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About this Paper

Established in September 2018, the High Level Panel for a Sustainable Ocean Economy (HLP) is a unique
initiative of 14 serving heads of government committed to catalysing bold, pragmatic solutions for ocean
health and wealth that support the Sustainable Development Goals of the United Nations and build a better
future for people and the planet. By working with governments, experts and stakeholders from around the
world, the HLP aