRQ RI a JLYHQ JHQH WKURXJK RNA VHTXHQcLQJ RU WUaQVcULSWRPLcV

(JHIIUH\ HW aO. 2022).

TKHVH PHWKRdV caQ bH XVHd WR aVVHVV WKH H[SUHVVLRQ RI VWUHVV-UHOaWHd JHQHV aW PXOWLSOH VcaOHV

RI RUJaQL]aWLRQ bRWK LQVLdH aQd RXWVLdH RI MPAV WR XQdHUVWaQd ZKHWKHU SUHVVXUHV aUH bHLQJ

HIIHcWLYHO\ UHdXcHd WKURXJK SURWHcWLRQ. FRU H[aPSOH, RQH VWXd\ dHPRQVWUaWHd WKaW WKH

H[SUHVVLRQ RI VWUHVV-UHOaWHd JHQHV aVVRcLaWHd ZLWK UHVSRQVHV WR KLJK cRQWaPLQaQW OHYHOV ZHUH

KLJKHU LQ cUabV RXWVLdH WKaQ LQVLdH aQ MPA RI LQWHUHVW (BaUaWWL HW aO., 2022). TKHUH LV aOVR

JURZLQJ LQWHUHVW LQ HQYLURQPHQWaO RNA (HRNA) aSSURacKHV WR PRQLWRULQJ RYHUaOO KHaOWK aQd

VWUHVV UHVSRQVH acURVV WKH bURadHU HcRORJLcaO cRPPXQLW\ (YaWHV HW aO. 2021).

Geochemical MeWhods

GHRcKHPLcaO PHWKRdV UHO\ RQ QaWXUaO YaULaWLRQ LQ WKH cRQcHQWUaWLRQ RI HOHPHQWV acURVV abLRWLc

aQd bLRWLc PaULQH KabLWaWV WR PaNH LQIHUHQcHV abRXW WKH HcRORJ\ RI RUJaQLVPV aVVRcLaWHd ZLWK

WKRVH KabLWaWV. TKHVH PHWKRdV caQ SURYLdH XQLTXH LQVLJKWV LQWR KabLWaW aVVRcLaWLRQV aQd IRRd

ZHbV acURVV bRWK WLPH aQd VSacH WKaW aUH dLIILcXOW WR TXaQWLI\ WKURXJK RWKHU PHWKRdV. HRZHYHU,

bRWK JHRcKHPLcaO WaJV aQd VSaWLaO LVRWRSH aQaO\VLV UHTXLUH LQYaVLYH SK\VLcaO VaPSOLQJ aQd UHO\

RQ H[WHQVLYH baVHOLQH VWXdLHV WR HVWabOLVK SaWWHUQV RI YaULaWLRQ LQ cKHPLcaO VLJQaWXUHV ZLWKLQ WKH

bURadHU HQYLURQPHQW aQd XQdHUVWaQd WKHLU UHOaWLRQVKLSV WR YaULaWLRQ RbVHUYHd LQ WKH RUJaQLVPV

RI LQWHUHVW (BaObaU HW aO. 2020).

Geochemical Tags

Key Dimensions and Indicators: EcRORJLcaO (dLVWULbXWLRQ, dLVSHUVaO, bHKaYLRXU)

EQYLURQPHQWaO KHWHURJHQHLW\ LQ PaULQH V\VWHPV LV RIWHQ UHIOHcWHd LQ WKH SK\VLRORJ\ RI RUJaQLVPV

LQ Za\V WKaW SURdXcH a ORQJ-OaVWLQJ bLRORJLcaO UHcRUd LQ WKH IRUP RI a geochemical signaWXre or
µWag¶ LQ aQ RUJaQLVP¶V WLVVXHV RU bRd\ VWUXcWXUHV (BaObaU HW aO. 2020). TKH JHRcKHPLcaO

cRPSRVLWLRQ RI caOcLILHd VWUXcWXUHV RI PaULQH RUJaQLVPV, VXcK aV WKH VKHOOV RI LQYHUWHbUaWHV RU

WKH RWROLWKV (HaU-bRQHV) RI ILVK, aUH LQIOXHQcHd b\ WKH SUHVHQcH RI WUacH HOHPHQWV LQ WKH

VXUURXQdLQJ VHaZaWHU ZKLcK YaU\ UHJLRQaOO\ aQd aUH dHSRVLWHd LQ WKHVH VWUXcWXUHV aV WKH\ IRUP.
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FRU H[aPSOH, WKH HOHPHQWV VWURQWLXP aQd R[\JHQ aUH NQRZQ WR bH cORVHO\ aVVRcLaWHd ZLWK

WUaQVLWLRQV acURVV VaOLQLW\ aQd WHPSHUaWXUH JUadLHQWV, UHVSHcWLYHO\.

TKH UHOaWLRQVKLS bHWZHHQ WKLV YaULaWLRQ aQd SK\VLRORJLcaO UHVSRQVH caQ WKXV bH XVHd WR LdHQWLI\

WKH aVVRcLaWLRQ RI RUJaQLVPV ZLWK VSHcLILc HQYLURQPHQWV RYHU WLPH aQd VSacH (BaObaU HW aO.

2020). BHcaXVH caOcLILHd VWUXcWXUHV aUH IRUPHd Oa\HU b\ Oa\HU RYHU da\V RU \HaUV, OLNH WUHH ULQJV,

VWXd\LQJ WKH Za\ JHRcKHPLcaO VLJQaWXUHV cKaQJH acURVV Oa\HUV WKURXJK OabRUaWRU\ aQaO\VLV caQ

SURYLdH a UHcRUd RI aPbLHQW cRQdLWLRQV acURVV aQ RUJaQLVP¶V OLIHWLPH WR KHOS aQVZHU TXHVWLRQV

abRXW WKHLU habiWaW preferences, disWribXWion, dispersal, and connecWiYiW\ acURVV WLPH (H.J.,

OLIH VWaJHV) aQd VSacH (H.J, MPANV aQd WKH bRUdHU PaULQH VHaVcaSHV aURXQd WKHP) (BaObaU HW

aO. 2020). FRU H[aPSOH, JHRcKHPLcaO PHWKRdV KaYH bHHQ XVHd WR dLVWLQJXLVK bHWZHHQ VSaWLaOO\

VHJUHJaWHd SRSXOaWLRQV RI a VSHcLHV (H.J., LQVKRUH aQd RIIVKRUH) RU LdHQWLI\ WKH UHOaWLYH

cRPSRVLWLRQ RI dLIIHUHQW SRSXOaWLRQV RU VSaZQLQJ JURXSV ZKHQ VaPSOHd aV SaUW RI a PL[Hd VWRcN

(SWaQOH\ HW aO. 2016). TKH\ caQ aOVR bH XVHd WR XQdHUVWaQd WKH PLJUaWLRQ RI RUJaQLVPV acURVV

dLIIHUHQW NH\ KabLWaWV acURVV WKHLU OLIH c\cOH aQd HQVXUH WKHVH KabLWaWV aUH ZHOO cRQQHcWHd aQd

UHSUHVHQWHd acURVV MPANV (BaObaU HW aO. 2020). GHRcKHPLcaO WaJV KaYH aOVR bHHQ XVHd WR

dHPRQVWUaWH MPA spilloYer effecWs ZKHQ WKH cKHPLcaO HQYLURQPHQWV LQVLdH aQd RXWVLdH MPAV

aUH VXIILcLHQWO\ dLIIHUHQW (LHJUaQd HW aO. 2019).

IPSRUWaQWO\, WKH XWLOLW\ RI WKLV PHWKRd dHSHQdV RQ WKH UHVROXWLRQ RI HQYLURQPHQWaO YaULabLOLW\ LQ WKH

JHRcKHPLcaO HOHPHQWV XVHd aV WaJV aQd RQ baVHOLQH VWXdLHV WR HVWabOLVK WKH UHOaWLRQVKLSV

bHWZHHQ WKHVH cRQdLWLRQV aQd cRUUHVSRQdLQJ JHRcKHPLcaO VLJQaWXUH OHYHOV LQ RUJaQLVPV.

EQYLURQPHQWaO YaULaWLRQ WHQdV WR RccXU aW cRaUVHU VcaOHV LQ RSHQ PaULQH HQYLURQPHQWV

cRPSaUHd WR PRUH cRQILQHd WHUUHVWULaO HQYLURQPHQWV, bXW Pa\ VWLOO SURYH LQIRUPaWLYH RYHU WKH

OaUJHU VcaOHV RI aQ MPAN LI LW PaWcKHV OaUJHU VcaOH SURcHVVHV RI LQWHUHVW IRU PaQaJHPHQW

(BaObaU HW aO. 2020). BHcaXVH JHRcKHPLcaO VLJQaWXUHV IRUP QaWXUaOO\, WKH\ aOVR SURYLdH aQ

HIILcLHQW aOWHUQaWLYH WR PaUN-UHcaSWXUH VWXdLHV UHO\LQJ RQ aUWLILcLaO SK\VLcaO WaJV ZKLcK caQ bH

UHVRXUcH-LQWHQVLYH aQd LPSUacWLcaO RYHU YHU\ OaUJH VcaOHV (BaObaU HW aO. 2020).

SWable IsoWopes

Key Dimensions and Indicators: EcRORJLcaO (dLVWULbXWLRQ, dLVSHUVaO, bHKaYLRXU, HcRORJLcaO

SURcHVV cRQQHcWLYLW\, IRRd ZHb d\QaPLcV/WURSKLc OHYHO), GRYHUQaQcH (SUHVVXUHV, PaQaJHPHQW

HIIHcWLYHQHVV)
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SLPLOaU WR JHRcKHPLcaO aQaO\VLV, VWabOH LVRWRSH aQaO\VLV (SIA) WaNHV adYaQWaJH RI YaULaWLRQ LQ

WKH UaWLRV RI LVRWRSHV IRU VRPH HOHPHQWV VXcK aV caUbRQ, QLWURJHQ, aQd VXOIXU acURVV dLIIHUHQW

W\SHV RI SULPaU\ SURdXcHUV (H.J., SK\WRSOaQNWRQ, HHOJUaVV, NHOSV) aW ORcaO WR UHJLRQaO VcaOHV,

ZKLcK aUH WKHQ cRQcHQWUaWHd RU µHQULcKHd¶ acURVV LQcUHaVLQJ WURSKLc OHYHOV RI cRQVXPHUV acURVV

WKH IRRd cKaLQ. LabRUaWRU\ aQaO\VLV RI VWabOH LVRWRSHV LQ WLVVXH VaPSOHV caQ bH XVHd WR aQVZHU

TXHVWLRQV abRXW KabLWaW aVVRcLaWLRQV, dLHW, PRYHPHQW, aQd HQHUJHWLc WUaQVIHU SaWKZa\V acURVV

IRRd ZHbV LQ Za\V WKaW aUH UHOHYaQW IRU WKH PaQaJHPHQW RI MPANV aQd bURadHU VHaVcaSHV

(BaObaU HW aO. 2020, MacN HW aO. 2020).

SWabOH LVRWRSHV KaYH bHHQ XVHd WR dHWHUPLQH WKH siWe fideliW\ RU moYemenW RI RUJaQLVPV LQ

UHOaWLRQ WR RQH RU PRUH VSHcLILc KabLWaWV aQd OaWLWXdLQaO UaQJHV (BaObaU HW aO. 2020). SWabOH

LVRWRSHV caQ aOVR bH XVHd WR PRQLWRU cKaQJHV LQ PaULQH IRRd ZHb d\QaPLcV aVVRcLaWHd ZLWK

HcRV\VWHP UHcRYHU\ IROORZLQJ SURWHcWLRQ LQ MPAV WR WUacN HIIHcWLYHQHVV aQd SHUIRUPaQcH RYHU

WLPH. FRU H[aPSOH, VWXdLHV KaYH VXJJHVWHd WKaW consXmer niche ZidWhs (OOVRQ HW aO. 2019) RU

food Zeb lengWh and sWabiliW\ (MacN HW aO. 2020) Pa\ bH aQ HaUO\ VLJQaO RI bURadHU SUH\

aYaLOabLOLW\ aQd LQcUHaVLQJ IRRd ZHb cRPSOH[LW\ ZKLOH cKaQJHV LQ mean Wrophic leYel (BOaQcR HW

aO. 2021) Pa\ VLJQaO WKH UHcRYHU\ RI SUHdaWRUV WKaW ZHUH SUHYLRXVO\ KaUYHVWHd. SWabOH LVRWRSHV

caQ aOVR bH XVHd WR PRQLWRU hXman-associaWed pressXres LQ WKH IRUP RI QLWURJHQ aQd caUbRQ

LQSXWV LQWR WKH PaULQH HQYLURQPHQW, IRU H[aPSOH, WKURXJK UXQRII RI IHUWLOL]HUV RU KXPaQ aQd

aQLPaO ZaVWH WKaW aUH WaNHQ XS b\ SK\WRSOaQNWRQ, VHaZHHdV, aQd PaULQH SOaQWV aQd cRQWULbXWH

WR PaULQH HXWURSKLcaWLRQ (MacN HW aO. 2020, FUaQNOLQ HW aO. 2020).

AV ZLWK JHRcKHPLcaO WaJV, WKH XWLOLW\ RI WKLV PHWKRd dHSHQdV RQ baVHOLQH VWXdLHV WR HVWabOLVK a

VXIILcLHQW UaQJH RI SUHdLcWabOH YaULabLOLW\ RI LVRWRSHV acURVV dLIIHUHQW IRRd VRXUcHV, KabLWaWV, aQd

HQYLURQPHQWaO JUadLHQWV WR dHILQH XQLTXH µLVR-VcaSHV¶, aV ZHOO aV XQdHUVWaQdLQJ WLVVXH- aQd

VSHcLHV-VSHcLILc LVRWRSH WXUQRYHU UaWHV, WR LQWHUSUHW WKH UHVXOWV RI aQaO\VHV (BaObaU HW aO. 2020).

2.6.3 MoniWoring and Sampling Design
SXccHVVIXOO\ LQWHUSUHWLQJ WKH daWa HPHUJLQJ IURP MPA PRQLWRULQJ SURJUaPV WR dUaZ YaOLd

LQIHUHQcHV abRXW MPA HIIHcWLYHQHVV WKaW caQ LQIRUP dHcLVLRQ-PaNLQJ KLQJHV RQ a URbXVW

VaPSOLQJ dHVLJQ, SaUWLcXOaUO\ LQ WKH PRUH cRPSOH[ cRQWH[W RI MPANV cRPSRVHd RI PXOWLSOH VLWHV

WKaW YaU\ LQ WKHLU cKaUacWHULVWLcV aQd HQYLURQPHQWaO cRQdLWLRQV (TKLaXOW HW aO. 2019, PHUNLQV HW aO.

2021).
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SelecWing a SXiWable Sampling Design

MaQ\ aSSURacKHV WR VaPSOLQJ dHVLJQ H[LVW dHSHQdLQJ RQ WKH W\SH RI PRQLWRULQJ TXHVWLRQ RI

LQWHUHVW, UaQJLQJ IURP knoZledge deYelopmenW qXesWions WKaW LQYHVWLJaWH VWaWXV, WR daWa
mining qXesWions WKaW aLP WR LdHQWLI\ WUHQdV RU UHOaWLRQVKLSV ZLWKLQ aQd bHWZHHQ SaUaPHWHUV RI

LQWHUHVW, WR caXsal qXesWions WKaW aLP WR XQdHUVWaQd ZKaW IacWRUV aUH acWXaOO\ dULYLQJ WKH WUHQdV

RbVHUYHd LQ PRQLWRULQJ daWa (Ha\HV HW aO. .2015). IPSRUWaQWO\, QRW aOO PRQLWRULQJ dHVLJQV aUH abOH

WR VXccHVVIXOO\ aQVZHU aOO W\SHV RI TXHVWLRQV, aQd PRQLWRULQJ SURJUaPV WKaW aLP WR HVWabOLVK WKH

HIIHcWLYHQHVV RU µLPSacW¶ RI a PaQaJHPHQW LQWHUYHQWLRQ, VXcK aV HVWabOLVKPHQW RI a MPA RU

MPAN, PHaQW WR LQIRUP dHcLVLRQ PaNLQJ UHTXLUH a KLJKHU VWaQdaUd RI VWaWLVWLcaO ULJRU WR HVWabOLVK

a caXVaO UHOaWLRQVKLS bHWZHHQ LQWHUYHQWLRQ aQd RXWcRPHV (AKPadLa HW aO. 2015, KXSVcKXV HW aO.

2016, Ha\HV HW aO. 2019, WaXKcKRSH HW aO. 2021). A UHcHQW UHYLHZ RI NH\ W\SHV RI PRQLWRULQJ

dHVLJQV IRU a PaULQH cRQWH[W SURYLdHV a KHOSIXO JXLdH IRU XQdHUVWaQdLQJ WKH HYLdHQcH KLHUaUcK\

aVVRcLaWHd ZLWK dLIIHUHQW W\SHV RI PRQLWRULQJ dHVLJQV aQd WKHLU VXLWabLOLW\ IRU aQVZHULQJ WKH

dLIIHUHQW W\SHV RI PRQLWRULQJ TXHVWLRQV (Ha\HV HW aO. 2019). WLWKLQ WKLV IUaPHZRUN, LW LV JHQHUaOO\

XQdHUVWRRd WKaW PaQaJHPHQW dHcLVLRQV RIWHQ UHTXLUH WKH KLJKHVW VWUHQJWK RI HYLdHQcH SRVVLbOH

WR MXVWLI\ WKH SRWHQWLaO WUadH-RIIV RI WKH PaQaJHPHQW acWLRQ LQ WHUPV RI ORVW HcRQRPLc RU RWKHU

RSSRUWXQLWLHV.

APRQJ cRPPRQ VaPSOLQJ dHVLJQV, randomi]ed conWrolled sWXdies aUH acNQRZOHdJHd WR

SURYLdH WKH JUHaWHVW VWUHQJWK RI HYLdHQcH IRU PaNLQJ caXVaO LQIHUHQcHV, IROORZHd b\

non-randomi]ed conWrolled Wrials, caVH-cRQWURO RU cURVV-VHcWLRQaO VWXdLHV, XQcRQWUROOHd

VWXdLHV, aQd ILQaOO\ H[SHUW RSLQLRQ (Ha\HV HW aO. 2019).

RaQdRPL]Hd cRQWUROOHd WULaOV LQcOXdH VHYHUaO W\SHV RI VWXd\ dHVLJQV VXcK aV

before-afWer-conWrol-impacW (BACI) VWXdLHV, aQd cURVV-RYHU VWXdLHV, bXW ZLWK WKH UHTXLUHPHQWV

WKaW VaPSOH XQLWV aUH randomi]ed (RU UaQdRPO\ aOORcaWHd WR HLWKHU WKH cRQWURO RU LQWHUYHQWLRQ

JURXSV) aQd spaWiall\ balanced (HYHQO\ VSUHad RYHU WKH dLVWULbXWLRQ RI WKH SaUaPHWHU RI

LQWHUHVW) WR KHOS LQcUHaVH WKH OLNHOLKRRd RI a represenWaWiYe VaPSOH (RQH WKaW LV UHSUHVHQWaWLYH

RI WKH ZKROH SRSXOaWLRQ RI LQWHUHVW) aQd PLQLPL]H WKH HIIHcWV RI cRQIRXQdLQJ YaULabOHV (VHH QH[W

VHcWLRQ IRU PRUH LQIRUPaWLRQ). IQ WKH cRQWH[WV RI MPANV, before-afWer-conWrol-impacW paired
series (BACIPS) aUH a VXLWabOH YaULaWLRQ WKaW WUacNV cKaQJH acURVV PXOWLSOH SaLUV RI VLWHV RYHU

WLPH. HRZHYHU, bRWK BACI aQd BACIP dHVLJQV aVVXPH a UaSLd VWHS-cKaQJH IURP bHIRUH WR aIWHU

cRQdLWLRQV, ZKLcK aUH XQOLNHO\ WR RccXU LQ aQ MPA cRQWH[W ZKHUH cKaQJH LV H[SHcWHd WR accUXH

PRUH JUadXaOO\ aQd IROORZ PRUH cRPSOH[ d\QaPLcV JLYHQ WKH ORQJ OLIHVSaQ RI VRPH VSHcLHV aQd

WKH VRPHWLPHV VWaJHd SURJUHVVLRQ RI HQIRUcHPHQW aQd cRPSOLaQcH. TKH QHZHU
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PURJUHVVLYH-CKaQJH BACIPS dHVLJQ SURYLdHV a PRUH IOH[LbOH aSSURacK WKaW caQ dHWHcW aQd

TXaQWLI\ addLWLRQaO SaWWHUQV RI WHPSRUaO cKaQJH (H.J., OLQHaU, aV\PSWRWLc, aQd VLJPRLdaO) (WKLWH

HW aO. 2011, TKLaXOW HW aO. 2019).

AOWKRXJK WKHVH W\SHV RI VWaWLVWLcaOO\ ULJRURXV VaPSOLQJ dHVLJQV aUH LQcUHaVLQJO\ bHLQJ

LQcRUSRUaWHd LQWR MPA PRQLWRULQJ aQd HYaOXaWLRQ IUaPHZRUNV, WKH\ UHPaLQ UaUH, SRWHQWLaOO\ dXH

WR WKH ZLdHVSUHad OacN RI baseline daWa WR LQIRUP WKHVH VWXdLHV (TKLaXOW HW aO. 2019, Ha\HV HW aO.

2019). IdHaOO\, aOO MPA aQd UHIHUHQcH VLWHV ZRXOd KaYH cRPSOHWHd baVHOLQH RU µbHIRUH¶ PRQLWRULQJ

RI NH\ LQdLcaWRUV aW PXOWLSOH WLPHSRLQWV prior WR MPA HVWabOLVKPHQW, bXW LQ SUacWLcH, baVHOLQH

PRQLWRULQJ PRUH W\SLcaOO\ WaNHV SOacH ZLWKLQ WKH ILUVW IHZ \HaUV IROORZLQJ LPSOHPHQWaWLRQ RI

]RQLQJ aQd PaQaJHPHQW SOaQV (AKPadLa HW aO. 2015, Ha\HV HW aO. 2019, TKLaXOW HW aO. 2019, YaQ

DLJJOHQ HW aO. 2022). TKLV JHQHUaOO\ SUHcOXdHV WKH XVH RI bHIRUH-aIWHU VaPSOLQJ dHVLJQV, ZKLcK

JUHaWO\ UHdXcHV WKH abLOLW\ WR dUaZ LQIHUHQcHV, IXUWKHU VWUHVVLQJ WKH LPSRUWaQcH RI baVHOLQH daWa

cROOHcWLRQ SULRU WR HVWabOLVKPHQW. IQ VRPH caVHV, baVHOLQH LQIRUPaWLRQ LV aOUHad\ aYaLOabOH IRU

VRPH LQdLcaWRUV WKaW aUH cROOHcWHd WKURXJK H[LVWLQJ PRQLWRULQJ SURJUaPV. HRZHYHU, JaSV aUH

OLNHO\ WR UHPaLQ, SaUWLcXOaUO\ JLYHQ WKaW WKRVH SURJUaPV ZHUH OLNHO\ QRW dHVLJQHd ZLWK MPA

HIIHcWLYHQHVV HYaOXaWLRQ LQ PLQd (AKPadLa HW aO. 2015).

ConWrolling for ConfoXnding Variables Yia Sampling Design

CRQWUROOLQJ IRU cRQIRXQdLQJ YaULabOHV LV XVXaOO\ dRQH WKURXJK caUHIXO PaWcKLQJ RI WUHaWPHQW aQd

cRQWURO VLWHV, UaQdRPL]aWLRQ aQd KLJKHU VaPSOH VL]HV, VSaWLaOO\-baOaQcHd VaPSOLQJ dHVLJQV, RU

WKURXJK a cRPbLQaWLRQ RI WKHVH aSSURacKHV (Ha\HV HW aO. 2019).

Randomi]aWion and Increasing Sample Si]e

Randomi]aWion LQYROYHV VHOHcWLQJ VaPSOH VLWHV IURP ZLWKLQ cRQWURO aQd LQWHUYHQWLRQ VLWHV

UaQdRPO\ IURP acURVV WKH SRSXOaWLRQ RI WKH SaUaPHWHU RI LQWHUHVW PaNHV LW PRUH OLNHO\ WKaW WKH

RYHUaOO VaPSOH, acURVV aOO VLWHV, ZLOO bH UHSUHVHQWaWLYH RI WKH SRSXOaWLRQ aQd ZLOO UHIOHcW WKH

dLIIHUHQW cRPbLQaWLRQV RI LQIOXHQcLQJ RU cRQIRXQdLQJ IacWRUV RWKHU WKaQ WKH WUHaWPHQW. TKHVH

bHQHILWV RU UaQdRPL]aWLRQ aUH PRUH OLNHO\ WR HPHUJH ZLWK larger sample si]es (Ha\HV HW aO.

2019). TKHUH aUH JHQHUaOO\ ORJLVWLcaO aQd cRVW cRQVWUaLQWV WR WKH QXPbHU RI VaPSOLQJ VLWHV

SRVVLbOH ZLWKLQ aQ MPA PRQLWRULQJ SURJUaP, aQd WRROV OLNH SRZHU aQaO\VLV (VHH VHcWLRQV bHORZ)

caQ bH XVHd WR cKHcN WKH VL]H RI WKH VaPSOH IRU a JLYHQ VaPSOLQJ dHVLJQ aQd IUHTXHQc\ WKaW LV

QHHdHd WR dHWHcW cKaQJHV LQ WKH SaUaPHWHUV RI LQWHUHVW, RU RWKHUZLVH SUHdLcW KRZ ORQJ LW ZLOO WaNH

IRU PRQLWRULQJ WR dHWHcW cKaQJH IRU a JLYHQ VaPSOH VL]H (PHUNLQV HW aO. 2021).
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RaQdRPL]Hd VWXdLHV aUH QRW aOZa\V SRVVLbOH LQ aQ HQYLURQPHQWaO cRQWH[W IRU a YaULHW\ RU

UHaVRQV. IQ VRPH caVHV, WKLV LV bHcaXVH WKH dLVWULbXWLRQ RI PaQ\ HcRV\VWHP SUHVVXUHV aQd

PaQaJHPHQW LQWHUYHQWLRQV LV QRQ-UaQdRP (H.J., WKH ORcaWLRQ RI ILVKLQJ, VHZaJH RXWIaOOV, MPAV,

HWc.) (Ha\HV HW aO. 2019). HRZHYHU, VWaWLVWLcaO PaWcKLQJ PHWKRdV WKaW aLP WR UaQdRPL]H WKH

VHOHcWLRQ RI cRQWURO VLWHV caQ bH XVHd WR aSSUR[LPaWH IXOO\ UaQdRPL]Hd VWXd\ dHVLJQV aQd

LQcUHaVH VWaWLVWLcaO ULJRU (VHH bHORZ, AKPadLa HW aO. 2015). IQ RWKHU caVHV, IXOO UaQdRPL]aWLRQ

Pa\ QRW bH aSSURSULaWH JLYHQ WKH PRQLWRULQJ TXHVWLRQ RI LQWHUHVW. FRU H[aPSOH, ZKHQ PRQLWRULQJ

VHVVLOH VSHcLHV OLNH cROd-ZaWHU cRUaOV RU VSRQJHV, fi[ed WransecWs ZLOO aOORZ bHWWHU dHWHcWLRQ RI

WUHQdV LQ UHOaWLYH abXQdaQcH, ZKLOH random WransecWs aUH PRUH OLNHO\ WR caSWXUH LPSacWV IURP

ORcaOL]Hd VWUHVVRUV (H.J., ILVKLQJ dXH WR QRQcRPSOLaQcH), VXcK WKaW a PL[ RI bRWK VaPSOLQJ

VWUaWHJLHV Pa\ bH PRVW aSSURSULaWH (LRK HW aO. 2019). IQ RWKHU caVHV, WKLV LV a UHVXOW RI SRRU

ZHaWKHU cRQdLWLRQV, HTXLSPHQW IaLOXUH, aQd RWKHU XQSUHdLcWabOH HOHPHQWV RI ILHOd ORJLVWLcV,

UHVXOWLQJ LQ XQLQWHQWLRQaOO\ XQbaOaQcHd VaPSOHV aQd XQcRQWUROOHd cRQIRXQdLQJ IacWRUV. IQ OLJKW RI

WKLV UHaOLW\, PRQLWRULQJ VWUaWHJLHV VKRXOd SOaQ aKHad WR aSSO\ PRUH VRSKLVWLcaWHd VWaWLVWLcaO

PHWKRdV, VXcK aV JHQHUaOL]Hd OLQHaU PL[Hd HIIHcWV PRdHOV ZLWK VSaWLaO aQd VSaWLRWHPSRUaO

UaQdRP ILHOdV, WKaW aUH caSabOH RI PaNLQJ URbXVW LQIHUHQcHV dHVSLWH WKHVH LUUHJXOaULWLHV

(AQdHUVRQ HW aO. 2022, TKRPSVRQ HW aO. 2022b).

CarefXl SelecWion and MaWching of TreaWmenW and ConWrol SiWes

OQJRLQJ PRQLWRULQJ aW conWrol or reference siWes caUHIXOO\ PaWcKHd WR HQYLURQPHQWaO

cRQdLWLRQV ZLWKLQ MPAV caQ SURYLdH a IXQcWLRQaO baVHOLQH IRU RQJRLQJ cRPSaULVRQ ZLWK MPA VLWHV

WR WHVW WKH coXnWerfacWXal (H.J., cKaQJHV LQ ILVK SRSXOaWLRQV WKaW ZRXOd KaYH RccXUUHd ZLWKRXW

SURWHcWLRQ) aV SaUW RI a ORQJ-WHUP MPA HYaOXaWLRQ SURJUaP (AKPadLa HW aO. 2015).

BHcaXVH MPA VLWHV aUH XVXaOO\ LQWHQWLRQaOO\ SOacHd acURVV a VHaVcaSH WR PHHW a VHW RI VRcLaO,

HcRORJLcaO, aQd PaQaJHPHQW RbMHcWLYHV, UHIHUHQcH RU cRQWURO VLWHV aUH RIWHQ aVVLJQHd XVLQJ

manXal or sWaWisWical maWching PHWKRdV LQ aQ aWWHPSW WR µUHYHUVH HQJLQHHU¶ a UaQdRPL]Hd

cRQWUROOHd WULaO dHVLJQ PHaQW WR PLQLPL]H RbVHUYabOH bLaV (L.H., dLIIHUHQcHV bHWZHHQ MPA aQd

cRQWURO VLWHV aULVLQJ IURP QRQ-UaQdRP aVVLJQPHQW). SXcK PHWKRdV Pa\ XVH a WLHUHd aSSURacK,

ZKHUH cRaUVH PaQXaO PaWcKLQJ baVHd RQ KabLWaW PaSSLQJ aQd H[SHUW NQRZOHdJH LV ILUVW XVHd WR

JHQHUaWH a OLVW RI caQdLdaWH UHIHUHQcH aUHaV WKRXJKW WR bH PRVW cRPSaUabOH WR MPA VLWHV,

IROORZHd b\ VWaWLVWLcaO PaWcKLQJ XVLQJ VWaWLVWLcaO VRIWZaUH WR JHQHUaWH VHWV RI MPA aQd UHIHUHQcH

VLWHV WKURXJK UaQdRPL]aWLRQ ZLWKLQ MPA aUHaV aQd cRaUVH PaWcKLQJ aUHaV WR PaWcK VLPLOaU

cRQdLWLRQV RI VHOHcWHd LQIOXHQcLQJ IacWRUV RU cRYaULaWHV RI MPA SHUIRUPaQcH (H.J., PaWcKLQJ WR

VHa VXUIacH WHPSHUaWXUH, H[SRVXUH, VXbVWUaWH W\SH, dLVWaQcH WR NH\ KabLWaW W\SHV, ILVKLQJ aQd
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SROOXWLRQ ULVN, XVLQJ WKH MaWcKLQJ SacNaJH LQ WKH R VWaWLVWLcaO VRIWZaUH VXLWH, AKPadLa HW aO.

2015). AddLWLRQaO consWrainWs Pa\ QHHd WR bH addHd WR PaWcKLQJ aOJRULWKPV WR accRXQW IRU

RWKHU IacWRUV RI LQWHUHVW IRU HYaOXaWLRQ. FRU H[aPSOH, b\ LPSRVLQJ a UXOH WR VHOHcW PaWcKLQJ

UHIHUHQcH VLWHV ZLWKLQ a bLRORJLcaOO\ PHaQLQJIXO dLVSHUVaO dLVWaQcH (H.J., 5 - 10 NP) IURP aQ MPA

bRXQdaU\ WR IacLOLWaWH WKH dHWHcWLRQ RI VSLOORYHU HIIHcWV (AKPadLa HW aO. 2015), ZKLOH IRUcLQJ WKH

LQcOXVLRQ RI OHJac\ VLWHV caQ KHOS WR PaLQWaLQ WKH OLQN WR KLVWRULcaO cRQWH[W WKURXJK ORQJ-WHUP WLPH

VHULHV (PU]HVOaZVNL aQd FRVWHU 2020). FRU H[aPSOH, OLJKWVWaWLRQV WKaW KaYH ORQJ KRXVHd

ORQJ-WHUP PaULQH PRQLWRULQJ LQVWUXPHQWV cRXOd bH LQcOXdHd aV OHJac\ VLWHV IRU HQYLURQPHQWaO

PRQLWRULQJ dHVLJQV WR WaNH adYaQWaJH RI H[LVWLQJ WLPH VHULHV IRU NH\ LQdLcaWRUV aW WKHVH VLWHV aQd

SURPRWH WKH cR-ORcaWLRQ RI addLWLRQaO PRQLWRULQJ aW WKHVH H[LVWLQJ VLWHV.

UOWLPaWHO\, PaWcKLQJ PXVW baOaQcH WUadH-RIIV bHWZHHQ WKH qXaliW\ of maWches (L.H., PLQLPL]LQJ

dLIIHUHQcHV LQ cRYaULaWHV acURVV SaLUV, ZKLcK Pa\ YaU\ b\ cRYaULaWH) aQd WKH QXPbHU RI SRVVLbOH

cRQWURO VLWHV, ZKLcK aIIHcWV sample si]e aQd WKXV WKH abLOLW\ RI SRVW-KRc aQaO\VHV WR dHWHcW

cKaQJHV LQ MPA RXWcRPHV. IPSRUWaQWO\, SRVW-KRc aQaO\VHV ZLOO aOVR QHHd WR accRXQW IRU aQ\

UHPaLQLQJ bLaVHV IROORZLQJ PaWcKLQJ (AKPadLa HW aO. 2015, Ha\HV HW aO. 2019).

SpaWiall\ Balanced Sampling

SHOHcWLRQ RI VaPSOLQJ VLWHV caQ bH IXUWKHU cRQVWUaLQHd b\ dUaZLQJ IURP a masWer sample frame,

a VHW RI VWaQdaUd VaPSOLQJ SRLQWV VSUHad acURVV WKH HQWLUH UHJLRQ RI LQWHUHVW IRU aQ RYHUaUcKLQJ

PRQLWRULQJ SXUSRVH (H.J., MPAN HYaOXaWLRQ), IURP ZKLcK VXb-VaPSOHV caQ bH dUaZQ WR PHHW WKH

QHHdV RI dLIIHUHQW PRQLWRULQJ acWLYLWLHV aQd SURJUaPV (H.J., PRQLWRULQJ dHVLJQV IRU VSHcLILc

LQdLcaWRUV) (SWHLQ aQd LacNHW 2012, YaQ DaP-BaWHV 2017). MaVWHU VaPSOH IUaPHV caQ bH

dHYHORSHd XVLQJ dLIIHUHQW PHWKRdV aQd VRIWZaUH WRROV (VHH BR[ 3), aQd WKH\ aUH SaUWLcXOaUO\

KHOSIXO ZKHQ cRRUdLQaWLQJ PRQLWRULQJ acWLYLWLHV acURVV PXOWLSOH SURJUaPV RU RUJaQL]aWLRQV.
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SpaWiall\-balanced WHcKQLTXHV IRU cUHaWLQJ PaVWHU VaPSOHV aUH SaUWLcXOaUO\ dHVLUabOH (YaQ

DaP-BaWHV 2017, Ha\HV HW aO. 2019). TKHVH WHcKQLTXHV LQYROYH VHOHcWLQJ VaPSOH VLWHV WKaW aUH

HYHQO\ VSUHad RYHU WKH dLVWULbXWLRQ RI WKH SaUaPHWHU RU LQdLcaWRU RI LQWHUHVW, ZLWK QRW PaQ\

cOXPSV RU HPSW\ aUHaV LQ WKH dLVWULbXWLRQ RI VaPSOH VLWHV. TKLV caQ KHOS WR LQcUHaVH WKH

OLNHOLKRRd WKaW aUHaV ZKLcK Pa\ cRQWULbXWH PRUH XQcHUWaLQW\ WR SRSXOaWLRQ HVWLPaWHV ZLOO bH

VaPSOHV (YaQ DaP-BaWHV 2017, Ha\HV HW aO. 2019). WKHQ UaQdRPL]aWLRQ LV XVHd ZLWKRXW

cRQVLdHULQJ VSaWLaO baOaQcH, WKHUH LV a cKaQcH WKaW UaQdRP VLWHV ZLOO aOO bH cOXVWHUHd LQ RQH aUHa

ZLWK VLPLOaU HQYLURQPHQWaO LQIOXHQcLQJ IacWRUV. HRZHYHU, VSaWLaOO\ baOaQcHd VaPSOLQJ caQ bH

XVHd ZLWK UaQdRPL]aWLRQ aV UaQdRPL]aWLRQ caQ bH cRQVWUaLQHd WR cKRRVH UaQdRP VLWHV ZLWKLQ a

VSHcLILc VaPSOH IUaPH ± H.J, VHOHcWLQJ UaQdRP VLWHV RQO\ ZLWKLQ SURWHcWHd aUHaV, aUHaV ZKHUH

VSHcLILc KabLWaWV RccXU, aUHaV accHVVLbOH b\ cRPPXQLWLHV, RU RWKHU cULWHULa (Ha\HV HW aO. 2019).

SpaWial, Temporal, and Scale ConsideraWions

TKH accXUac\ RI MPA HIIHcWLYHQHVV HYaOXaWLRQ baVHd RQ cRPSaULVRQV bHWZHHQ PRQLWRULQJ daWa

bHIRUH RU aIWHU SURWHcWLRQ aQd LQVLdH aQd RXWVLdH RI SURWHcWHd aUHaV caQ bH IXUWKHU cRQIRXQdHd

b\ WKH spaWial and Wemporal scales RI PRQLWRULQJ. FRU H[aPSOH, WKH UHVSRQVHV RI PXOWLSOH

dLPHQVLRQV aQd LQdLcaWRUV bHLQJ PRQLWRUHd caQ bH LQIOXHQcHd b\ MPA si]e, pre-esWablishmenW
fishing efforW, Wime since esWablishmenW, leYels of effecWiYe proWecWion, and Whe dispersal
disWances, connecWiYiW\, generaWion Wime, and hisWor\ of harYesW RI NH\ VSHcLHV (MRIILWW HW aO.

2013, COaXdHW HW aO. 2017, TKLaXOW HW aO. 2019, LL HW aO. 2020, LRLVHaX HW aO. 2021). MRdHOOLQJ

XVLQJ PHWKRdV VXcK aV JHQHUaOL]Hd OLQHaU PL[Hd HIIHcWV PRdHOV (GLMMV) ZLWK VSaWLaO aQd

VSaWLRWHPSRUaO UaQdRP ILHOdV caQ bH XVHd WR aVVHVV WKH UHOaWLYH LQIOXHQcH RI WKHVH IacWRUV aQd

LdHQWLI\ JHQHUaO UXOHV RI WKXPb IRU cRQdLWLRQV XQdHU ZKLcK WKH JUHaWHVW cKaQJHV aUH H[SHcWHd

(H.J., PRUH WKaQ WZR dLVSHUVaO XQLWV aZa\ IURP MPAV IROORZLQJ WZR JHQHUaWLRQV) ZKLcK caQ

LQIRUP PRUH ULJRURXV VaPSOLQJ dHVLJQV WKaW accRXQW IRU WKHVH IacWRUV (MRIILWW HW aO. 2013,

AQdHUVRQ HW aO. 2022, TKRPSVRQ HW aO. 2022b).
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AV daWa accXPXOaWH WR JHQHUaWH ORQJ-WHUP Wime series daWa, VRPH addLWLRQaO cRQVLdHUaWLRQV aUH

ZaUUaQWHd WR PLQLPL]H WKH SRWHQWLaO IRU PLVOHadLQJ UHVXOWV. TKHVH LQcOXdH cRQVLdHUaWLRQV abRXW

WKH IROORZLQJ WHPSRUaO SaUaPHWHUV (TKLaXOW HW aO. 2019, WaXKcKRSH HW aO. 2021):
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Ɣ meWric of change \RX aUH PRVW LQWHUHVWHd LQ (H.J., cRPSaULQJ WKH aYerage YaOXH RI aQ

LQdLcaWRU acURVV WKH WLPH VHULHV RU WKH Wrend LQ WKaW LQdLcaWRU acURVV WKH WLPH VHULHV)

(WaXKcKRSH HW aO. 2021);

Ɣ Wimeframe RI UHVSRQVH \RX aUH H[SHcWLQJ RU LQWHUHVWHd LQ (H.J., LPPHdLaWH UHVSRQVH ULJKW aW

RU aIWHU LPSOHPHQWaWLRQ RI WKH LQWHUYHQWLRQ baVHd RQ OLIH KLVWRU\ cKaUacWHULVWLcV VXcK aV

JHQHUaWLRQ WLPH RU JURZWK UaWHV RI IRcaO RUJaQLVPV, ZKHUH VORZHU JURZLQJ RU ORQJHU OLYHd

VSHcLHV caQ bH H[SHcWHd WR KaYH ORQJHU UHVSRQVH WLPHV, ZKLcK caQ KHOS WR dHWHUPLQH

aSSURSULaWH PRQLWRULQJ IUHTXHQcLHV) (MRIILWW HW aO. 2013, LRK HW aO. 2019, KaSOaQ HW aO. 2019,

WaXKcKRSH HW aO. 2021);

Ɣ paWWern of change (H.J., VWHS-cKaQJH, OLQHaU, aV\PSWRWLc, RU VLJPRLdaO) (TKLaXOW HW aO. 2019);

Ɣ cRQWUROOLQJ IRU HIIHcWV VXcK aV ]ero YalXes RU Wime lags LQ WKH aQaO\VLV, ZKLcK aUH LQIOXHQcHd

b\ H[SHcWHd UHVSRQVH WLPHV, WR UHdXcH WKH SRWHQWLaO IRU PLVOHadLQJ UHVXOWV (WaXKcKRSH HW

aO. 2021).

IPSRUWaQWO\, WKHVH cRQVLdHUaWLRQV aSSO\ WR bRWK WKH change e[pecWed folloZing MPA
esWablishmenW aQd WKH QaWXUaO YaULabLOLW\ LQ WKH indicaWor of inWeresW (H.J., QaWXUaO SHaNV aQd

WURXJKV LQ UHcUXLWPHQW UaWHV) aQd oWher enYironmenWal Yariables (H.J., VHYHUH HQYLURQPHQWaO

dLVWXUbaQcHV) ZKLcK caQ RWKHUZLVH WHPSRUaULO\ RbVcXUH RU QHJaWH WKH HIIHcWV RI SURWHcWLRQ.

TKHVH IacWRUV VKRXOd bH H[SOLcLWO\ accRXQWHd IRU dXULQJ bRWK VaPSOLQJ dHVLJQ aQd WKH aQaO\VLV RI

PRQLWRULQJ daWa (TKLaXOW HW aO. 2019, HRSI HW aO. 2022c).

FLQaOO\, LQ WKH cRQWH[W RI MPANV, WKH XVH RI cRQVLVWHQW, sWandardi]ed PRQLWRULQJ, LQdLcaWRUV, aQd

QHVWHd VaPSOLQJ dHVLJQV acURVV MPA VLWHV aQd SaUWQHU RUJaQL]aWLRQV ZLOO IacLOLWaWH daWa

LQWHURSHUabLOLW\, aJJUHJaWLRQ, aQd UHSRUWLQJ aW PXOWLSOH VSaWLaO aQd WHPSRUaO VcaOHV (BXcN HW aO.

2019).

Assessing SWaWisWical PoZer Wo DeWecW Change

TKH abLOLW\ RI dLIIHUHQW PRQLWRULQJ LQdLcaWRUV, PHWKRdV, aQd VaPSOLQJ dHVLJQV WR \LHOd URbXVW

LQIHUHQcHV caQ bH WHVWHd SULRU WR LPSOHPHQWaWLRQ XVLQJ YaULRXV IRUPV RI poZer anal\sis. WKHQ

PRQLWRULQJ LV RccXUULQJ LQ WKH cRQWH[W RI MPANV, UHVRXUcH cRQVWUaLQWV ZLOO UHTXLUH PaQaJHUV WR

PaNH WUadH-RIIV bHWZHHQ aYaLOabOH PRQLWRULQJ PHWKRdV, OHYHOV RI ZLWKLQ-VLWH VaPSOLQJ, aQd OHYHOV

RI VSaWLaO aQd WHPSRUaO UHSOLcaWLRQ acKLHYabOH acURVV PXOWLSOH MPA VLWHV ZLWKLQ WKH QHWZRUN

(PHUNLQV HW aO. 2021).
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PRZHU aQaO\VHV LQYROYH WKH XVH RI PRdHOV WKaW caQ VLPXOaWH H[SHcWHd cKaQJHV LQ MPA

LQdLcaWRUV aQd aVVHVV WKH abLOLW\ RI dLIIHUHQW VaPSOLQJ dHVLJQ HOHPHQWV VXcK aV VaPSOLQJ HIIRUW,

VL]H, ORcaWLRQ, aQd IUHTXHQc\ IRU dLIIHUHQW LQdLcaWRUV, PHWKRdV, aQd LQLWLaO cRQdLWLRQV (H.J.,

SUH-LPSOHPHQWaWLRQ OHYHO RI ILVKLQJ PRUWaOLW\ LQIOXHQcLQJ VWaUWLQJ ILVK dHQVLWLHV RU UHcUXLWPHQW

UaWHV) WR dHWHUPLQH ZKLcK cRPbLQaWLRQV aUH bHVW abOH WR dHWHcW cKaQJHV LQ WKH SaUaPHWHUV RI

LQWHUHVW acURVV aQ MPAN (NLcNROV HW aO. 2019, PHUNLQV HW aO. 2021). SXcK SHUIRUPaQcH WHVWLQJ

caQ aOVR bH SURMHcWHd IRUZaUd WR HVWLPaWH RI WKH dXraWion of sampling reqXired WR VLJQaOV RI

cKaQJH LQ SaUaPHWHUV RI LQWHUHVW aJaLQVW WKH QRLVH RI WKHLU RZQ YaULabLOLW\ aQd bacNJURXQd

HQYLURQPHQWaO YaULaWLRQ XQdHU dLIIHUHQW cRQdLWLRQV, ZKLcK caQ bH cULWLcaO WR KHOS seW realisWic
e[pecWaWions IRU WKH dHWHcWLRQ RI VLJQaOV RI HcRV\VWHP UHcRYHU\ aPRQJ MPA PaQaJHUV aQd

SaUWQHUV (PHUNLQV HW aO. 2021, BURZQ HW aO. 2023). VaOLdaWLQJ SURSRVHd MPAN VaPSOLQJ dHVLJQV

LQ WKLV Za\ KHOSV WR LdHQWLI\ VKRUWcRPLQJV aQd PaNH adjXsWmenWs SULRU WR PRdLI\LQJ H[LVWLQJ

PRQLWRULQJ SURJUaPV (LOR\d-JRQHV HW aO. 2022) RU HPbaUNLQJ RQ WKH LPSOHPHQWaWLRQ RI QHZ WLPH-

aQd UHVRXUcH-LQWHQVLYH PRQLWRULQJ SURJUaPV ZKLcK Pa\ QRW RWKHUZLVH \LHOd WKH dHVLUHd UHWXUQ

RQ LQYHVWPHQW (PHUNLQV HW aO. 2021). FRU H[aPSOH, aQ LQabLOLW\ WR LQcUHaVH VaPSOH VL]HV WR dHWHcW

cKaQJHV PRUH TXLcNO\ caQ bH RIIVHW b\ LQcRUSRUaWLQJ PRUH earl\ indicaWors aQWLcLSaWHd WR

UHVSRQd PRUH TXLcNO\ WR SURWHcWLRQ (WaONHU HW aO. 2012, KaXU HW aO. 2020, JacR aQd SWHHOH 2020),

RU b\ pooling daWa acURVV VSHcLHV RU VLWHV (CaVHOOH HW aO. 2015, CaVHOOH aQd CabUaO 2018)

AdapWing MoniWoring Designs Wo PracWical ConsWrainWs

RHVRXUcHV IRU PRQLWRULQJ aUH RIWHQ OLPLWHd, UHTXLULQJ SURJUaPV WR VcaOH PRQLWRULQJ WR aOLJQ ZLWK

aYaLOabOH ORJLVWLcaO, ILQaQcLaO, aQd SHUVRQQHO caSacLW\ IRU bRWK daWa cROOHcWLRQ aQd aQaO\VLV (GLOO HW

aO. 2017, MLORVaYLcK HW aO. 2019, BHQZa\ HW aO. 2019). A QXPbHU RI VWUaWHJLHV WR addUHVV WKHVH

cKaOOHQJHV b\ VcaOLQJ PRQLWRULQJ HIIRUWV LQ dLIIHUHQW Za\V KaYH HPHUJHd WKURXJK UHVHaUcK aQd

SURIHVVLRQaO SUacWLcH aQd aOORZ IRU WKH IOH[LbLOLW\ RI UaPSLQJ XS PRQLWRULQJ WR WaNH adYaQWaJH RI

SHULRdV ZKHQ UHVRXUcHV aUH PRUH abXQdaQW (CDFW aQd OPC 2018, PLcNaUd HW aO. 2019):

Ɣ IndicaWor prioriW\: TKHUH Pa\ bH a YaULHW\ RI LQdLcaWRUV ZKLcK KHOS WR aQVZHU a SaUWLcXOaU bLJ

TXHVWLRQ (H.J., VHa VXUIacH WHPSHUaWXUH aQd WHPSHUaWXUH aW dHSWK). TKH caUdV UaQN WKHVH LQ

WHUPV RI SULRULW\. Core indicaWors VKRXOd aOZa\V bH cROOHcWHd. Secondar\ LQdLcaWRUV VKRXOd

bH cROOHcWHd ZKHUH caSacLW\ aOORZV RU baVHd RQ ORcaO SULRULWLHV. CRPPLWPHQW WR cRQVLVWHQW

ORQJ-WHUP PRQLWRULQJ RI cRUH LQdLcaWRUV caQ bH VXSSOHPHQWHd b\ daWa IURP SHULRdLc

VKRUW-WHUP SURMHcWV (POLVQLHU HW aO. 2018).
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Ɣ Tiered moniWoring designs: TLHUV RI PRQLWRULQJ dLIIHU LQ WHUPV RI WKHLU caSacLW\

UHTXLUHPHQWV ZLWK ORZHU WLHUV bHLQJ VLPSOHU RU PRUH cRVW-HIIHcWLYH cKHaSHU VWUaWHJLHV aQd

KLJKHU WLHUV bHLQJ PRUH LQWHQVLYH aQd RIWHQ PRUH cRVWO\ LQ H[cKaQJH IRU SURdXcLQJ

KLJKHU-TXaOLW\ daWa (H.J., TKRPSVRQ HW aO. 2021). MRQLWRULQJ dHVLJQV Pa\ bH WLHUHd b\ type

or complexity of monitoring method (H.J., ILVKHU dHSHQdHQW YV. ILVKHU LQdHSHQdHQW VXUYH\V RI

caWcK), RU b\ tiers of monitoring sites cOaVVLILHd accRUdLQJ WR dLIIHUHQW OHYHOV RI SULRULW\ (CDFW

aQd OPC 2018).

Ɣ Sampling efforW: UHIHUV WR WKH IUHTXHQc\ RI VaPSOLQJ LQ VSacH aQd WLPH, ZKLcK caQ bH

VcaOHd XVLQJ PHWKRdV VXcK aV stratification (H.J., ZKHUH VaPSOLQJ VLWHV aUH cKRVHQ IURP

ZLWKLQ VXbJURXSV RI WKH RYHUaOO SRSXOaWLRQ WKaW KaYH VKaUHd cKaUacWHULVWLcV) RU WKH PRUH

VWaWLVWLcaOO\ ULJRURXV XVH RI altered inclusion probabilities LQ baOaQcHd VaPSOLQJ, URWaWLQJ

SaQHO dHVLJQV (H.J., ZKHUH VLWHV aUH UHYLVLWHd SHULRdLcaOO\ accRUdLQJ WR a VHW VcKHdXOH UaWKHU

WKaQ HYHU\ PRQWK RU \HaU) (PU]HVOaZVNL aQd FRVWHU 2020) aV ZHOO aV nested sampling

designs WKaW H[SOLcLWO\ cRQVLdHU YaULabLOLW\ LQ SURcHVVHV acURVV PXOWLSOH VSaWLaO VcaOHV (H.J., aW

ZLWKLQ-VLWH, VLWH, aQd QHWZRUN VcaOHV) ZKHUH VaPSOLQJ LV VWUXcWXUHd) (LaVLaN 2006,

HaUPHOLQ-VLYLHQ HW aO. 2008).

ImporWanWl\, Whe selecWion of daWa collecWion Wools, meWhods, and sWraWegies mXsW consider
alignmenW ZiWh local and IndigenoXs science meWhods and pracWices, parWicXlarl\ Zhen
Whese commXniWies Zill be parWners in moniWoring. MaQ\ daWa cROOHcWLRQ VWUaWHJLHV dHVLJQHd

IURP WKH VWaUWLQJ SRLQW RI a WHVWHUQ VcLHQcH ZRUOdYLHZ IaLO WR accRXQW IRU WKH Za\V RI NQRZLQJ,

KLVWRULcaO aQd cRQWHPSRUaU\ SUacWLcHV, aQd caSacLW\ OLPLWaWLRQV RI ORcaO cRPPXQLW\ PRQLWRULQJ

SaUWQHUV LQ Za\V WKaW XOWLPaWHO\ cRQVWUaLQ WKH RYHUaOO SURJUaP¶V abLOLW\ WR JaWKHU LQIRUPaWLRQ

UHOHYaQW WR dHcLVLRQ-PaNLQJ. IW LV SUHIHUabOH WR cR-dHYHORS daWa cROOHcWLRQ PHWKRdV WKaW VWaUW b\

XQdHUVWaQdLQJ KRZ cRPPXQLW\ PRQLWRULQJ SaUWQHUV aOUHad\ LQWHUacW ZLWK PaULQH aUHaV aQd

UHVRXUcHV aQd bXLOd daWa cROOHcWLRQ LQWR WKRVH H[LVWLQJ SUacWLcHV WR KHOS XSKROd cXOWXUaO

cRQWLQXLW\, LPSURYH WKH RYHUaOO HIILcLHQc\ RI daWa cROOHcWLRQ SURJUaPV, aQd LQcUHaVH WKH OLNHOLKRRd

WKaW WKH\ caQ bH VXVWaLQHd RYHU WLPH LQ VSLWH RI WXUQRYHU LQ WHcKQLcaO VWaII VWaII WXUQRYHU. TKHVH

daWa cROOHcWLRQ PHWKRdV VKRXOd LQcOXdH bRWK bacNZaUdV-ORRNLQJ (H.J., caSWXULQJ KLVWRULcaO

NQRZOHdJH WKURXJK LQWHUYLHZV, WUadLWLRQaO XVH VXUYH\V, RU µULdH-aORQJV¶ RI HOdHUV ZLWK GXaUdLaQ

VWaII IRU LQVLJKWV LQWR baVHOLQHV aQd WUHQdV RYHU WLPH IRU VSHcLILc LQdLcaWRUV aQd VLWHV) aQd

IRUZaUd-ORRNLQJ HOHPHQWV (H.J., caSWXULQJ QHZ NQRZOHdJH WKURXJK cXOWXUaOO\-aOLJQHd daWa

cROOHcWLRQ PHWKRdV aQd acWLYLWLHV WR XQdHUVWaQd cXUUHQW VWaWXV aQd WUHQdV). FRU H[aPSOH,

RSSRUWXQLVWLc daWa RQ WKH SUHVHQcH, abVHQcH, aQd cRQdLWLRQ RI NHOS aURXQd MPA VLWHV caQ bH
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XVHd WR JURXQd-WUXWK UHPRWH VHQVLQJ RbVHUYaWLRQV, ZKLOH daWa RQ WKH VL]H RI ILVK cROOHcWHd b\

cRPPXQLW\ PHPbHUV LQ WKH cRXUVH RI URXWLQH ILVKLQJ acWLYLWLHV aURXQd WKH bRXQdaULHV RI MPAV

caQ bH XVHd WR VXSSOHPHQW VL]H daWa cROOHcWHd b\ VWHZaUdVKLS WHcKQLcaO VWaII XVLQJ VWUXcWXUHd

dLYH VXUYH\V RU baLWHd XQdHUZaWHU YLdHR VWaWLRQV.

2.6.4 SWandardi]aWion and CoordinaWion of MoniWoring

RHJLRQaO MPAN PRQLWRULQJ SURJUaPV WKaW LQYROYH WKH cROOHcWLRQ RI PaQ\ W\SHV RI daWa b\ PaQ\

dLIIHUHQW SaUWQHU RUJaQL]aWLRQV, VWaQdaUdL]aWLRQ, cRRUdLQaWLRQ, cROOabRUaWLRQ, aQd LQWHJUaWLRQ aUH

HVVHQWLaO IRU HQVXULQJ WKaW PRQLWRULQJ daWa LV cROOaWHd, V\QWKHVL]Hd, aQd WUaQVOaWHd LQWR IRUPV

WKaW aUH UHOHYaQW aQd XVabOH IRU HYLdHQcH-baVHd dHcLVLRQ-PaNLQJ (LHPRV HW aO. 2012, PHOOHWLHU HW

aO. 2020).

SWandardi]aWion moniWoring proWocols aUH cUXcLaO WR LPSURYH daWa LQWHURSHUabLOLW\ aQd IacLOLWaWH

PRQLWRULQJ cRRUdLQaWLRQ aV ZHOO aV daWa aJJUHJaWLRQ acURVV VLWHV ZLWKLQ WKH QHWZRUN, ZKLcK ZLOO

bH QHHdHd WR XQdHUVWaQd WKH HIIHcWLYHQHVV RI WKH QHWZRUN aV a ZKROH (BXcN HW aO. 2019). MaQ\

MPAV aQd MPANV KaYH LVVXHd VWaQdaUd PRQLWRULQJ aQd HYaOXaWLRQ SURWRcROV WR PHHW WKLV QHHd

(H.J., IRU AXVWUaOLa LQ PU]HVOaZVNL HW aO. 2019, aQd NHZ ZHaOaQd LQ NHZ ZHaOaQd GRYHUQPHQW

2022), ZKLOH addLWLRQaO bHVW SUacWLcHV IRU VWaQdaUdL]aWLRQ aUH aOVR bHLQJ dHYHORSHd IRU HPHUJLQJ

PRQLWRULQJ WHcKQRORJLHV (H.J., HDNA LQ SKHa HW aO. 2023 aQd XQdHUZaWHU YLdHR PRQLWRULQJ LQ

PHOOHWLHU HW aO. 2021) aQd PaULQH daWa PaQaJHPHQW ZRUNIORZV (H.J., BXcN HW aO. 2019, NHaQJ HW

aO. 2020, TKRPHU HW aO. 2020). TKHVH UHVRXUcHV SURYLdH KHOSIXO JXLdaQcH IRU RWKHUV VHHNLQJ WR

dHYHORS VWaQdaUd SURWRcROV RI WKHLU RZQ. HRZHYHU, VWaQdaUdL]aWLRQ RI aOO IRUPV RI daWa cROOHcWLRQ

Pa\ QRW aOZa\V bH IHaVLbOH RU aSSURSULaWH. IQVLJKWV IURP dLVWULbXWHd cRPPXQLW\ PRQLWRULQJ

QHWZRUNV LQ RWKHU cRQWH[WV VXJJHVW WKaW a cRPbLQaWLRQ RI sWandardi]ed core (common)
indicaWors and meWhods XVHd acURVV WKH UHJLRQ RI LQWHUHVW cRXSOHd ZLWK addLWLRQaO LQdLcaWRUV

WKaW aUH PHaQLQJIXO LQ a ORcaO cRQWH[W caQ addUHVV JaSV LQ NQRZOHdJH aQd PHHW WKH QHHdV RI

WKRVH HQJaJHd LQ VLWH- aQd UHJLRQaO-VcaOH PaQaJHPHQW aQd dHcLVLRQ-PaNLQJ (PaUOHH HW aO.

2021). IQ caVHV ZKHUH VWaQdaUdL]aWLRQ RI PHWKRdV LV QRW SUacWLcaO, LW LV aOVR SRVVLbOH WR

LPSOHPHQW VWaQdaUdL]aWLRQ aW WKH daWa aQaO\VLV VWaJH IRU PHWKRdV WKaW KaYH dLIIHUHQW bLaVHV aQd

WUadHRIIV, IRU H[aPSOH, b\ aSSO\LQJ cRUUHcWLRQ IacWRUV (H.J., IRU NQRZQ dLIIHUHQcHV LQ VHOHcWLYLW\

aQd dHWHcWLRQ SURbabLOLWLHV) ZKHQ aJJUHJaWLQJ daWa (FULd HW aO. 2021).

OQcH VWaQdaUdL]Hd PHWKRdV aUH HVWabOLVKHd, cORVH coordinaWion aPRQJ SaUWQHU RUJaQL]aWLRQV

LQYROYHd LQ PRQLWRULQJ. CRRUdLQaWLRQ LV QHcHVVaU\ aW PXOWLSOH WLHUV RI WKH VcLHQcH WR PaQaJHPHQW
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cRQWLQXXP WR HQVXUH WKaW (1) PRQLWRULQJ acWLYLWLHV aUH RccXUULQJ HIILcLHQWO\ LQ WLPH aQd VSacH, (2)

WKaW WKH ULJKW VWUHaPV RI daWa aUH LQWHJUaWHd WR aQVZHU VSHcLILc PRQLWRULQJ aQd PaQaJHPHQW

TXHVWLRQV, aQd (3) aQd WKaW WKH UHVXOWLQJ LQIRUPaWLRQ aQd NQRZOHdJH SURdXcWV UHacK WKH ULJKW

WabOHV WR LQIRUP dHcLVLRQ-PaNLQJ (FigXre 28).

FigXre 28: A IUaPHZRUN IRU NQRZOHdJH LQWHJUaWLRQ acURVV WKH VcLHQcH WR PaQaJHPHQW cRQWLQXXP ZLWK

H[aPSOHV IURP WKH cRQWH[W RI MPAN PRQLWRULQJ aQd PaQaJHPHQW. AcWLYLWLHV ZLWKLQ HacK OHYHO RI

NQRZOHdJH SURdXcWLRQ cRQWULbXWH WR KLJKHU OHYHOV RI NQRZOHdJH V\QWKHVLV aQd dHcLVLRQ-PaNLQJ, aQd WKH

TXaOLW\ RI bRWK WKLV LQIRUPaWLRQ aQd WKH UHVXOWLQJ PaQaJHPHQW dHcLVLRQV aQd RXWcRPHV aUH LPSURYHd b\

VWURQJ KRUL]RQWaO aQd YHUWLcaO LQWHJUaWLRQ ZLWKLQ aQd acURVV OHYHOV aQd W\SHV RI NQRZOHdJH SURdXcWLRQ. TKLV

IUaPHZRUN RSHUaWHV ZLWKLQ aQd LV LQH[WULcabOH IURP WKH VRcLaO IabULc RI SHRSOH, UHOaWLRQVKLSV, LQIRUPaWLRQ

VKaULQJ SURcHVVHV, aQd JRYHUQaQcH d\QaPLcV XQLTXH WR HacK MPAN cRQWH[W. IPSRUWaQWO\, ORcaO aQd

IQdLJHQRXV NQRZOHdJH VKRXOd bH LQWULQVLcaOO\ HPbHddHd ZLWKLQ HacK VWHS RI WKLV IUaPHZRUN UaWKHU WKaQ

WUHaWHd aV LWV RZQ VLORHd HOHPHQW. AdaSWHd IURP Edd\ HW aO. 2014.
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CoordinaWion of moniWoring acWiYiWies bHJLQV b\ bXLOdLQJ SaUWQHUVKLSV ZLWK RWKHU

RUJaQL]aWLRQV, VHcWRUV, RU cRPPXQLWLHV HQJaJHd RU SOaQQLQJ WR HQJaJH LQ cRPSOHPHQWaU\

PRQLWRULQJ acWLYLWLHV WR bXLOd WUXVW aQd XQdHUVWaQdLQJ RI cRPPRQ PRQLWRULQJ aQd PaQaJHPHQW

RbMHcWLYHV (CaUU HW aO. 2011, RHad aQd WHVW 2014). CRRUdLQaWLRQ RI PRQLWRULQJ acWLYLWLHV

WKHPVHOYHV LQYROYHV a cROOabRUaWLYH cURVVZaON acURVV PRQLWRULQJ dHVLJQV aQd PHWKRdV IRU HacK

LQdLcaWRU RU SaUaPHWHU RI LQWHUHVW acURVV HacK PRQLWRULQJ SURJUaP WR XQdHUVWaQd RYHUOaSV LQ

IRcaO LQdLcaWRU, WHcKQRORJ\, SOaWIRUP, WLPH, aQd VSacH. TKH LQWHQW LV WR ILQd RSSRUWXQLWLHV WR aOLJQ

PRQLWRULQJ SURWRcROV aQd dHVLJQV aQd Pa[LPL]H VaPSOLQJ HIILcLHQc\ b\ cR-ORcaWLQJ PRQLWRULQJ

IRU dLIIHUHQW LQdLcaWRUV aQd SaUaPHWHUV LQ WLPH aQd VSacH WR UHdXcH RYHUaOO HIIRUW aQd cROOHcW

V\QcKURQL]Hd daWa WKaW IacLOLWaWHV WKH cRQWH[WXaO aQaO\VLV RI UHOaWLRQVKLSV bHWZHHQ LQdLcaWRUV

(DaQRYaUR HW aO. 2017, EKUPaQ HW aO. 2022).

FRU coordinaWion of daWa inWegraWion, anal\sis, and reporWing, PaQaJHUV aUH adYLVHd WR ZRUN

bacNZaUdV WR map Whe paWh of informaWion floZ UHTXLUHd IURP each PaQaJHPHQW dHcLVLRQ aQd

UHOaWHd PRQLWRULQJ TXHVWLRQ RI LQWHUHVW WR dHWHUPLQH ZKaW W\SHV RI aQaO\VHV PXVW bH caUULHd RXW,

ZKaW W\SHV RI daWa aUH QHHdHd aQd ZKHQ WR VHUYH aV WLPHO\ LQSXWV WR WKRVH aQaO\VHV, aQd ZKLcK

RUJaQL]aWLRQV, SURJUaPV, aQd LQdLYLdXaOV aQd UHVSRQVLbOH IRU cROOHcWLQJ, cROOaWLQJ, aQd LQWHJUaWLQJ

WKRVH daWa bRWK KRUL]RQWaOO\ aQd YHUWLcaOO\ WR VXSSRUW aQaO\VLV. IPSRUWaQWO\, VPRRWK LQIRUPaWLRQ

IORZ aORQJ WKLV SaWKZa\ LV cRQWLQJHQW RQ WKH bURadHU VRcLR-HcRORJLcaO cRQWH[W LQ ZKLcK WKH\ aUH

HPbHddHd, LQcOXdLQJ WKH LQdLYLdXaO aQd RUJaQL]aWLRQaO UHOaWLRQVKLSV, WUXVW, bHKaYLRXUV,

SURcHVVHV, SROLWLcV, aQd YaOXHV WKaW LQIOXHQcH aQd HQabOH LQIRUPaWLRQ IORZV aQd LQWHJUaWLRQ

acURVV WKHVH acWLYLWLHV. CXOWLYaWLRQ RI WKHVH enabling facWors caQ bH a OHQJWK\ SURcHVV, bXW

IaLOXUH WR dR VR caQ OHad WR bUHaNdRZQ RI LQIRUPaWLRQ IORZ WKaW KLQdHUV HYLdHQcH-baVHd

dHcLVLRQ-PaNLQJ.

2.7 DaWa ManagemenW

DaWa PaQaJHPHQW IRU PaULQH SURWHcWHd aUHa QHWZRUNV HQWaLOV VHYHUaO cRUH cRPSRQHQWV WKaW

cROOHcWLYHO\ LQIOXHQcH KRZ daWa LV cROOHcWHd, RUJaQL]Hd, XVHd, VKaUHd aQd PaLQWaLQHd RYHU WLPH,

ZKLOH aOVR HQVXULQJ adKHUHQcH WR OHJaO UHTXLUHPHQWV aQd bHVW SUacWLcHV IRU daWa SULYac\ aQd

cRQILdHQWLaOLW\. IQ JHQHUaO, LW LV UHcRPPHQdHd WKaW PaULQH SURWHcWHd aUHa aXWKRULWLHV adKHUH WR

FAIR daWa VWaQdaUdV b\ HQVXULQJ WKaW daWa LV ILQdabOH, accHVVLbOH, LQWHURSHUabOH, aQd UHXVabOH

(CScLȖ IX aP. 2021; ScKRHQLQJ HW aO. 2022). HRZHYHU, ZKHQ ZRUNLQJ ZLWK FLUVW NaWLRQV, LW LV aOVR
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LPSRUWaQW WR bH aWWHQWLYH WR SULQcLSOHV RI FLUVW NaWLRQV daWa VRYHUHLJQW\ b\ addUHVVLQJ LVVXHV

cRQcHUQLQJ RZQHUVKLS, cRQWURO, accHVV, aQd SRVVHVVLRQ RI daWa. FRU H[aPSOH, WKH aQaO\VLV aQd

UHSUHVHQWaWLRQ RI daWa cROOHcWHd b\ RU abRXW IQdLJHQRXV cRPPXQLWLHV Pa\ UHTXLUH aJJUHJaWLRQ RI

ILQHU-VcaOH VaPSOLQJ daWa aW cRaUVHU VcaOHV WR SURWHcW WKH ORcaWLRQV RI VHQVLWLYH VLWHV WKaW ZRXOd

bH UHYHaOHd aW VPaOOHU VcaOHV, aQd addLWLRQaO HIIRUW WR UHcRQcLOH UHVcaOHd daWa ZLWK RWKHU UHOHYaQW

daWaVHWV WR PaLQWaLQ a IaLU UHSUHVHQWaWLRQ RI WKH daWa baVHd RQ PRQLWRULQJ HIIRUW (H.J., FULd HW aO.

2021).

FAIR daWa VWaQdaUdV aUH a VHW RI SULQcLSOHV IRU SURPRWLQJ WUaQVSaUHQc\ aQd XVH RI daWa b\

HQVXULQJ WKaW daWa LV ILQdabOH, accHVVLbOH, LQWHURSHUabOH, aQd UHXVabOH. TKHVH SULQcLSOHV ZHUH

dHYHORSHd LQ UHVSRQVH WR WKH LQcUHaVLQJ aPRXQW RI daWa bHLQJ JHQHUaWHd LQ VcLHQWLILc UHVHaUcK,

aQd WKH QHHd IRU bHWWHU Za\V WR PaQaJH aQd VKaUH WKaW daWa. TKH FAIR daWa SULQcLSOHV aUH

dHVLJQHd WR SURPRWH daWa VKaULQJ, cROOabRUaWLRQ, aQd UHSURdXcLbLOLW\ LQ VcLHQWLILc UHVHaUcK. B\

PaNLQJ daWa PRUH ILQdabOH, accHVVLbOH, LQWHURSHUabOH, aQd UHXVabOH, UHVHaUcKHUV caQ PRUH

HaVLO\ bXLOd RQ HacK RWKHU'V ZRUN, OHadLQJ WR IaVWHU SURJUHVV aQd PRUH LPSacWIXO dLVcRYHULHV.

DHILQLWLRQV aQd KLJK-OHYHO JXLdaQcH IRU WKH IRXU SULQcLSOHV RI FAIR daWa aUH RXWOLQHd bHORZ.

Ɣ Findable: DaWa VKRXOd bH HaV\ WR ILQd IRU bRWK KXPaQV aQd PacKLQHV, ZLWK cOHaU aQd

accXUaWH PHWadaWa WKaW LQcOXdHV LQIRUPaWLRQ abRXW WKH daWa'V VRXUcH, LWV cUHaWRUV, aQd

WKH Za\V LW LV LQWHQdHd WR bH XVHd

ż F1. (MHWa)daWa aUH aVVLJQHd a JORbaOO\ XQLTXH aQd SHUVLVWHQW LdHQWLILHU

ż F2. DaWa aUH dHVcULbHd ZLWK ULcK PHWadaWa (dHILQHd b\ R1 bHORZ)

ż F3. MHWadaWa cOHaUO\ aQd H[SOLcLWO\ LQcOXdH WKH LdHQWLILHU RI WKH daWa WKH\ dHVcULbH

ż F4. (MHWa)daWa aUH UHJLVWHUHd RU LQdH[Hd LQ a VHaUcKabOH UHVRXUcH

Ɣ Accessible: DaWa VKRXOd bH accHVVLbOH, ZLWK cOHaU aQd cRQVLVWHQW OLcHQVLQJ aQd XVaJH

ULJKWV WKaW aOORZ IRU UHXVH aQd UHdLVWULbXWLRQ.

ż A1. (MHWa)daWa aUH UHWULHYabOH b\ WKHLU LdHQWLILHU XVLQJ a VWaQdaUdLVHd

cRPPXQLcaWLRQV SURWRcRO

Ŷ A1.1 TKH SURWRcRO LV RSHQ, IUHH, aQd XQLYHUVaOO\ LPSOHPHQWabOH

Ŷ A1.2 TKH SURWRcRO aOORZV IRU aQ aXWKHQWLcaWLRQ aQd aXWKRULVaWLRQ

SURcHdXUH, ZKHUH QHcHVVaU\

ż A2. MHWadaWa aUH accHVVLbOH, HYHQ ZKHQ WKH daWa aUH QR ORQJHU aYaLOabOH

Ɣ InWeroperable: DaWa VKRXOd bH LQWHURSHUabOH RU PRUH JHQHUaOO\ LW VKRXOd bH VWUXcWXUHd

aQd IRUPaWWHd LQ a Za\ WKaW aOORZV IRU HaV\ LQWHJUaWLRQ ZLWK RWKHU daWa VRXUcHV aQd

aQaO\VLV WRROV.
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ż I1. (MHWa)daWa XVH a IRUPaO, accHVVLbOH, VKaUHd, aQd bURadO\ aSSOLcabOH OaQJXaJH

IRU NQRZOHdJH UHSUHVHQWaWLRQ.

ż I2. (MHWa)daWa XVH YRcabXOaULHV WKaW IROORZ FAIR SULQcLSOHV

ż I3. (MHWa)daWa LQcOXdH TXaOLILHd UHIHUHQcHV WR RWKHU (PHWa)daWa

Ɣ ReXsable: DaWa VKRXOd bH UHXVabOH, PHaQLQJ LW VKRXOd bH ZHOO-dRcXPHQWHd aQd

SUHVHUYHd RYHU WLPH, aQd PadH aYaLOabOH LQ a Za\ WKaW aOORZV IRU LWV UHXVH b\ RWKHUV.

ż R1. (MHWa)daWa aUH ULcKO\ dHVcULbHd ZLWK a SOXUaOLW\ RI accXUaWH aQd UHOHYaQW

aWWULbXWHV

Ŷ R1.1. (MHWa)daWa aUH UHOHaVHd ZLWK a cOHaU aQd accHVVLbOH daWa XVaJH

OLcHQVH

Ŷ R1.2. (MHWa)daWa aUH aVVRcLaWHd ZLWK dHWaLOHd SURYHQaQcH

Ŷ R1.3. (MHWa)daWa PHHW dRPaLQ-UHOHYaQW cRPPXQLW\ VWaQdaUdV

IW LV LPSRUWaQW WR cRQVLdHU IQdLJHQRXV ULJKWV aQd IQdLJHQRXV OHadHUVKLS RQ KRZ daWa aQd

LQIRUPaWLRQ aUH PaQaJHd. TKH FLUVW NaWLRQV IQIRUPaWLRQ GRYHUQaQcH CHQWUH (FNIGC), ZKLcK

ZaV ILUVW HVWabOLVKHd LQ 1998 aQd UHJLVWHUHd aV a QRQ-SURILW LQ 2010, WR UHVSRQd WR JaSV LQ

CaQadLaQ OaZV, SROLcLHV aQd VRcLHW\ UHJaUdLQJ WKH ULJKWV RI IQdLJHQRXV cRPPXQLWLHV WR

LQIRUPaWLRQ abRXW WKHPVHOYHV aQd WKH OaQdV aQd UHVRXUcHV IRU ZKLcK WKH\ aUH VWHZaUdV. IQ WKH

SaVW, FLUVW NaWLRQV ZHUH UaUHO\ cRQVXOWHd b\ H[WHUQaO UHVHaUcKHUV IURP XQLYHUVLWLHV aQd

JRYHUQPHQW aJHQcLHV UHJaUdLQJ WKH SXUSRVH aQd dHVLJQ RI UHVHaUcK, WKH W\SHV RI TXHVWLRQ WKH\

ZRXOd aVN aQd WKHLU aOLJQPHQW ZLWK WKH LQWHUHVWV, QHHdV aQd YaOXHV RI FLUVW NaWLRQV, aQd KRZ

WKH\ cRXOd accHVV aQd XVH WKLV LQIRUPaWLRQ IRU WKHLU RZQ SXUSRVHV. AV a UHVXOW RYHU WLPH FNIGC

dHYHORSHd a VHW RI SULQcLSOHV, NQRZQ aV OCAP�, WKaW SURYLdH JXLdaQcH ZLWK UHVSHcW WR

RZQHUVKLS, cRQWURO, accHVV aQd SRVVHVVLRQ RI daWa WKaW KHOS WR HQVXUH WKaW LQIRUPaWLRQ LV XVHd

aQd VKaUHd LQ Za\V WKaW Pa[LPL]HV bHQHILWV WR a cRPPXQLW\, ZKLOH PLQLPL]LQJ KaUP. TKH

OCAP� SULQcLSOHV aV RXWOLQHd b\ WKH FNIGC aUH RXWOLQHd aV IROORZV:

Ɣ OZQHUVKLS UHIHUV WR WKH UHOaWLRQVKLS RI FLUVW NaWLRQV WR WKHLU cXOWXUaO NQRZOHdJH, daWa,

aQd LQIRUPaWLRQ. TKLV SULQcLSOH VWaWHV WKaW a cRPPXQLW\ RU JURXS RZQV LQIRUPaWLRQ

cROOHcWLYHO\ LQ WKH VaPH Za\ WKaW aQ LQdLYLdXaO RZQV KLV RU KHU SHUVRQaO LQIRUPaWLRQ

(FNIGC 2023)

Ɣ CRQWURO aIILUPV WKaW FLUVW NaWLRQV, WKHLU cRPPXQLWLHV, aQd UHSUHVHQWaWLYH bRdLHV aUH

ZLWKLQ WKHLU ULJKWV WR VHHN cRQWURO RYHU aOO aVSHcWV RI UHVHaUcK aQd LQIRUPaWLRQ

PaQaJHPHQW SURcHVVHV WKaW LPSacW WKHP. FLUVW NaWLRQV cRQWURO RI UHVHaUcK caQ LQcOXdH

aOO VWaJHV RI a SaUWLcXOaU UHVHaUcK SURMHcW-IURP VWaUW WR ILQLVK. TKH SULQcLSOH H[WHQdV WR WKH
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cRQWURO RI UHVRXUcHV aQd UHYLHZ SURcHVVHV, WKH SOaQQLQJ SURcHVV, PaQaJHPHQW RI WKH

LQIRUPaWLRQ aQd VR RQ (FNIGC 2023)

Ɣ AccHVV UHIHUV WR WKH IacW WKaW FLUVW NaWLRQV PXVW KaYH accHVV WR LQIRUPaWLRQ aQd daWa

abRXW WKHPVHOYHV aQd WKHLU cRPPXQLWLHV UHJaUdOHVV RI ZKHUH LW LV KHOd. TKH SULQcLSOH RI

accHVV aOVR UHIHUV WR WKH ULJKW RI FLUVW NaWLRQV¶ cRPPXQLWLHV aQd RUJaQL]aWLRQV WR

PaQaJH aQd PaNH dHcLVLRQV UHJaUdLQJ accHVV WR WKHLU cROOHcWLYH LQIRUPaWLRQ. TKLV Pa\

bH acKLHYHd, LQ SUacWLcH, WKURXJK VWaQdaUdL]Hd, IRUPaO SURWRcROV (FNIGC 2023)

Ɣ PRVVHVVLRQ WKLOH RZQHUVKLS LdHQWLILHV WKH UHOaWLRQVKLS bHWZHHQ a SHRSOH aQd WKHLU

LQIRUPaWLRQ LQ SULQcLSOH, SRVVHVVLRQ RU VWHZaUdVKLS LV PRUH cRQcUHWH: LW UHIHUV WR WKH

SK\VLcaO cRQWURO RI daWa. PRVVHVVLRQ LV WKH PHcKaQLVP b\ ZKLcK RZQHUVKLS caQ bH

aVVHUWHd aQd SURWHcWHd (FNIGC 2023)

IQ SUacWLcH, daWa PaQaJHPHQW LQYROYHV VWaQdaUdL]Hd SURcHVVHV, dHdLcaWHd UROHV, aQd

dRcXPHQWHd ZRUNIORZV WR HQVXUH WKaW UaZ daWa cROOHcWHd WKURXJK PRQLWRULQJ SURJUaPV LV

LWHUaWLYHO\ aQd VXccHVVIXOO\ WUaQVOaWHd LQWR daWa SURdXcWV WKaW aUH cHQWUaOL]Hd, accHVVLbOH, aQd

UHOHYaQW WR HQd XVHUV (FigXre 29, BXcN HW aO. 2019).

FRU H[aPSOH, LQ WKH UK daWa PaQaJHPHQW aQd JXLdaQcH IRU WKH MaULQH SWUaWHJ\ aQd RWKHU

PaULQH UHOaWHd cRPPLWPHQWV LV adPLQLVWHUHd b\ WKH MaULQH EQYLURQPHQWaO DaWa aQd IQIRUPaWLRQ

NHWZRUN (MEDIN). MEDIN ZaV LQLWLaOO\ HVWabOLVKHd LQ 2008 XVLQJ aQ RSHQ SaUWQHUVKLS PRdHO

ZLWK WKH aLP RI HQVXULQJ adKHUHQcH WR bHVW SUacWLcHV IRU cROOHcWLRQ, aQaO\VLV, PaQaJHPHQW,

UHSRUWLQJ aQd VKaULQJ RI daWa (JROO\ HW aO. 2021) aQd WR daWH LQcOXdHV LQIRUPaWLRQ RQ RYHU 17,000

PaULQH daWaVHWV. MEDIN SURYLdHV WaLORUHd JXLdHOLQHV IRU daWa WKaW VKRXOd bH cROOHcWHd acURVV 40

dLIIHUHQW W\SHV RI daWa UHOaWHd WR PaULQH baWK\PHWU\, SK\VLcaO RcHaQRJUaSK\, PaULQH JHRORJ\,

KXPaQ LPSacWV, PaULQH cKHPLVWU\, PaULQH aUcKaHRORJ\ aQd PaULQH bLRdLYHUVLW\ WR HQVXUH WKaW

adKHUH WR UHOHYaQW VWaQdaUdV aQd WKaW WKH\ caQ bH XVHd LQ WKH IXWXUH. IPSRUWaQWO\ MEDIN KaV

VHUYHd aQ LPSRUWaQW UROH ZLWK UHVSHcW WR UHSRUWLQJ IRU WKH UK MaULQH MRQLWRULQJ aQd AVVHVVPHQW

SWUaWHJ\ (UKMMAS) b\ HQabOLQJ WKH XVH RI H[LVWLQJ daWa aQd daWa cROOHcWLRQ SURJUaPV ZKHUHYHU

SRVVLbOH WR HVWabOLVK baVHOLQHV aQd UHaOL]H HIILcLHQcLHV.
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FigXre 29: RROHV aQd SURcHVVHV LQYROYHd LQ WKH daWa OLIH c\cOH aVVRcLaWHd ZLWK aQ\ PRQLWRULQJ aQd

HYaOXaWLRQ SURJUaP (RHSURdXcHd IURP BXcN HW aO. 2019).

2.8 Anal\ses and EYalXaWion

Common Anal\Wical Tools and Models for MPAN EYalXaWion

TKH WUaQVOaWLRQ RI PRQLWRULQJ daWa WR LQdLcaWRU VWaWXV aQd WUHQdV IRU WKH SXUSRVH RI HYaOXaWLRQ

Pa\ bH VLPSOH, XVLQJ aJJUHJaWLRQ WKURXJK sXmmar\ sWaWisWics, h\poWhesis WesWing,

correlaWion, aQd Wime-series Wrend anal\sis RU PRUH cRPSOH[, ZKHUH PRQLWRULQJ daWa aUH XVHd

aV inpXWs Wo models WKaW JHQHUaWH SUHdLcWLRQV RI WKH HPHUJHQW SURSHUWLHV RI MPANV aQd

SRWHQWLaOO\ SURMHcW WKHP IRUZaUd WKURXJK WLPH WR JHQHUaWH WHVWabOH K\SRWKHVHV (PHOOHWLHU HW aO.

2008, AddLVRQ HW aO. 2018). MaQ\ RI WKHVH WRROV aUH WKH VaPH RQHV XVHd LQ MPAN SOaQQLQJ, bXW

aUH XSdaWHd ZLWK QHZ daWa cROOHcWHd IROORZLQJ MPA HVWabOLVKPHQW LQ aQ LWHUaWLYH c\cOH ZKHUH

QHZ HPSLULcaO PRQLWRULQJ daWa caQ aOVR KHOS WR cRQWLQXaOO\ YalidaWe aQd adMXVW PRdHOV WR

LPSURYH WKHLU SHUIRUPaQcH (PHOOHWLHU HW aO. 2008).
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TKH LQWHJUaWLRQ RI daWa ZLWK a bURad WRRObR[ RI VWaWLVWLcaO aQd d\QaPLc PRdHOV LV SaUWLcXOaUO\

LPSRUWaQW IRU WKH HYaOXaWLRQ RI MPAN SURcHVVHV aQd RXWcRPHV aW VSaWLaO aQd WHPSRUaO VcaOHV

aQd UHVROXWLRQV ZKLcK ZRXOd bH dLIILcXOW WR acKLHYH dLUHcWO\ WKURXJK PRQLWRULQJ aORQH (PHOOHWLHU HW

aO. 2008, AddLVRQ HW aO. 2018). FRU H[aPSOH, ORQJ-WHUP PRQLWRULQJ daWa RQ MXYHQLOH UHcUXLWPHQW

caQ bH XVHd aV LQSXWV WR habiWaW and popXlaWion connecWiYiW\ models WR aVVHVV KRZ

cRQQHcWLYLW\ Pa\ bH cKaQJLQJ RYHU WLPH LQ UHVSRQVH WR SURWHcWLRQ aQd RWKHU IacWRUV OLNH cOLPaWH

cKaQJH (CaUU HW aO. 2017, CDFW aQd OPC 2018). SLPLOaUO\, PRQLWRULQJ daWa RQ HQYLURQPHQWaO

cRQdLWLRQV aQd adXOW VSHcLHV dLVWULbXWLRQV aUH RIWHQ XVHd WR dHYHORS species disWribXWion
models WKaW caQ bH XVHd WR WUacN cKaQJLQJ KabLWaW VXLWabLOLW\ acURVV MPANV aW PXOWLSOH VSaWLaO

aQd WHPSRUaO VcaOHV WR HYaOXaWH VSHcLHV UHSUHVHQWaWLRQ (FULHVHQ HW aO. 2021). AV QRWHd HaUOLHU LQ

WKLV UHSRUW, URbXVW PRQLWRULQJ aQd VaPSOLQJ dHVLJQV caQ aOVR VXSSRUW aQaO\VHV WR disWingXish
Whe caXsal mechanisms of change LQ RQH RU PRUH LQdLcaWRUV aQd LdHQWLI\ WKHRUHWLcaO UHIHUHQcH

SRLQWV baVHd RQ caXVaO UHOaWLRQVKLSV (PHOOHWLHU HW aO. 2008, AddLVRQ HW aO. 2020, FULd HW aO. 2021).

B\ WKHLU YHU\ QaWXUH, WKH HYaOXaWLRQ RI MPANV aOVR UHTXLUHV aQaO\VLV aQd UHSRUWLQJ aW PXOWLSOH

VcaOHV WR aVVHVV ZheWher Whe Zhole is greaWer Whan Whe sXm of iWs parWs. TKLV aSSURacK

VHHNV WR WHVW WKH K\SRWKHVLV WKaW WKH PaJQLWXdH RU HIIHcW VL]H RI NH\ RbMHcWLYHV aQd UHVSRQVH

LQdLcaWRUV (H.J., JUHaWHU bLRPaVV RI IRcaO VSHcLHV LQVLdH WKaQ RXWVLdH RI MPAV) aW WKH VcaOH RI WKH

QHWZRUN (L.H., bLRPaVV bRWK LQVLdH aQd RXWVLdH MPAV) LV JUHaWHU WKaQ WKH VXP RI PaJQLWXdHV RI

cKaQJH RccXUULQJ LQ LQdLYLdXaO MPAV (GURUXd-CROYHUW HW aO. 2014).

HLVWRULcaOO\, WKH aVVHVVPHQW RI daWa IRU dLIIHUHQW dLPHQVLRQV RI UHSRUWLQJ (H.J., HQYLURQPHQWaO,

HcRORJLcaO, VRcLaO, aQd JRYHUQaQcH) KaYH RccXUUHd LQ VLORV, RU KaYH IRcXVHd SULPaULO\ RQ

cRPSaULQJ HPSLULcaO daWa RQ HcRORJLcaO RXWcRPHV WR cRPPXQLW\ SHUcHSWLRQV RI WKRVH RXWcRPHV

WR ORRN IRU dLYHUJHQcH (H.J., RLcKWHU HW aO. 2022). HRZHYHU, WKHUH aUH LQcUHaVLQJ caOOV IRU IXOO\

inWegraWed assessmenW of holisWic socio-ecological s\sWems WKaW XVH PRQLWRULQJ LQIRUPaWLRQ

aV LQSXWV WR end-Wo-end models VXcK aV EcRSaWK, AWOaQWLV, RU POSEIDON WKaW H[SOLcLWO\ PRdHO

UHOaWLRQVKLSV bHWZHHQ LQdLcaWRUV, aVVHVV WKH RXWcRPHV RI cXUUHQW PaQaJHPHQW, aQd HYaOXaWH

IXWXUH PaQaJHPHQW VcHQaULRV (AddLVRQ HW aO. 2018, TaP HW aO. 2019). FRU H[aPSOH, baVHOLQH aQd

RQJRLQJ PRQLWRULQJ daWa RQ KXPaQ XVH LQ aQd aURXQd MPAV caQ bH XVHd WR caOLbUaWH PRdHOV RI

VRcLaO bHKaYLRXU aPRQJ ILVKHUV LQ UHVSRQVH WR dLIIHUHQW MPA VL]H, aUHa, RU ]RQLQJ cRQILJXUaWLRQV

aV SaUW RI WKH POSEIDON HQd-WR-HQd PRdHO (BaLOH\ HW aO. 2018, BXUJHVV HW aO. 2020). BH\RQd

adMXVWPHQWV WR VaPSOLQJ dHVLJQ, WKH XVH RI mXlWimodel ensembles aQd model aYeraging WR

aQVZHU PRQLWRULQJ TXHVWLRQV caQ aOVR KHOS WR UHdXcH XQcHUWaLQW\ b\ baOaQcLQJ VRXUcHV RI bLaV

acURVV dLIIHUHQW W\SHV RI PRdHOV (AddLVRQ HW aO. 2018).
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DaWa InWegraWion and AggregaWion ConsideraWions

IQ WKH cRQWH[W RI MPANV, WKHUH ZLOO aOVR bH a QHHd IRU dLIIHUHQW W\SHV RI daWa combinaWion,
inWegraWion, aggregaWion, and rollXp WR PaNH LQIHUHQcHV XVLQJ PXOWLSOH VRXUcHV RI HYLdHQcH

abRXW HIIHcWLYHQHVV acURVV PXOWLSOH dLPHQVLRQV, LQdLcaWRUV, VLWHV, aQd VSaWLR-WHPSRUaO VcaOHV RI

aQ MPAN aQd faciliWaWe WransparenW and comprehensible reporWing WR cRPPXQLWLHV, SaUWQHUV,

aQd SROLc\-PaNHUV (BaUQaUd aQd SWURQJ 2014, TKLaXOW HW aO. 2019).

HRZHYHU, LQWHJUaWLRQ caQ bH cKaOOHQJLQJ ZKHQ UHJLRQaO-VcaOH PRQLWRULQJ SURJUaPV LQcOXdH daWa

cROOHcWLRQ RYHU PXOWLSOH VcaOHV, dHJUHHV RI cRQWLQXLW\, aQd daWa cROOHcWLRQ PHWKRdV. TKLV LV OLNHO\

WR RccXU ZKHQ LQWHJUaWLQJ daWa IURP SUHYLRXVO\ H[LVWLQJ PRQLWRULQJ SURJUaPV LQLWLaOO\ dHVLJQHd

IRU RWKHU SXUSRVHV, VHHNLQJ WR UHcRQcLOH daWa IURP LQVWLWXWLRQaOO\ OHd aQd cLWL]HQ VcLHQcH

PRQLWRULQJ SURJUaPV, RU LQWHJUaWLQJ HQYLURQPHQWaO, VRcLaO, aQd HcRQRPLc daWa W\SHV

(MaaV-HHbQHU HW aO. 2015, AddLVRQ HW aO. 2018, BHcNHQ HW aO. 2019).

FigXre 30: ScKHPaWLc RI dLIIHUHQW OHYHOV RI aJJUHJaWLRQ acURVV LQdLcaWRUV, ZKHUH WKHVH WLHUV RI

aJJUHJaWLRQ Pa\ aOVR RccXU ZLWKLQ aQd acURVV VSaWLaO aQd WHPSRUaO VcaOHV (RHSURdXcHd IURP BaUQaUd aQd

SWURQJ 2014).

AV a UHVXOW, LW LV LPSRUWaQW IRU WKLV VWHS WR WaNH LQWR accRXQW WKH IROORZLQJ besW pracWices for
sWaWisWicall\-soXnd daWa aggregaWion WR PaLQWaLQ WKH YaOLdLW\ aQd UHOLabLOLW\ RI aVVHVVPHQWV

acURVV VcaOHV, LQcOXdLQJ (BaUQaUd aQd SWURQJ 2014, MaaV-HHbQHU HW aO. 2015):

Ɣ Defining Zell-arWicXlaWed moniWoring qXesWions IRU aJJUHJaWH aQaO\VLV aQd

K\SRWKHVHV aW PXOWLSOH VcaOHV RI RUJaQL]aWLRQ WKaW VSHcLI\ WKH WaUJHW SRSXOaWLRQ(V) aQd

VaPSOH IUaPHV RI LQWHUHVW.
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Ɣ IdenWif\ing inWeroperabiliW\ issXes, LQcOXdLQJ daWa cRQVLVWHQc\ aQd TXaOLW\ ZLWKLQ

LQdLYLdXaO daWaVHWV aQd LQdLcaWRUV aV ZHOO aV PLVPaWcKHV LQ daWa cRPSaUabLOLW\, VaPSOH

VL]H, VaPSOH HIIRUW, aQd VSaWLaO RU WHPSRUaO cRYHUaJH bHWZHHQ daWaVHWV. Comprehensive

metadata records caSWXULQJ WKH cKaUacWHULVWLcV RI YaULRXV daWa cROOHcWLRQ HIIRUWV aUH

HVVHQWLaO IRU WKLV SXUSRVH.

Ɣ IdenWif\ing and reconciling issXes ZiWh sWaWisWical aggregaWion, LQcOXdLQJ

SVHXdRUHSOLcaWLRQ, VSaWLaO aXWRcRUUHOaWLRQ, cURVV-VcaOH cRUUHOaWLRQ, aQd XQNQRZQ

cRQIRXQdLQJ YaULabOHV RU µOXUNLQJ¶ YaULabOHV WKaW Pa\ bH LQWURdXcHd ZKHQ PXOWLSOH UHOaWHd

daWaVHWV aW PXOWLSOH VcaOHV aUH cRPbLQHd IRU aQaO\VLV. NRWabO\, PaQ\ PaULQH HcRV\VWHP

LQdLcaWRUV UHVSRQd dLIIHUHQWO\ ZKHQ aQaO\]Hd aW dLIIHUHQW VcaOHV, aQd PaQaJHUV aUH

adYLVHd WR cRQdXcW VHQVLWLYLW\ aQaO\VHV b\ LQYHVWLJaWLQJ LQdLcaWRUV aQd UHOaWLRQVKLSV aW

PXOWLSOH VSaWLaO VcaOHV WR PaNH VWURQJHU LQIHUHQcHV (HHLP HW aO. 2021). TKHVH LVVXHV

VKRXOd bH UHcRQcLOHd XVLQJ aSSURSULaWH VWaWLVWLcaO WHcKQLTXHV VXcK aV ZHLJKWLQJ,

SRVW-VWUaWLILcaWLRQ, WUaQVIRUPaWLRQ, caOLbUaWLRQ, aQd WKH LQcOXVLRQ RI VSaWLaOO\ YaU\LQJ

cRHIILcLHQWV LQ VXbVHTXHQW aQaO\VHV aQd PRdHOOLQJ (H.J., TKRUVRQ HW aO. 2023). SLPLOaU

UHcRQcLOLaWLRQ Pa\ bH QHHdHd bHIRUH aJJUHJaWLQJ daWa cROOHcWHd b\ dLIIHUHQW PHWKRdV

ZLWK dLIIHUHQW bLaVHV aQd WUadHRIIV (H.J., b\ dHYHORSLQJ HTXaWLRQV IRU VWaQdaUdL]LQJ daWa

WKaW accRXQW IRU IacWRUV VXcK aV dLIIHULQJ dHWHcWLRQ UaWHV aQd VHOHcWLYLW\ acURVV PHWKRdV,

aV LQ FULd HW aO. 2021). SHOHcWLRQ RI WKH PRVW aSSURSULaWH PHWKRd LV LQIOXHQcHd b\

PRQLWRULQJ cRQWH[W aQd ZKHWKHU WKH VaPSOHV bHLQJ cRPbLQHd aUH bRWK SURbabLOLW\-baVHd,

ZKLcK LV PRUH VWUaLJKWIRUZaUd, RU QRW, ZKLcK JLYHV ULVH WR IXUWKHU LVVXHV.

Ɣ Carr\ing oXW aggregaWion, XVLQJ WKH PRVW aSSURSULaWH WHcKQLTXHV LQcOXdLQJ bRWK

TXaOLWaWLYH (H.J., cRQdLWLRQaO UXOHV) aQd TXaQWLWaWLYH (H.J., aYHUaJLQJ, PXOWL-PHWULc LQdLcHV,

RU PXOWLYaULaWH aQaO\VHV) HacK aVVRcLaWHd ZLWK WKHLU RZQ adYaQWaJHV aQd dLVadYaQWaJHV

IRU dLIIHUHQW PaULQH daWa W\SHV (UHYLHZHd LQ dHWaLO b\ BaUQaUd aQd SWURQJ 2014).

TKHVH cRQVLdHUaWLRQV VKRXOd bH incorporaWed from Whe earl\ sWages RI MPAN PRQLWRULQJ

dHVLJQ WR IacLOLWaWH IXWXUH daWa aJJUHJaWLRQ aQd KHOS WR LQcUHaVH accHVVLbLOLW\ aQd XVH RI WKH

UHVXOWLQJ daWa RXWSXWV IRU HYLdHQcH-baVHd dHcLVLRQ-PaNLQJ (MaaV-HHbQHU HW aO. 2015). FRU

H[aPSOH, cRPbLQLQJ daWa IURP dLIIHUHQW VWXdLHV LV PXcK PRUH VWUaLJKWIRUZaUd ZKHQ VWaQdaUdL]Hd

VaPSOLQJ PHWKRdV aUH XVHd aQd VaPSOLQJ dHVLJQV aUH bRWK SURbabLOLW\ baVHd, aQd SaUWLcXOaUO\ LI

VaPSOLQJ VLWHV ZHUH cKRVHQ IURP WKH VaPH PaVWHU VaPSOH (MaaV-HHbQHU HW aO. 2015, YaQ

DaP-BaWHV HW aO. 2017, WLcTXaUW HW aO. 2022). AV ZLWK daWa cROOHcWLRQ, WKH dHYHORSPHQW RI

sWandardi]ed, semi-aXWomaWed, and Zell-docXmenWed daWa inWegraWion ZorkfloZs caQ
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JUHaWO\ IacLOLWaWH RQJRLQJ aQd UHSURdXcLbOH MPA PRQLWRULQJ daWa LQWHJUaWLRQ aW OaUJH VcaOHV (H.J.,

BaUQaUd aQd SWURQJ 2014, WLcTXaUW HW aO. 2022).

Assessing and CommXnicaWing UncerWainW\

DHVSLWH WKHLU PaQ\ adYaQWaJHV, PaQ\ PRdHOV XVHd IRU WKH VWUaWHJLc SOaQQLQJ aQd aVVHVVPHQW

RI MPAV aQd MPANV PaNH a QXPbHU RI assXmpWions abRXW WKH VRcLR-HcRORJLcaO V\VWHPV WKH\

aLP WR UHIOHcW. TKHVH PLJKW LQcOXdH aVVXPSWLRQV RI KRPRJHQRXV aJH VWUXcWXUHV RU OaUYaO

dLVWULbXWLRQV, HQdSRLQWV UHIOHcWLQJ ORQJ-WHUP VWHad\ VWaWH UaWKHU WKaQ VKRUW-WHUP YaULabLOLW\,

RPLVVLRQ RI bLRHQHUJHWLcV RU HYROXWLRQaU\ adaSWaWLRQ, aQd OLQHaU UHVSRQVHV, aPRQJ RWKHUV

(WKLWH HW aO. 2011). TKHVH aVVXPSWLRQV aUH HacK aVVRcLaWHd ZLWK a dHJUHH RI XQcHUWaLQW\ WKaW

VKRXOd bH TXaQWLILHd, SURSaJaWHd WKURXJK WKH PRdHOV aQd daWa aJJUHJaWLRQ VWHSV aQd,

acNQRZOHdJHd aQd cOHaUO\ cRPPXQLcaWHd aV caYHaWV WR LQIHUHQcHV dUaZQ b\ aQ\ JLYHQ aQaO\VLV,

a bHVW SUacWLcH ZKLcK YHU\ IHZ PaULQH VRcLR-HcRORJLcaO PRdHOOLQJ VWXdLHV cXUUHQWO\ PHHW

(AddLVRQ HW aO. 2018).

WKHQ IacHd ZLWK PXOWLSOH VRXUcHV RI HYLdHQcH aQd XQcHUWaLQW\ abRXW WKH UHOaWLYH ZHLJKW RI

HYLdHQcH RI HacK RI WKRVH VRXUcHV, WKH OLWHUaWXUH RIIHUV VHYHUaO IUaPHZRUNV WKaW caQ bH XVHd WR

eYalXaWe Whe amoXnW, qXaliW\, and consensXs of eYidence (H.J., BXUNKaUdW-HROP aQd

ScKHXUHU 2007, MaVWUaQdUHa HW aO. 2011, BaWHV HW aO. 2014). TKLV LQIRUPaWLRQ LV WKHQ cRPbLQHd

LQWR a confidence score. FRU H[aPSOH, LQ caVHV ZLWK ORZ-TXaOLW\ LQIRUPaWLRQ (H.J., LQdLUHcW

accRXQWV RU aQHcdRWaO HYLdHQcH) bXW a OaUJH YROXPH RI HYLdHQcH WKaW aOO aJUHHV, LW ZRXOd VWLOO bH

SRVVLbOH WR KaYH KLJK cRQILdHQcH LQ WKH cRQcOXVLRQV. LLNHZLVH, KLJK-TXaOLW\ daWa ZLWK OHVV

YROXPH (L.H., IHZHU VLWHV) Pa\ VWLOO bH cRQVLdHUHd KLJK cRQILdHQcH. TKH adRSWLRQ RI SUacWLcHV

VXcK aV WKHVH LQ UHSRUWLQJ UHVXOWV IURP WKH aQaO\VLV RI PRQLWRULQJ daWa KHOSV UHadHUV LQWHUSUHW

ILQdLQJV, aYRLdV RYHUVWaWLQJ LQIHUHQcHV, bXLOdV cUHdLbLOLW\ aQd cRQILdHQcH LQ dHcLVLRQ-PaNLQJ, aQd

HQabOHV WKH LdHQWLILcaWLRQ RI UHVHaUcK SULRULWLHV (PLcNaUd HW aO. 2019).

CapaciW\ ConsWrainWs on Anal\sis and EYalXaWion

CaSacLW\ IRU daWa PaQaJHPHQW aQd aQaO\VLV caQ RIWHQ bH WKH PRVW OLPLWLQJ IacWRU LQ dLVWULbXWHd

PRQLWRULQJ SURJUaPV LQYROYLQJ SaUWQHUVKLSV ZLWK ORcaO cRPPXQLWLHV. TKLV baUULHU caQ bH

RYHUcRPH ZLWK Wraining and capaciW\-bXilding acWLYLWLHV WR HVWabOLVK dHdLcaWHd caSacLW\ IRU

aQaO\]LQJ MPA PRQLWRULQJ daWa. HRZHYHU, WKHUH LV JURZLQJ LQWHUHVW LQ WKH XVH RI digiWal daWa
enWr\ (H.J., XVLQJ PRbLOH aSSV aQd WabOHWV) aV ZHOO aV aXWomaWed scripWs, ZorkfloZs, and
inWXiWiYe Zeb-based plaWforms IRU UaSLd SURcHVVLQJ VWaQdaUdL]Hd MPA PRQLWRULQJ daWa aQd
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JHQHUaWLQJ RXWSXWV WR UHdXcH baUULHUV WR aQaO\VLV aVVRcLaWHd ZLWK WKH QHHd IRU cRPSOH[ WHcKQLcaO

NQRZOHdJH RI VWaWLVWLcaO WHVWV aQd VRIWZaUH (H.J., PHOOHWLHU 2020 LQ R, FaUR HW aO. 2017 YLa WKH

ZHb-baVHd R VKLQ\ aSS MAREA). IQ RQH 15-\HaU UHWURVSHcWLYH RI OHVVRQV OHaUQHd IURP a JORbaO

MPA HIIHcWLYHQHVV PRQLWRULQJ SURJUaP, WKH dHYHORSPHQW RI VWaQdaUdL]Hd PRQLWRULQJ SURWRcROV

aQd daWa PaQaJHPHQW SURcHdXUHV, a XVHU-IULHQdO\ LQWHUIacH IRU LQdLcaWRU aQaO\VLV, aQd

daVKbRaUdV RI LQdLcaWRUV ZHUH cLWHd b\ SaUWLcLSaQWV aV aPRQJ WKH PRVW YaOXHd SUacWLcaO

RXWcRPHV (PHOOHWLHU HW aO. 2020).
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2.9 CommXnicaWions and ReporWing

OQJRLQJ XQdHUVWaQdLQJ, WUXVW, aQd VXSSRUW aUH LPSHUaWLYH IRU acKLHYLQJ bHVW RXWcRPHV IROORZLQJ

WKH HVWabOLVKPHQW RI aQ MPAN bHcaXVH SaUWQHUV aQd WKH bURadHU SXbOLc RIWHQ SOa\ NH\ UROHV LQ

PRQLWRULQJ, cRPSOLaQcH, aQd HQIRUcHPHQW. A SXbOLc HQJaJHPHQW aQd cRPPXQLcaWLRQV SOaQ ZLWK

UHJXOaU UHSRUWLQJ LQWHUYaOV KaV WKXV bHHQ LdHQWLILHd aV aQ HVVHQWLaO HOHPHQW RI bURadHU

PRQLWRULQJ aQd HYaOXaWLRQ SOaQV aV a PHaQV RI cXOWLYaWLQJ aQd PaLQWaLQLQJ WKLV RQJRLQJ WUXVW

aQd VXSSRUW. RHTXLUHPHQWV IRU UHJXOaUO\ VcKHdXOHd UHSRUWLQJ (H.J., aW PRQWKO\ RU 1, 5, aQd 10

\HaU LQWHUYaOV dHSHQdLQJ RQ WKH QaWXUH RI UHSRUWLQJ) SURYLdH a baVLV IRU UHIOHcWLRQ RQ PRQLWRULQJ

cKaOOHQJHV, VXccHVVHV, aQd RXWcRPHV. SKRUWHU LQWHUYaOV caQ bH PRUH LPSRUWaQW LQ WKH HaUO\

VWaJHV RI MPAN aQd PRQLWRULQJ V\VWHP HVWabOLVKPHQW ZKHQ cR-dHYHORSPHQW acWLYLWLHV aUH

RccXUULQJ, WKLQJV aUH HYROYLQJ UaSLdO\, aQd PLQRU adMXVWPHQWV Pa\ bH PadH PRUH IUHTXHQWO\. IQ

cRQWUaVW, dHcadaO UHYLHZV aOORZ VXIILcLHQW WLPH WR SaVV WR RbVHUYH VRPH HcRORJLcaO UHVSRQVH aQd

SURYLdH a cULWLcaO RSSRUWXQLW\ IRU UHIOHcWLRQ RQ SURcHVV aQd RXWcRPHV WR daWH WR aOORZ IRU dHHSHU

cRQVLdHUaWLRQ RI bURadHU SURJUaPPaWLc cKaQJHV, LI QHHdHd, LQ VXSSRUW RI adaSWLYH PaQaJHPHQW.

AOO RI WKLV SRLQWV WR WKH QHHd IRU cRPPXQLcaWLRQV aQd UHSRUWLQJ WR KaYH dHdLcaWHd ORQJ-WHUP

IXQdLQJ aQd VXSSRUW.

CRPPXQLcaWLRQV SOaQV IRU MPAN PRQLWRULQJ aQd HYaOXaWLRQ VKRXOd aOVR addUHVV VWUaWHJLHV IRU

cUaIWLQJ aQd dHOLYHULQJ PHVVaJHV baVHd RQ WKH VSHcLILc cRQWH[W RI MPANV WKHPVHOYHV - IRU

H[aPSOH:

Ɣ CRPPXQLcaWLRQV dXULQJ WKH HVWabOLVKPHQW RI a MPAN aUH RIWHQ cRXcKHd LQ SRVLWLYH

RXWcRPHV IRU HcRV\VWHPV aQd SHRSOH, OHadLQJ WR KLJK H[SHcWaWLRQV IRU WaQJLbOH SRVLWLYH

RXWcRPHV. BHVW SUacWLcHV IRU cRPPXQLcaWLRQV UHOaWHd WR MPAN PRQLWRULQJ LQcOXdH KaYLQJ

a SOaQ IRU SXbOLc HQJaJHPHQW aQd HdXcaWLRQ WKaW LQcOXdHV seWWing realisWic
e[pecWaWions IRU WKH WLPHOLQH aQd PaJQLWXdH RI aQWLcLSaWHd bHQHILWV, ZKLcK caQ bH

LQIOXHQcHd b\ IacWRUV VXcK aV SULRU KaUYHVW SUHVVXUH, QaWXUaO UHcUXLWPHQW YaULaWLRQ, WLPH

VLQcH MPA HVWabOLVKPHQW, aQd RWKHUV (NLcNROV HW aO. 2019). SLPXOaWLRQ PRdHOV caQ SOa\ a

cULWLcaO UROH LQ SURMHcWLQJ OLNHO\ WLPHOLQHV IRU UHcRYHU\ baVHd RQ aQ XQdHUVWaQdLQJ RI

VSHcLHV bLRORJ\, baVHOLQH HcRV\VWHP cRQWH[W, aQd VSHcLILc PaQaJHPHQW VcHQaULRV LQ

RUdHU WR VHW WKHVH H[SHcWaWLRQV. TKHVH SUHdLcWHd RXWcRPHV caQ KHOS WR SURYLdH cRQWH[W

IRU WKH cRPPXQLcaWLRQ RI HYaOXaWLRQ UHVXOWV WR WKH bURadHU SXbOLc, aV HYaOXaWLRQ LV PRVW

HIIHcWLYH ZKHQ LW LV SRVVLbOH WR dHWHUPLQH ZKHWKHU aQd KRZ WKH SURWHcWHd aUHaV aUH

acKLHYLQJ aQWLcLSaWHd RXWcRPHV.
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Ɣ BHcaXVH PaQ\ aVSHcWV RI MPAN SHUIRUPaQcH RQ PXOWLSOH LQdLcaWRUV ZLOO bH aVVHVVHd

XVLQJ KLJKO\ WHcKQLcaO PHWKRdV LQcOXdLQJ JHQRPLcV, UHPRWH VHQVLQJ aOJRULWKPV, aQd

TXaQWLWaWLYH PRdHOOLQJ, HIIHcWLYH VcLHQcH cRPPXQLcaWLRQ WHcKQLTXHV ZLOO bH cULWLcaO IRU

dLVWLOOLQJ NH\ RXWcRPHV LQWR PHVVaJHV aQd IRUPaWV accHVVLbOH WR bURad aXdLHQcHV,

LQcOXdLQJ cRPPXQLWLHV, PRQLWRULQJ SaUWQHUV, aQd SROLc\-PaNHUV. MaQ\ MPAV aQd MPANV

aUH adRSWLQJ WKH XVH RI YLVXaO UHSRUWLQJ PHWKRdV VXcK aV MPA UHSRUW caUdV, LQWHUacWLYH

LQIRJUaSKLcV, aQd PXOWLPHdLa SWRU\MaSV IRU PRUH accHVVLbOH UHSRUWLQJ (H.J., CEC 2011,

BURZQ HW aO. 2019, SSHcWRU HW aO. 2021, BHQVRQ HW aO. 2021).

Ɣ IPSRUWaQWO\, a cRPPXQLcaWLRQV SOaQ VKRXOd accRXQW IRU WKH cRPPXQLcaWLRQ QHHdV aQd

SUHIHUHQcHV RI dLIIHUHQW aXdLHQcHV, ZKLcK Pa\ UHTXLUH dLIIHUHQW PHVVaJLQJ aQd

PRdaOLWLHV. FRU H[aPSOH, WKH AXVWUaOLaQ IQVWLWXWH RI MaULQH ScLHQcH KaV aVVHPbOHd

KHOSIXO OHVVRQV OHaUQHd RQ µcORVLQJ WKH cLUcOH¶ b\ UHWXUQLQJ NQRZOHdJH WR WKH cRXQWU\

WKURXJK VKaULQJ PRQLWRULQJ UHVXOWV acURVV JHQHUaWLRQV RI IQdLJHQRXV TUadLWLRQaO OZQHUV

XVLQJ a ZLdH UaQJH RI accHVVLbOH aQd cXOWXUaOO\ aSSURSULaWH cRPPXQLcaWLRQV VWUaWHJLHV,

HacK RI ZKLcK KaYH WKHLU RZQ SURV aQd cRQV (AIMS 2021).
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2.10 PaWhZa\s Wo ManagemenW Decisions

A JORbaO UHYLHZ IRXQd WKaW RQO\ 13% RI MPAV acWLYHO\ XVH WKH UHVXOWV RI PRQLWRULQJ SURJUaPV WR

LQIRUP PaQaJHPHQW, RIWHQ dXH WR caSacLW\ cRQVWUaLQWV (GLOO HW aO. 2017). AV PXcK aV SRVVLbOH, LW

LV bHQHILcLaO WR dHVLJQ PRQLWRULQJ aQd HYaOXaWLRQ SURJUaPV WR HQabOH PaQaJHUV aQd JRYHUQLQJ

SaUWQHUV WR TXLcNO\ LdHQWLI\ NQRZOHdJH JaSV aQd HPHUJLQJ WKUHaWV aQd dHYHORS SOaQV IRU

addUHVVLQJ WKHP. MRQLWRULQJ aQd HYaOXaWLRQ RI MPANV VHUYH VHYHUaO cULWLcaOO\ LPSRUWaQW

IXQcWLRQV, LQcOXdLQJ HQabOLQJ adaSWLYH PaQaJHPHQW WKaW UHVSRQdV WR VRcLaO aQd HcRORJLcaO

IHHdbacNV. AdaSWLYH PaQaJHPHQW HPSKaVL]HV WKH cRPSOH[ aQd d\QaPLc QaWXUH RI HcRV\VWHPV

aQd WKH LPSRUWaQcH aQd YaOXH RI cRQWLQXRXV OHaUQLQJ aQd adMXVWPHQW baVHd RQ PRQLWRULQJ aQd

UHVSRQdLQJ WR VRcLaO aQd HcRORJLcaO IHHdbacNV (WaOWHUV 1997; RLVW HW aO. 2013; NLcNROV HW aO.

2019; GURUXUd-CORYHUW HW aO. 2021). AV VXcK LW LV LPSRUWaQW WR dHVLJQ PRQLWRULQJ aQd HYaOXaWLRQ

SURJUaPV WR HQabOH PaQaJHUV aQd SaUWQHUV WR TXLcNO\ LdHQWLI\ NQRZOHdJH JaSV aQd HPHUJLQJ

WKUHaWV aQd dHYHORS SOaQV IRU addUHVVLQJ WKHP.

PUHdLcWLQJ aOWHUQaWLYH PaQaJHPHQW RXWcRPHV WR ZKLcK PRQLWRULQJ daWa caQ bH cRPSaUHd

HQabOHV a PRUH ULJRURXV aQd SURacWLYH aSSURacK WR HYaOXaWLRQ RI MPA HIIHcWLYHQHVV aQd

adaSWLYH PaQaJHPHQW. AcWLYH adaSWLYH PaQaJHPHQW UHTXLUHV SUHdLcWLRQ RI aOWHUQaWLYH H[SHcWHd

PaQaJHPHQW RXWcRPHV OLQNHd WR MPA PaQaJHPHQW RbMHcWLYHV aJaLQVW ZKLcK PRQLWRULQJ daWa

caQ bH cRPSaUHd WR XQdHUVWaQd WKH PRVW OLNHO\ cRQWULbXWLQJ IacWRUV IRU RbVHUYHd RXWcRPHV RU

LdHQWLI\ XQH[SOaLQHd JaSV bHWZHHQ SUHdLcWLRQV aQd UHaOLW\, KLQWLQJ aW XQNQRZQ dULYHUV (TRQ\

2020). TKH XVH RI H[SHUW MXdJPHQW, OLIH KLVWRU\ LQIRUPaWLRQ, daWa, aQd PRdHOV WR JHQHUaWH

aOWHUQaWLYH SUHdLcWLRQV SURYLdHV aQ RSSRUWXQLW\ WR LQYHVWLJaWH RbVHUYHd cKaQJHV aQd WR H[SORUH

SRWHQWLaO cKaQJHV WKaW aUH SOaXVLbOH bXW KaYH \HW WR RccXU (NLcNROV 2019, TRQ\ 2020).

MaQaJHPHQW H[SHULPHQWV (H.J., cKaQJHV WR WLPLQJ RI aOORZabOH H[WUacWLYH acWLYLWLHV ZLWKLQ

SaUWLaOO\ SURWHcWHd MPAV) aQd aVVRcLaWHd adMXVWPHQWV WR VaPSOLQJ dHVLJQV (H.J., PRQLWRULQJ

addLWLRQaO VLWHV, WLPH SHULRdV, RU cRYaULaWHV ZKHUH WKH H[SHULPHQWaO LQWHUYHQWLRQ LV PRVW

SUacWLcaO, PRQLWRULQJ addLWLRQaO cRYaULaWHV WKaW Pa\ LQIOXHQcH VXccHVV RI WKH LQWHUYHQWLRQ, HWc.)

caQ cUHaWH addLWLRQaO cRQWUaVW LQ WKH daWa WR bHWWHU WHaVH aSaUW WKHVH dULYHUV aQd LdHQWLI\ WKH

IacWRUV LPSHdLQJ dHVLUHd RXWcRPHV aQd LQIRUP LWHUaWLYH adMXVWPHQWV WR IXWXUH PaQaJHPHQW aQd

PRQLWRULQJ VWUaWHJLHV.
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TKHUH LV a QHHd WR LQcOXdH LQdLcaWRUV UHOHYaQW WR PaQaJHPHQW bRWK ZiWhin aQd oXWside
SURWHcWHd aUHaV. E[aPSOHV RI NH\ cRQVLdHUaWLRQV LQcOXdH LQdLcaWRUV WKaW LQIRUP WKH SRWHQWLaO

QHHd WR cKaQJH UHJXOaWLRQV IRU aOORZabOH acWLYLWLHV ZLWKLQ MPAV, cKaQJLQJ ]RQLQJ ZLWKLQ MPAV,

cKaQJLQJ WKH bRXQdaULHV RI MPAV, HVWabOLVKLQJ QHZ MPAV ZLWKLQ WKH QHWZRUN, cRQdXcWLQJ

UHVWRUaWLRQ aW VLQJOH RU PXOWLSOH VLWHV (H.J., WR IacLOLWaWH cRQQHcWLYLW\), RU LQcUHaVLQJ cRPSOLaQcH,

HQIRUcHPHQW, RU RXWUHacK VWUaWHJLHV. CKaQJHV RbVHUYHd ZLWKLQ WKH QHWZRUN caQ aOVR LQIRUP

dHcLVLRQ-PaNLQJ b\ UHJXOaWRU\ aXWKRULWLHV bH\RQd WKH QHWZRUN. FRU H[aPSOH, PRQLWRULQJ

RXWcRPHV IRU ZaWHU TXaOLW\ ZLWKLQ MPAV Pa\ bH LQIOXHQcHd b\ OaQd XVH PaQaJHPHQW SUacWLcHV

adMacHQW WR MPA VLWHV. SLPLOaUO\, RXWcRPHV IRU ILVK SRSXOaWLRQ UHcRYHU\ aQd VSLOORYHU Pa\ bH

LQIOXHQcHd b\ cKaQJHV LQ ILVKLQJ bHKaYLRXU RXWVLdH MPA bRXQdaULHV, ZKLOH MPAV caQ LQ WXUQ

LQIOXHQcH VSaWLaO SaWWHUQV RI SRSXOaWLRQ VWUXcWXUH LQ Za\V WKaW YLROaWH WKH aVVXPSWLRQV RI

WUadLWLRQaO VWRcN aVVHVVPHQW aQd ILVKHULHV PaQaJHPHQW IUaPHZRUNV aQd Pa\ ZaUUaQW

PRdLILcaWLRQV.

AdaSWLYH PaQaJHPHQW LV JHQHUaOO\ HQabOHd IURP WKH adRSWLRQ RI SMART RbMHcWLYHV, ZKLcK aUH

JRaOV WKaW aUH VSHcLILc, PHaVXUabOH, acKLHYabOH, UHOHYaQW, aQd WLPH-bRXQd. IW LV ZRUWK QRWLQJ WKaW

aOWKRXJK WKHUH LV a cOHaU UHOaWLRQVKLS bHWZHHQ LQdLcaWRUV aQd RbMHcWLYHV RU JRaOV, VHWWLQJ RI

RbMHcWLYHV RU JURXSV VKRXOd JHQHUaOO\ SUHcHdH LQdLcaWRU VHOHcWLRQ WR HQVXUH aOLJQPHQW bHWZHHQ

WKRVH LQdLcaWRUV aQd WKH LQWHUHVWV, QHHdV aQd YaOXHV RI SaUWQHUV (BHOLaHII aQd PHOOHWLHU 2011).

AOWKRXJK LW Pa\ bH SRVVLbOH WR dHILQH LQdLcaWRUV baVHd RQ RWKHU MPAV RU MPANV, RU b\ dUaZLQJ

XSRQ WKH NQRZOHdJH RI H[SHUWV, QHJOHcWLQJ SaUWQHUV, VWaNHKROdHUV, aQd ULJKWV KROdHUV LQ

RbMHcWLYH VHWWLQJ aQd LQdLcaWRU VHOHcWLRQ caQ XQdHUPLQH ORQJ-WHUP cRQVHUYaWLRQ RbMHcWLYHV.

NRQHWKHOHVV, adKHUHQcH WR WKH JHQHUaO SULQcLSOHV RI SMART RbMHcWLYHV Pa\ IacLOLWaWH adaSWLYH

PaQaJHPHQW LQ a YaULHW\ RI dLIIHUHQW Za\V.

Ɣ ObMHcWLYHV WKaW aUH specific JHQHUaOO\ HQKaQcH SURVSHcWV IRU adaSWLYH PaQaJHPHQW b\

cOaULI\LQJ WKH cRPSRQHQWV RI V\VWHPV IRU ZKLcK RXWcRPHV aUH H[SHcWHd aQd WKH QaWXUH RU

dLUHcWLRQ RI WKHVH RXWcRPHV. FRU H[aPSOH, WKH UK PaULQH VWUaWHJ\ HVWabOLVKHV 11 cRUH

dHVcULSWRUV RI GRRd EQYLURQPHQWaO SWaWXV, LQcOXdLQJ cHWacHaQV, ILVK, VHabLUdV aQd

bHQWKLc KabLWaWV aQd JHQHUaOO\ VHHNV WR PaLQWaLQ RU LPSURYH WKH VWaWXV RI WKRVH

dHVcULSWRUV.

Ɣ ObMHcWLYHV WKaW aUH measXrable SURYLdH LQVLJKWV abRXW WKH VWaWXV aQd WUHQdV RI

RXWcRPHV UHOaWLYH WR RbMHcWLYHV WR IacLOLWaWH UHSRUWLQJ aQd adaSWLYH PaQaJHPHQW. WKLOH

PHaVXUHV aUH RIWHQ TXaQWLWaWLYH LQ QaWXUH, SURYLdLQJ LQVLJKWV abRXW WKH dLVWULbXWLRQ aQd

abXQdaQcH RI dLIIHUHQW VSHcLHV, RU cRQcHQWUaWLRQ RI cRQWaPLQaQWV; TXaOLWaWLYH PHaVXUHV
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caQ aOVR bH SaUWLcXOaUO\ XVHIXO WR JHQHUaWH LQVLJKWV abRXW SHUcHSWLRQV, PHcKaQLVPV aQd

XQH[SHcWHd LPSacWV. FRU H[aPSOH, PRQLWRULQJ IRU WKH CaOLIRUQLa MPAN LQcRUSRUaWHd

IRcXV JURXSV ZKLcK aOORZHd WKHP WR H[SORUH KRZ cRPPHUcLaO ILVKHUV ZHUH LPSacWHd b\

WKH V\QHUJLVWLc HIIHcWV RI WKH MPAN aQd COVID-19 SaQdHPLc. MHaVXUabOH RbMHcWLYHV

caQ aOVR bH XVHd WR dHYHORS PaQaJHPHQW WULJJHUV WKaW dHILQH SRLQWV aW ZKLcK VSHcLILc

PaQaJHPHQW acWLRQV (L.H., cKaQJH LQ UXOHV) RU JHQHUaO acWLRQV (L.H., RUJaQL]H a PHHWLQJ)

aUH PadH (NLH aQd ScKXOW] 2012). HRZHYHU, QRQH RI WKH UHYLHZHd caVHV aSSHaU WR KaYH

HVWabOLVKHd VWULcW WKUHVKROdV RU WULJJHUV IRU PaQaJHPHQW acWLRQ aSaUW IURP UHYLHZLQJ

VWUaWHJLHV IROORZLQJ UHJXOaU UHSRUWLQJ VcKHdXOHV.

Ɣ ObMHcWLYHV VKRXOd bH achieYable RU UHaOLVWLc b\ WaNLQJ LQWR accRXQW aYaLOabOH UHVRXUcHV

aQd cRQVWUaLQWV. FRU MPANV WKLV JHQHUaOO\ PHaQV WaNLQJ LQWR accRXQW WKH WLPHIUaPHV IRU

ZKLcK RXWcRPHV PLJKW UHaVRQabO\ bH H[SHcWHd WR dHYHORS, aQd WKH H[WHQW WR ZKLcK

PaQaJHPHQW acWLRQV ZLWKLQ WKH QHWZRUN KaYH WKH SRWHQWLaO WR dHOLYHU RXWcRPHV. MRUH

VSHcLILcaOO\ HcRORJLcaO aQd HQYLURQPHQWaO RXWcRPHV caQ WaNH \HaUV RU dHcadHV WR bH

UHaOL]Hd (KaSOaQ HW aO. 2019) aQd KHQcH LW LV LPSRUWaQW WR VHW UHaOLVWLc H[SHcWaWLRQV,

LdHQWLI\ LQWHUPHdLaWH RXWcRPHV (L.H., KaOW dHcOLQHV LQ ILVK bLRPaVV) aQd LdHQWLI\ OHadLQJ

LQdLcaWRUV dLUHcWO\ WLHd WR PaQaJHPHQW acWLRQV (L.H., UHdXcHd b\caWcK, LQcUHaVHd

cRPSOLaQcH). FXUWKHU, ZKLOH PaQaJHPHQW acWLRQV LQ MPANV aUH JHQHUaOO\ dHVLJQHd WR

LPSURYH RXWcRPHV, VXcK aV LQcUHaVHd bLRPaVV, VRPHWLPHV WKH dULYHUV RI WKRVH

RXWcRPHV H[WHQd bH\RQd WKH VcRSH RU VcaOH RI aQ MPAN. MLJUaWRU\ VSHcLHV, IRU

H[aPSOH, SRVH XQLTXH cKaOOHQJHV aQd KHQcH UHTXLUH VRPH adMXVWPHQWV bH\RQd UaZ

UHSRUWLQJ RI abXQdaQcH WR caSWXUH PaQaJHPHQW HIIHcWLYHQHVV. AddLWLRQaOO\, PaULQH

PRQLWRULQJ aQd HYaOXaWLRQ SURJUaPV aUH LQcUHaVLQJO\ IacLQJ cKaOOHQJHV ZLWK UHVSHcW WR

LVROaWLQJ WKH HIIHcWV RI PaULQH SROLc\ aQd PaQaJHPHQW IURP WKH HIIHcWV RI cOLPaWH

cKaQJH. IQ WKH UK, PaQaJHUV KaYH aLPHd WR LVROaWH PaQaJHPHQW HIIHcWV RQ WKH bUHHdLQJ

VXccHVV RI KLWWLZaNH b\ cRPSaULQJ RbVHUYaWLRQV WR a baVHOLQH HVWLPaWH dHULYHd IURP a

PRdHO SUHdLcWLQJ bUHHdLQJ VXccHVV RQ WKH baVLV RI VHa VXUIacH WHPSHUaWXUHV. FLQaOO\, aV

WKH WLPH bHWZHHQ PaQaJHPHQW acWLRQV aQd H[SHcWHd RXWcRPHV LQcUHaVHV, LW LV JHQHUaOO\

bHQHILcLaO WR LQcOXdH Oa\HUV RI VKRUW, PHdLXP aQd ORQJ-WHUP RbMHcWLYHV WR SURYLdH OHadLQJ

LQdLcaWRUV RI RXWcRPHV aQd dHWHcW HPHUJLQJ WKUHaWV. PUHVVXUH PRQLWRULQJ LV SaUWLcXOaUO\

VaOLHQW LQ WKLV UHJaUd b\ aOORZLQJ PaQaJHUV aQd SaUWQHUV WR PRQLWRU cKaQJHV LQ

VKRUW-WHUP RXWcRPHV VXcK aV b\caWcK RU cRPSOLaQcH WKaW aUH OLNHO\ WR cRQWULbXWH WR

ORQJ-WHUP RXWcRPHV VXcK aV abXQdaQcH aQd dLVWULbXWLRQ RI VSHcLHV.
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Ɣ ObMHcWLYHV VKRXOd bH releYanW LQ WKaW WKH\ aUH dLUHcWO\ aOLJQHd ZLWK KLJK-OHYHO JRaOV aQd

RbMHcWLYHV aQd XVHIXO IRU PaQaJHUV aQd SaUWQHUV WR LQIRUP adaSWLYH PaQaJHPHQW. AW a

PLQLPXP, PRVW RbMHcWLYHV VKRXOd bH dHVLJQHd WR SURYLdH LQVLJKWV aV WR WKH cXUUHQW VWaWXV

RU cRQdLWLRQV RI VRPH IHaWXUH RU aWWULbXWH UHOaWLYH WR VRPH baVHOLQH RU WKUHVKROd, aQd/RU

UHSRUW WUHQdV ZLWK UHVSHcW WR WKaW IHaWXUH RU aWWULbXWH WR KLJKOLJKW LWHPV WKaW Pa\ UHTXLUH

IXUWKHU aWWHQWLRQ. FRU H[aPSOH, WKH UK PaULQH VWUaWHJ\ aVVHVVHV WKH cXUUHQW VWaWXV RI

LQdLcaWRUV aJaLQVW LQdLcaWRU VSHcLILc bHQcKPaUNV (ZKHUH aYaLOabOH) aQd WKHLU WUHQdV WR

dHYHORS a daVKbRaUd WKaW KLJKOLJKWV aUHaV WKaW Pa\ UHTXLUH cKaQJHV LQ PaQaJHPHQW

PHaVXUHV. WKHUH SRVVLbOH LW LV aOVR KHOSIXO LI a VXbVHW RI LQdLcaWRUV aQd/RU daWa cROOHcWLRQ

PHWKRdV aUH VSHcLILcaOO\ dHVLJQHd WR RIIHU LQVLJKWV aV WR WKH QaWXUH RI cKaQJHV WKaW PLJKW

bH UHTXLUHd WR acKLHYH RbMHcWLYHV. TKH OUHJRQ MPAN, IRU H[aPSOH, cROOHcWHd daWa

UHJaUdLQJ WKH PRWLYaWLRQV IRU WRXULVW YLVLWV ZKLcK cRXOd bH XVHd WR LQIRUP SURPRWLRQ

VWUaWHJLHV WaUJHWHd LQYHVWPHQWV LQ WRXULVW LQIUaVWUXcWXUH.

Ɣ ObMHcWLYHV VKRXOd bH Wime-boXnd LQ WKaW WLPH KRUL]RQV aUH cOHaUO\ dHILQHd aQd dHadOLQHV

aUH HVWabOLVKHd WR HQVXUH UHVXOWV RI PRQLWRULQJ aQd HYaOXaWLRQ caQ IHHd LQWR a UHJXOaU

adaSWLYH PaQaJHPHQW c\cOH. RHSRUWLQJ RQ SURJUHVV LV UHTXLUHd HYHU\ WHQ \HaUV LQ

CaOLIRUQLa aQd OUHJRQ, aQd HYHU\ VL[ \HaUV LQ WKH UQLWHd KLQJdRP, SURYLdLQJ aQ

LPSRUWaQW RSSRUWXQLW\ WR UHYLVLW VWUaWHJLHV aQd cRQVLdHU RSSRUWXQLWLHV IRU LPSURYHPHQW.

HRZHYHU, aOWKRXJK UHJXOaU UHSRUWLQJ aQd adaSWLYH SOaQQLQJ LV JHQHUaOO\ cRQdXcLYH WR

ORQJ-WHUP adaSWLYH PaQaJHPHQW, LW LV aOVR LPSRUWaQW WR cUHaWH RSSRUWXQLWLHV IRU

PaQaJHUV aQd SaUWQHUV WR dHWHcW aQd UHVSRQd WR UaSLd cKaQJHV LQ LQdLcaWRUV WKaW IaOO

RXWVLdH RI UHJXOaU UHSRUWLQJ LQWHUYaOV.
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CRQcOXVLRQ

AV cRPPXQLWLHV aQd cRXQWULHV aURXQd WKH ZRUOd IRUJH aKHad WRZaUdV WKH HVWabOLVKPHQW RI

MPANV WR PHHW bRWK ORcaO cRQVHUYaWLRQ RbMHcWLYHV aQd JORbaO cRPPLWPHQWV WR cRQVHUYaWLRQ

WaUJHWV, H[LVWLQJ aQd QHZ MPANV VWaQd WR bHQHILW IURP WKH OHVVRQV OHaUQHd b\ HaUO\ adRSWHUV

WKaW aUH QRZ XQdHUJRLQJ UHWURVSHcWLYH UHYLHZV aQd HYaOXaWLRQV. AOWKRXJK QR VLQJOH MPAN KaV

\HW addUHVVHd HYHU\ aVSHcW RI HPHUJLQJ bHVW SUacWLcH, HacK RIIHUV LWV RZQ VXccHVVHV aQd

LQVLJKWV WR OHaUQ IURP. FXUWKHU UHVHaUcK cRQWLQXHV WR bXLOd RQ WKHVH SUacWLcaO LQVLJKWV WR RSHQ XS

QHZ SRVVLbLOLWLHV LQ WKLV VSacH.
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Workshop PXrpose

AV SaUW RI WKH aSSURacK WR bXLOdLQJ WKLV UHSRUW, WKH cRQVXOWLQJ WHaP ZaV LQYLWHd WR IacLOLWaWH a
KaOI-da\ ZRUNVKRS aW WKH QXadUa CHQWUH, BC aV SaUW RI RQJRLQJ HQJaJHPHQW ZLWK H[SHUWV ZLWK
NQRZOHdJH RI MPAN PRQLWRULQJ. TKH RbMHcWLYHV RI WKH KaOI da\ ZRUNVKRS ZHUH WR: (1) LdHQWLI\
UHOHYaQW OLWHUaWXUH aQd UHVRXUcHV UHOaWHd MPAN PRQLWRULQJ, (2) V\QWKHVL]H LQVLJKWV LQWR PHaQV RI
PRQLWRULQJ OLQNHd VRcLaO-HcRORJLcaO dLPHQVLRQV IRU MPANV, aQd (3) dLVWLOO NH\ cRQVLdHUaWLRQV IRU
PRQLWRULQJ WKH SURSRVHd NRUWKHUQ SKHOI BLRUHJLRQ (NSB) MPAN. TKH H[SHUWV ZKR SaUWLcLSaWHd LQ
WKLV ZRUNVKRS (TabOH 1) ZHUH cRQYHQHd IRU a OaUJHU WKUHH da\ UHWUHaW WKaW ZaV aLPHd WR adYaQcH
WKLQNLQJ WRZaUdV Za\V WKaW MPAN PRQLWRULQJ SURJUaPV caQ cRQcHSWXaOL]H aQd aVVHVV OLQNHd
VRcLaO-HcRORJLcaO RXWcRPHV. TKLV bURadHU UHWUHaW ZaV RUJaQL]Hd aQd IacLOLWaWHd b\ NaWaOLH BaQ6,
ZLWK HaUO\ SOaQQLQJ VWaJHV VXSSRUWHd b\ LXLVa RaPLUH].

TKLV ZRUNVKRS UHSRUW SURYLdHV aQ RYHUYLHZ aQd VXPPaU\ RI PaLQ RXWcRPHV RI dLVcXVVLRQV.
TKURXJK WKH KaOI da\ ZRUNVKRS, WKH JURXS RI H[SHUWV KHOSHd WR LdHQWLI\ LPSRUWaQW VRcLaO aQd
HcRORJLcaO dLPHQVLRQV WR PHaVXUH IRU MPANV, OLQNaJHV aPRQJ WKRVH dLPHQVLRQV, aV ZHOO aV NH\
cRQVLdHUaWLRQV IRU WKH NSB PRQLWRULQJ SURJUaP.

6 A ZRUNVKRS UHSRUW IRU WKH bURadHU UHSRUW LV aOVR XQdHU SUHSaUaWLRQ. FRU PRUH LQIRUPaWLRQ cRQWacW NaWaOLH
BaQ (QbaQ@XYLc.ca).
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Table 1: LLVW RI ZRUNVKRS SaUWLcLSaQWV LQ aOSKabHWLcaO RUdHU.

Name, OUJaQL]aWLRQ TiWle

Lindsa\ A\lesZorWh, OUHJRQ DHSaUWPHQW RI FLVK aQd
WLOdOLIH

MaULQH RHVHUYHV PURJUaP LHadHU

Dana Baker, MaULQH EWKQRHcRORJ\ Lab, UQLYHUVLW\ RI
VLcWRULa

PRVWdRcWRUaO FHOORZ

NaWalie Ban, ScKRRO RI EQYLURQPHQWaO SWXdLHV,
UQLYHUVLW\ RI VLcWRULa

PURIHVVRU

Jenn BXrW, NaWXUH UQLWHd BULWLVK CROXPbLa MaULQH PURJUaP
LHad

Mark Carr, DHSaUWPHQW RI EcRORJ\ & EYROXWLRQaU\
BLRORJ\, UQLYHUVLW\ RI CaOLIRUQLa, SaQWa CUX]

PURIHVVRU

Joachim ClaXdeW, FUHQcK NaWLRQaO CHQWUH IRU ScLHQWLILc
RHVHaUcK

SHQLRU RHVHaUcKHU

Arielle LeYine, DHSaUWPHQW RI GHRJUaSK\, SaQ DLHJR
SWaWH UQLYHUVLW\

PURIHVVRU

Rebecca MarWone, TXOa FRXQdaWLRQ¶V OcHaQ DHcadH
CROOabRUaWLYH CHQWHU IRU WKH NE PacLILc

E[HcXWLYH DLUHcWRU

Mairi Meehan, OcHaQ FURQWLHU IQVWLWXWH (DaOKRXVLH
UQLYHUVLW\)

PRVWdRcWRUaO FHOORZ

LXisa Ramire], PROLc\ aQd EcRQRPLc BUaQcK, FLVKHULHV
aQd OcHaQV CaQada

SRcLaO ScLHQWLVW

Emil\ RXbidge, IQVWLWXWH RI OcHaQ ScLHQcHV, FLVKHULHV
aQd OcHaQV CaQada

RHVHaUcK ScLHQWLVW

Anne Salomon, ScKRRO RI RHVRXUcH aQd
EQYLURQPHQWaO MaQaJHPHQW, SLPRQ FUaVHU UQLYHUVLW\

PURIHVVRU

Anna SchXhbaXer, FLVKHULHV EcRQRPLc RHVHaUcK
UQLW, UQLYHUVLW\ RI BULWLVK CROXPbLa

RHVHaUcK AVVRcLaWH
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OXWline of AcWiYiWies and QXesWions

TR bHJLQ WKH KaOI da\ VHVVLRQ, WKH cRQVXOWLQJ WHaP SUHVHQWHd bacNJURXQd LQIRUPaWLRQ abRXW WKH
SURSRVHd MPAN LQ WKH NRUWKHUQ SKHOI BLRUHJLRQ (NSB). TKLV LQIRUPaWLRQ LQcOXdHd aQ RYHUYLHZ
RI WKH SURSRVHd aUHa, WKH W\SHV RI SURWHcWHd aUHaV WKaW ZLOO bH SaUW RI WKH QHWZRUN, WKH
JRYHUQaQcH SaUWQHUV, WKH VWaWXV RI SOaQQLQJ HIIRUWV, aQd NH\ H[SHcWHd VRcLaO aQd HcRORJLcaO
RXWcRPHV RI WKH QHWZRUN. TKH WHaP aOVR SUHVHQWHd a VHW RI bULHI caVH VWXdLHV RI KRZ PRQLWRULQJ
KaV bHHQ SOaQQHd aQd caUULHd RXW LQ RWKHU MPANV, LQcOXdLQJ CaOLIRUQLa, AXVWUaOLa, NHZ ZHaOaQd,
aQd ScRWOaQd / UK WR KHOS VHHd dLVcXVVLRQ.

FROORZLQJ WKLV SUHVHQWaWLRQ aQd dLVcXVVLRQV WKaW addUHVVHd SaUWLcLSaQWV¶ TXHVWLRQV, SaUWLcLSaQWV
ZHUH VSOLW LQWR WKUHH JURXSV IRU bUHaNRXW dLVcXVVLRQV. TKH bUHaNRXW JURXSV ZHUH aVNHd WR
dLVcXVV WKUHH TXHVWLRQV:

1. WKaW aUH WKH WRS WKLQJV WR PRQLWRU LQ RUdHU WR XQdHUVWaQd VRcLaO-HcRORJLcaO RXWcRPHV IRU
a MPAN?

2. EcRORJLcaO aQd KXPaQ dLPHQVLRQV LQdLcaWRUV aUH RIWHQ PHaVXUHd aQd UHSRUWHd
cRPSOHWHO\ VHSaUaWHO\. HRZ cRXOd WKH OLQNaJHV bHWZHHQ WKHVH IHaWXUHV aQd WKHLU
LQdLcaWRUV bH PRUH PHaQLQJIXOO\ PRQLWRUHd aQd HYaOXaWHd?

3. WKaW VWaQdV RXW IRU \RX aV SaUWLcXOaUO\ LPSRUWaQW IRU PRQLWRULQJ WKH BC MPAN?

EacK RI WKH bUHaNRXW JURXSV ZHUH OHd b\ RQH RI WKH IacLOLWaWRUV (NaWaVcLa, MaUN, aQd JHQQ), ZKR
JXLdHd WKH dLVcXVVLRQ aQd dRcXPHQWHd LdHaV RQ VWLcN\ QRWHV aQd IOLScKaUWV. FROORZLQJ bUHaNRXW
JURXS dLVcXVVLRQV, WKH JURXSV caPH WRJHWKHU aJaLQ IRU SOHQaU\ dLVcXVVLRQ. TKLV ILQaO dLVcXVVLRQ
IRcXVHd PaLQO\ RQ WKH ILQaO TXHVWLRQ. WKLOH WKH VXPPaU\ RI RXWcRPHV aQd LQVLJKWV bHORZ ZaV
dHULYHd IURP QRWHV abRXW aOO RI WKH bUHaNRXW dLVcXVVLRQV, WKLV ZRUNVKRS UHSRUW HPSKaVL]HV
V\QWKHWLc LQVLJKWV IURP WKH ILQaO TXHVWLRQ.

TKH cRQVXOWLQJ WHaP LV JUaWHIXO WR WKH
SaUWLcLSaQWV IRU WKHLU cRQWULbXWLRQV WR WKH
dLVcXVVLRQV WKaW OHd WR WKH LQVLJKWV
VXPPaUL]Hd bHORZ. WH QRWH, KRZHYHU, WKaW
WKH SRLQWV UaLVHd LQ WKLV UHSRUW Pa\ QRW
UHIOHcW WKH YLHZV RI aOO SaUWLcLSaQWV.
RHVSRQVLbLOLW\ IRU WKLV V\QWKHVLV OLHV
XOWLPaWHO\ ZLWK WKH cRQVXOWLQJ WHaP.
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SXmmar\ of OXWcomes and InsighWs

FROORZLQJ WKH ZRUNVKRS, WKH cRQVXOWLQJ WHaP cRPSLOHd aOO QRWHV, ZKLcK LQcOXdHd KLJKOLJKWV IURP
HacK bUHaNRXW JURXS (VWLcN\ QRWHV aQd IOLScKaUW QRWHV) aV ZHOO aV QRWHV WaNHQ b\ WKH IacLOLWaWLRQ
WHaP. TKH IROORZLQJ VXPPaU\ UHIOHcWV WKH IacLOLWaWRUV¶ V\QWKHVLV RI HLJKW NH\ LQVLJKWV JHQHUaWHd
b\ SaUWLcLSaQWV¶ dLVcXVVLRQV.

1. MoniWor Social and Ecological IndicaWors As Linked Dimensions

WRUNVKRS SaUWLcLSaQWV dLVcXVVHd WKH LPSRUWaQcH RI
VHHLQJ VRcLaO aQd HcRORJLcaO dRPaLQV aV OLQNHd aQd
LQWHUcRQQHcWHd. BUHaNRXW JURXSV bHJaQ b\ WKLQNLQJ
abRXW LQdLYLdXaO LQdLcaWRUV aQd PHWULcV WR PHaVXUH. TKH
OLVWV LQ TabOH 2 aUH QRW H[KaXVWLYH bXW SURYLdH aQ
RYHUYLHZ RI SRWHQWLaOO\ LPSRUWaQW dLPHQVLRQV WR
PHaVXUH. TKHUH ZaV aOVR UHcRJQLWLRQ WKaW UHVRXUcHV IRU
PRQLWRULQJ aUH aOZa\V OLPLWHd - LW LV LPSRVVLbOH WR
PHaVXUH HYHU\WKLQJ - aQd SaUWLcLSaQWV IUHTXHQWO\
PHQWLRQHd µNH\¶ VSHcLHV, µNH\¶ KabLWaWV, aQd RWKHU
VSHcLHV RU dLPHQVLRQV WKaW Pa\ bH VHHQ aV cXOWXUaOO\
LPSRUWaQW. IQ SOHQaU\ dLVcXVVLRQ, SaUWLcLSaQWV adYRcaWHd
WR WKLQN bH\RQd VHHLQJ social aQd ecological aV
VHSaUaWH bR[HV - WKHUH LV RSSRUWXQLW\ IRU NSB WR PRQLWRU
LQ LQQRYaWLYH Za\V ZLWK aSSURSULaWH SOaQQLQJ aQd
IRUHVLJKW. AV WKHUH ZaV bURad UHcRJQLWLRQ RI WKH
LPSRUWaQcH RI OLQNaJHV, SaUWLcLSaQWV TXLcNO\ VKLIWHd
WRZaUdV WKLQNLQJ abRXW PHWULcV WKaW Pa\ KHOS WR
XQdHUVWaQd UHOaWLRQVKLSV bHWZHHQ LQdLcaWRUV aW a
QHWZRUN VcaOH. CRQVLdHUaWLRQ VKRXOd bH JLYHQ WR LdHQWLI\LQJ VXLWHV RI LQdLcaWRUV WKaW KaYH
PXOWLSOH XVHV, cRYHU YaOXHV aQd SURcHVVHV WKaW aUH H[SHcWHd WR UHVSRQd PRUH aQd OHVV TXLcNO\
WR MPA HVWabOLVKPHQW, baOaQcH WUadH-RIIV bHWZHHQ PRQLWRULQJ SUHVVXUHV YHUVXV RXWcRPHV, aQd
KaYH SRWHQWLaO IRU cRQWULbXWLQJ WR PRQLWRULQJ aQd XQdHUVWaQdLQJ RI bURadHU cXPXOaWLYH HIIHcWV
ZLWKLQ WKH UHJLRQ.

Table 2: E[aPSOHV RI SRWHQWLaO VRcLR-HcRQRPLc aQd HcRORJLcaO dLPHQVLRQV WR PRQLWRU.

Socio-economic Ecological

EcRQRPLc VWabLOLW\ (UHVRXUcH aQd YaOXH)
FLVKLQJ CaWcK PHU UQLW EIIRUW (CPUE)
FLVKLQJ HIIRUW dLVSOacHPHQW
CRPSOLaQcH
OSSRUWXQLW\ (accHVV, UaWH RI XVH)
PURWHcWLRQ (KHULWaJH aQd aUcKaHRORJLcaO
UHVRXUcHV)

RHcUXLWPHQW
AJH, VL]H VWUXcWXUH RI NH\ VSHcLHV
AbXQdaQcH RI NH\ VSHcLHV
BLRPaVV
DLYHUVLW\
EcRORJLcaO IXQcWLRQ (SUR[LHV RI SURdXcWLYLW\,
cRQQHcWLYLW\)
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PHUcHSWLRQV RI WUXVW, WUaQVSaUHQc\, cRQIOLcW
SHQVH RI SOacH
CXOWXUaO YaOXHV, LdHQWLWLHV
SaIHW\ (ILVKLQJ, WRXU bRaWV)
EPSOR\PHQW
FRRd VHcXULW\
SHOI dHWHUPLQaWLRQ
FRRd, SRcLaO, aQd CHUHPRQLaO (FSC) caWcK IRU
FLUVW NaWLRQV aV aQ aWWULbXWH (aUH \RX PHHWLQJ
\RXU VXbVLVWHQcH QHHdV?)
YRXWK HQJaJHPHQW LQ VWHZaUdVKLS

HabLWaW aWWULbXWHV
PHUcHQW cRYHU RI bLRJHQLc KabLWaWV
RHSUHVHQWaWLYHQHVV acURVV WKH QHWZRUN
COLPaWH YaULabOHV

2. CaXsal µChains¶ of RelaWed Social-ecological IndicaWors

TKH IacLOLWaWRUV SUHVHQWHd WKH LdHa RI XVLQJ caXVaO cKaLQV aV a Za\ RI PRYLQJ bH\RQd WKLQNLQJ RI
HcRORJLcaO aQd VRcLaO LQdLcaWRUV VHSaUaWHO\ aQd LQVWHad WKLQNLQJ abRXW UHOaWLRQVKLSV aQd
dHSHQdHQcLHV aPRQJ LQdLcaWRUV aQd bURadHU QHWZRUN-ZLdH RXWcRPHV. AV dHSLcWHd LQ FLJXUH 1, a
cRUH LdHa RI XVLQJ caXVaO cKaLQV LV WR WKLQN LQ WHUPV RI ³bHQHILW-UHOHYaQW´ LQdLcaWRUV, ZKHUH
LPSURYHPHQWV LQ HcRORJLcaO LQdLcaWRUV aW WKH VWaUW RI WKH cKaLQ \LHOd bHQHILWV IRU WKH HcRV\VWHP
VHUYLcHV aQd, XOWLPaWHO\, WKH VRcLaO YaOXHV WKaW UHO\ RQ WKHP. BHQHILW-UHOHYaQW LQdLcaWRUV aLP WR
caSWXUH HPHUJHQW bHQHILWV IRU HcRV\VWHP VHUYLcHV WKaW KaYH a dLUHcW LQIOXHQcH RQ VRcLaO YaOXHV,
aV YaOXHV WKHPVHOYHV caQ bH PRUH dLIILcXOW WR PHaVXUH. TKLV LdHa cRLQcLdHV ZHOO ZLWK aQRWKHU
SRLQW H[SUHVVHd b\ SaUWLcLSaQWV abRXW WKH LPSRUWaQcH RI SaUWLcLSaWRU\ PRQLWRULQJ SURcHVVHV aQd
aOLJQLQJ LQdLcaWRUV ZLWK WKH LQWHUHVWV RI ORcaO FLUVW NaWLRQV ULJKWVKROdHUV aQd RWKHU VWaNHKROdHUV.

FigXre 1: ScKHPaWLc RI caXVaO cKaLQV RI LQdLcaWRUV aQd bHQHILW-UHOHYaQW LQdLcaWRUV. From OOaQdHU, L.P.,
JRKQVWRQ, R.J., TaOOLV, H., KaJaQ, J., MaJXLUH, L.A., PROaVN\, S., UUbaQ, D., BR\d, J., WaLQJHU, L. aQd
PaOPHU, M., 2018. BHQHILW UHOHYaQW LQdLcaWRUV: EcRV\VWHP VHUYLcHV PHaVXUHV WKaW OLQN HcRORJLcaO aQd
VRcLaO RXWcRPHV. Ecological Indicators, 85, SS.1262-1272.

WRUNVKRS SaUWLcLSaQWV VaZ YaOXH LQ caXVaO cKaLQV aV a SRWHQWLaO Za\ WR dHVcULbH aQd OLQN
dLYHUVH caWHJRULHV RI LPSacWV, HVSHcLaOO\ IRU OLQNLQJ VRcLaO aQd HcRORJLcaO dRPaLQV. MRQLWRULQJ
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ZLWK WKH caXVaO cKaLQV LQ PLQd OHd WR WZR LQVLJKWV WKaW Pa\ bH UHOHYaQW IRU NSB QHWZRUN
PRQLWRULQJ:

Ɣ WKHQ PaNLQJ dHcLVLRQV abRXW ZKaW WR PRQLWRU, VSHcLaO
cRQVLdHUaWLRQ VKRXOd bH JLYHQ WR WKH SRVVLbLOLW\ RI
PHaVXULQJ UHOaWLRQVKLSV. FRU H[aPSOH, LQVWHad RI RQO\
PHaVXULQJ cKaQJHV LQ bLRPaVV, LW caQ bH KHOSIXO WR aOVR
HYaOXaWH KRZ cKaQJHV LQ bLRPaVV LQIOXHQcH VSLOORYHU RI
NH\ VSHcLHV, cKaQJHV LQ caWcK SHU XQLW HIIRUW (CPUE), aQd
SHUcHSWLRQV RI ILVKHUV abRXW OLYHOLKRRd LPSacWV RI MPAV.

Ɣ CaXVaO cKaLQV caQ bH XVHd aV a SOaQQLQJ WRRO WR dHYHORS
K\SRWKHVHV abRXW MPAN RXWcRPHV WKaW caQ bH WHVWHd
XVLQJ PRQLWRULQJ daWa. IQ SaUWLcXOaU, WKH VcKHPaWLc
dLaJUaPV RI LQdLcaWRU cKaLQV caQ KHOS WR cRQVLdHU
PHcKaQLVPV aQd WLPHOLQHV IRU VRcLaO-HcRORJLcaO cKaQJH.

IQ addLWLRQ, ZRUNVKRS SaUWLcLSaQWV SRLQWHd RXW WKaW LQdLcaWRUV
aORQJ a caXVaO cKaLQ caQ bH LQIRUPHd b\ PXOWLSOH VRXUcHV RI
LQIRUPaWLRQ. FRU H[aPSOH, bLRPaVV caQ bH PHaVXUHd (YaOLdO\)
WKURXJK cRPPXQLW\ SHUcHSWLRQV, CPUE, aQd RWKHU PHWULcV, WR
SURYLdH bURadHU LQVLJKWV (aV HOabRUaWHd RQ LQ SRLQW QXPbHU 4
ZLWKLQ WKLV VXPPaU\). OYHUaOO, XVLQJ caXVaO cKaLQV caQ KHOS WR
HVWabOLVK a WLJKWHU IRcXV RI PRQLWRULQJ HIIRUWV RQ LQdLcaWRUV WKaW caSWXUH WKH PRUH KROLVWLc aQd
LQWHUUHOaWHd VRcLaO aQd HcRORJLcaO LPSacWV RI WKH MPAN WKaW caQ bH PRUH XVHIXO IRU LQIRUPLQJ
dHcLVLRQ PaNLQJ.

3. SWandardi]e MoniWoring IndicaWors and Approaches

SWaQdaUdL]aWLRQ RI PRQLWRULQJ caQ bH HVVHQWLaO IRU HQabOLQJ QHWZRUN-ZLdH HYaOXaWLRQ.
SWaQdaUdL]aWLRQ caQ UHIHU WR bRWK WKH LQdLcaWRUV WKaW aUH aVVHVVHd aQd WKH PHWKRdV IRU daWa
cROOHcWLRQ. SHYHUaO ZRUNVKRS SaUWLcLSaQWV HPSKaVL]Hd WKH LPSRUWaQcH RI UHSHaWabLOLW\ aQd WKH
YaOXH RI KLJK TXaOLW\ daWa aV RSSRVHd WR ORZHU TXaOLW\ RU RSSRUWXQLVWLc daWa WKaW Pa\ QRW bH
aSSOLcabOH RU cRPSaUabOH IRU QHWZRUN-VcaOH HYaOXaWLRQV. AddLWLRQaO SRLQWV abRXW VWaQdaUdL]aWLRQ
UaLVHd b\ SaUWLcLSaQWV LQcOXdHd:

Ɣ IQ RUdHU WR aVVHVV QHWZRUN LPSacWV, LW ZLOO bH LPSRUWaQW WR dHWHUPLQH WKH aSSURSULaWH
VcaOHV IRU PRQLWRULQJ, ZKLcK caQ YaU\ dHSHQdLQJ RQ WKH YaOXH RU SURcHVV RI LQWHUHVW,
VXcK WKaW a PXOWLVcaOH aSSURacK Pa\ bH QHHdHd,

Ɣ MLVPaWcKHV RI VcaOH bHWZHHQ VRcLaO aQd HcRORJLcaO LQdLcaWRUV aUH cRPPRQ aQd UHTXLUH
IRUHWKRXJKW abRXW ZKLcK RQHV SaLU bHVW ZLWK UHVSHcW WR VSaWLaO aQd WLPH VcaOHV,

Ɣ CRQVLVWHQc\ LQ WKH VHaVRQaO WLPLQJ RI daWa cROOHcWLRQ ZLOO PaWWHU IRU PaQ\ HcRORJLcaO aQd
VRcLaO LQdLcaWRUV,

Ɣ IW Pa\ bH adYaQWaJHRXV WR cR-ORcaWH PRQLWRULQJ RI dLIIHUHQW LQdLcaWRUV aW WKH VaPH VLWHV
WR VXSSRUW aQaO\VHV aQd XQdHUVWaQdLQJ RI caXVaO UHOaWLRQVKLSV bHWZHHQ LQdLcaWRUV
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VXbMHcW WR WKH VaPH H[WHUQaO LQIOXHQcLQJ IacWRUV aW HacK VLWH (H.J., WHPSHUaWXUH,
OaQd-baVHd LQSXWV), aQd

Ɣ TKHUH LV YaOXH LQ cRRUdLQaWHd PRQLWRULQJ acURVV WKH QHWZRUN (H.J., YLa IQdLJHQRXV
GXaUdLaQV) WR H[WHQd caSacLW\ IRU PRQLWRULQJ LQ UHPRWH UHJLRQV aQd VXSSRUW LQcOXVLYH aQd
cROOabRUaWLYH JRYHUQaQcH.

4. ImplemenW ParWicipaWor\ and TransparenW MoniWoring Processes

CRRUdLQaWLRQ aQd HQJaJHPHQW aPRQJ aOO MPA JRYHUQaQcH SaUWQHUV aQd VWaNHKROdHUV LV
HVVHQWLaO IRU WKH dHYHORSPHQW RI WUaQVSaUHQW PRQLWRULQJ SURcHVVHV. WKLOH a ORW RI IRcXV IRU
PRQLWRULQJ SURJUaPV UHOaWHV WR what WR PRQLWRU (L.H., LQdLcaWRUV aQd PHWULcV), LW caQ bH HTXaOO\
LPSRUWaQW WR cRQVLdHU where aQd how WR PRQLWRU, aV ZHOO aV who dRHV WKH PRQLWRULQJ.
IQWHUSUHWaWLRQ RI MPAN RXWcRPHV ZLOO bH LQIOXHQcHd b\ WKH VLWHV cKRVHQ aQd WKH H[SHcWHd
UHVSRQVH WLPHOLQHV aQd PaJQLWXdHV IRU HacK LQdLcaWRU JLYHQ WKH cRQWH[W RI HacK MPA VLWH. OI
SaUWLcXOaU HPSKaVLV IRU ZRUNVKRS SaUWLcLSaQWV, WKRXJK, ZaV WKaW NSB PRQLWRULQJ VKRXOd aOVR
cRQVLdHU WKH LQWHQdHd KXPaQ µbHQHILcLaULHV¶ RI WKH QHWZRUN (aV ZHOO aV RWKHU SHRSOH ZKR ZLOO bH
LPSacWHd) aQd ZKaW WKH\ ZRXOd OLNH WR VHH PRQLWRUHd. FLUVW NaWLRQV aV ZHOO aV RWKHU XVHU JURXSV
(H.J., UHcUHaWLRQaO aQd cRPPHUcLaO ILVKHUV) VKRXOd bH IXOO SaUWLcLSaQWV LQ dHcLVLRQ-PaNLQJ
SURcHVVHV IRU SULRULWL]LQJ ZKaW WR PRQLWRU. FXUWKHU, FLUVW NaWLRQV ULJKWVKROdHUV aQd RWKHU XVHU
JURXSV caQ bH LPSRUWaQW cRQWULbXWRUV WR cROOabRUaWLYH, cRRUdLQaWHd PRQLWRULQJ aSSURacKHV,
SaUWLcXOaUO\ LQ WKH UHPRWH UHJLRQV OLNH WKH NSB ZKHUH cRPPXQLW\-baVHd PRQLWRULQJ LV H[SHcWHd
WR SOa\ a OaUJH UROH RQ RYHUaOO MPAN PRQLWRULQJ HIIRUWV.

5. Design MoniWoring and EYalXaWion ZiWh EqXiW\ in Mind

ETXLW\ aQd MXVWLcH ZHUH dLVcXVVHd b\ ZRUNVKRS SaUWLcLSaQWV aORQJ VHYHUaO dLPHQVLRQV.
WRUNVKRS SaUWLcLSaQWV HPSKaVL]Hd WKH LPSRUWaQcH RI cRQVLdHULQJ HTXLW\ LQ WHUPV RI (1) dHcLdLQJ
ZKaW LQdLcaWRUV WR PRQLWRU WKaW UHIOHcW cRPPXQLW\ cRQcHUQV aQd LQWHUHVWV (L.H., RI aOO FLUVW NaWLRQV
aQd XVHU JURXSV), (2) dHcLdLQJ KRZ aQd ZKR WR PRQLWRU WR XQdHUVWaQd WKH VRcLaO HIIHcWV RI
MPANV (SRVLWLYHO\, QHXWUaOO\, RU QHJaWLYHO\), aQd (3) KRZ XVHU aQd cRPPXQLW\ SHUcHSWLRQV abRXW
cKaQJH RU HIIHcWLYHQHVV RI MPAV aOLJQV (RU dRHVQ¶W) ZLWK WKH UHVXOWV RI VRcLaO aQd HcRORJLcaO
LQdLcaWRU PRQLWRULQJ. A IHZ H[aPSOHV KHOSHd WR LOOXVWUaWH dLVcXVVLRQV dXULQJ WKH ZRUNVKRS. FLUVW,
LQ WHUPV RI VRcLaO LPSacWV IURP WKH MPAN, ZLOO aOO cRPPXQLWLHV ZLWKLQ WKH NSB UHJLRQ bH
PRQLWRUHd? HRZ ZLOO HIIHcWV RQ FLUVW NaWLRQV ZKR ZHUH QRW LQYROYHd LQ WKH SOaQQLQJ aQd
HQdRUVHPHQW SURcHVV bH PRQLWRUHd aQd HYaOXaWHd? SHcRQd, WKH LVVXH ZaV aOVR UaLVHd WKaW
VRcLaO PRQLWRULQJ caQ bH WLPH-LQWHQVLYH IRU PHPbHUV RI WKH cRPPXQLWLHV RI LQWHUHVW aQd caQ
cUHaWH a bXUdHQ WKaW OHadV WR µcRQVXOWaWLRQ IaWLJXH¶, SaUWLcXOaUO\ ZKHQ WKH\ aUH QRW cRPSHQVaWHd
IRU WKHLU WLPH. FLQaOO\, SaUWLcLSaQWV aOVR dLVcXVVHd WKH LPSRUWaQcH RI PRQLWRULQJ WR aVVHVV WKH
HTXLWabOH dLVWULbXWLRQ RI bHQHILWV aQd LPSacWV IURP WKH MPAN. TKLV dLVWULbXWLRQ RI HIIHcWV Pa\ bH
PHaVXUHd WKURXJK cKaQJHV LQ IRRd VHcXULW\, ILVKHULHV caWcK SHU XQLW HIIRUW, RSSRUWXQLWLHV aQd
UHYHQXHV IURP WRXULVP aQd UHcUHaWLRQ, cRQWLQXLW\ RU UHbXLOdLQJ RI cXOWXUaO SUacWLcHV (IQdLJHQRXV
aQd RWKHU cRPPXQLWLHV), aQd SHUcHSWLRQV abRXW WUXVW aQd HPSRZHUPHQW.
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6. BXild on E[isWing Work WiWhin Whe Region

SHYHUaO ZRUNVKRS SaUWLcLSaQWV ZHUH KLJKO\ IaPLOLaU ZLWK WKH NSB aQd SRLQWHd RXW WKaW WKHUH LV a
JRRd aPRXQW RI PRQLWRULQJ aQd UHVHaUcK aOUHad\ XQdHUZa\ ZLWKLQ WKH UHJLRQ WKaW VKRXOd VHUYH
aV a IRXQdaWLRQ IRU WKH dHYHORSPHQW RI a MPAN PRQLWRULQJ SURJUaP.
FRU LQVWaQcH, WKH MaULQH POaQ PaUWQHUVKLS (MaPP) KaV aOUHad\ LdHQWLILHd 14 NH\ LQdLcaWRUV RI
HcRORJLcaO, VRcLaO, aQd HcRQRPLc LPSRUWaQcH LQ WKH UHJLRQ aQd KaYH LQLWLaWHd PRQLWRULQJ RI VRPH
RI WKHVH LQdLcaWRUV aV SaUW RI WKH LPSOHPHQWaWLRQ RI UHJLRQaO aQd VXb-UHJLRQaO PaULQH SOaQV.
OWKHU HQWLWLHV LQcOXdLQJ acadHPLc UHVHaUcKHUV, NGOV, aQd cRPPXQLWLHV, aUH aOVR PRQLWRULQJ
RWKHU IHaWXUHV LQ VRPH RU aOO RI WKH UHJLRQ. A cULWLcaO H[HUcLVH WR LQIRUP PRQLWRULQJ SOaQV IRU WKH
NSB QHWZRUN ZLOO bH WR PaS RXW aOO H[LVWLQJ PRQLWRULQJ aQd UHVHaUcK acWLYLWLHV ZLWKLQ WKH UHJLRQ
WKaW cRXOd bH bXLOW XSRQ - a WaVN WKaW LV cXUUHQWO\ LQ SURJUHVV aQd bHLQJ OHd b\ PHPbHUV RI WKH
NSB SOaQQLQJ WHaP ZLWKLQ DFO.

7. Consider MXlWiple KnoZledge S\sWems Wo Inform IndicaWors

PaUWLcLSaQWV KLJKOLJKWHd WKH SRWHQWLaO IRU, aQd YaOXH RI, dUaZLQJ RQ PXOWLSOH VRXUcHV RI
NQRZOHdJH aQd LQIRUPaWLRQ WR LQIRUP PRQLWRULQJ aQd HYaOXaWLRQ RI LQdLcaWRUV. WLWK WKH MaULQH
POaQ PaUWQHUVKLS IRU WKH NRUWK PacLILc CRaVW (MaPP) aQd GXaUdLaQV SURJUaPV ZHOO HVWabOLVKHd
ZLWKLQ WKH NSB UHJLRQ, WKHUH aUH cRQVLdHUabOH RSSRUWXQLWLHV IRU aQd bHQHILWV IURP WaNLQJ a
WZR-H\Hd VHHLQJ aSSURacK WR PRQLWRULQJ (H.J., RHLd HW aO. 2021). TR WKLV HQd, VHYHUaO ZRUNVKRS
SaUWLcLSaQWV HPSKaVL]Hd WKH LPSRUWaQcH RI VHOHcWLQJ dLYHUVH LQdLcaWRUV WKaW UHSUHVHQW dLIIHUHQW
Za\V RI NQRZLQJ abRXW cKaQJH IRU a JLYHQ YaOXH RI LQWHUHVW (H.J., abXQdaQcH aQd bLRPaVV,
aPRXQW RI cRPPXQLW\ caWcK RI NH\ VSHcLHV RI cXOWXUaO RU VXbVLVWHQcH LPSRUWaQcH, SHUcHSWLRQV RI
abLOLW\ WR PHHW VXbVLVWHQcH QHHdV, aQd VKLIWLQJ QaUUaWLYHV abRXW WKH TXaOLW\ RI caWcK cRPSaUHd WR
KLVWRULcaO caWcKHV aV dLIIHUHQW VRXUcHV RI LQIRUPaWLRQ RQ ILVK SRSXOaWLRQV aQd WKH HcRV\VWHP
bHQHILWV WKH\ SURYLdH). CROOHcWLQJ PXOWLSOH W\SHV RI LQdLcaWRUV IRU aQ\ JLYHQ YaOXH aOVR SURYLdHV
WKH RSSRUWXQLW\ IRU addLWLRQaO LQVLJKWV WKURXJK cRPSaULVRQ WR XQdHUVWaQd ZKHWKHU
cRPSOHPHQWaU\ LQdLcaWRUV aUH dLYHUJHQW RU WUHQdLQJ LQ WKH VaPH dLUHcWLRQ, aQd ZK\ WKLV PLJKW
bH. FRU H[aPSOH, ZKHQ bRWK HcRORJLcaO aQd OLQNHd VRcLaO LQdLcaWRUV aUH dRLQJ SRRUO\, addLWLRQaO
PaQaJHPHQW RI HQYLURQPHQWaO IacWRUV Pa\ bH QHHdHd. OQ WKH RWKHU KaQd, ZKHUH WKHUH aUH
SRVLWLYH VLJQaOV LQ HcRORJLcaO YaULabOHV SaLUHd ZLWK QHJaWLYH VLJQaOV LQ VRcLaO YaULabOHV, addLWLRQaO
cRPPXQLW\ aQd UHVRXUcH XVHU RXWUHacK, HdXcaWLRQ, aQd HQJaJHPHQW Pa\ bH PRUH SURdXcWLYH .

8. Consider Timing of OXWcomes and Manage E[pecWaWions

WKLOH SHUcHSWLRQV RI MPAN RXWcRPHV aUH cULWLcaO, VHYHUaO ZRUNVKRS SaUWLcLSaQWV HPSKaVL]Hd
WKaW WKH SXbOLc aQd WKRVH ZKR OLYH aQd ZRUN LQ WKH NSB Pa\ QRW IXOO\ aSSUHcLaWH WLPHOLQHV IRU
HcRORJLcaO UHcRYHU\ aQd cKaQJH. IW caQ bH LPSRUWaQW WR VHOHcW a PL[ RI LQdLcaWRUV WKaW ZLOO dHWHcW
HaUO\, PHdLXP, aQd ORQJ WHUP UHVSRQVHV. MRUH LPPHdLaWH RXWcRPHV aUH OLNHO\ WR bH VRcLaO, aQd
WKH\ ZLOO RccXU HYHQ bHIRUH a MPAN LV HVWabOLVKHd (H.J., cRQIOLcW, cRPPXQLW\ cRKHVLRQ). TKH
LPPHdLaWH HIIHcW RI HVWabOLVKLQJ a MPAN ZLOO aOVR bH VRcLaO bHcaXVH WKaW LV ZKHQ accHVV LV
aIIHcWHd IRU ILVKLQJ aQd RWKHU acWLYLWLHV.
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WRUNVKRS SaUWLcLSaQWV aOVR SRLQWHd RXW WKaW a OacN RI cKaQJH LQ cHUWaLQ NH\ LQdLcaWRUV (H.J.,
bLRPaVV) dRHV QRW QHcHVVaULO\ PHaQ WKaW WKH MPAN LV IaLOLQJ WR PHHW RbMHcWLYHV. TKH OacN RI
cKaQJH Pa\ RccXU LI a VLWH ZaV QRW KHaYLO\ LPSacWHd b\ KXPaQ acWLYLWLHV OLNH ILVKLQJ SULRU WR MPA
HVWabOLVKPHQW, RU LI H[WHUQaO IacWRUV (H.J., EO NLxR HYHQWV) aUH LQIOXHQcLQJ WKRVH YaULabOHV. WLWK
WKLV aZaUHQHVV, WKH WLPHOLQHV IRU PRQLWRULQJ aQd HYaOXaWLRQ caQ bH aOLJQHd ZLWK WLPHOLQHV RI
H[SHcWHd bHQHILWV RI MPAV. FRU H[aPSOH, RQH aSSURacK VXJJHVWHd dXULQJ WKH ZRUNVKRS ZaV WR
cROOHcW daWa UHJXOaUO\ aQd IRU a ORQJ WLPH aW VHOHcW VLWHV, aQd WKHQ add 'dHHS dLYHV' LQWR daWa
cROOHcWLRQ aW ORQJHU LQWHUYaOV (L.H., 5, 10, 15, 20 \HaUV) baVHd RQ ZKaW LV NQRZQ abRXW PaULQH
HcRV\VWHP UHcRYHU\ WLPHOLQHV.

FRU WKHVH UHaVRQV, LW caQ bH LPSRUWaQW WR cRPPXQLcaWH K\SRWKHVHV abRXW H[SHcWHd cKaQJHV
aQd aVVRcLaWHd WLPHOLQHV. CaXVaO cKaLQV caQ aOVR aVVLVW ZLWK cRPPXQLcaWLQJ WKHVH K\SRWKHVHV
aQd ZK\ cHUWaLQ VRcLaO aQd HcRORJLcaO cKaQJHV caQ WaNH ORQJHU WR HPHUJH aV SRVLWLYH RXWcRPHV.
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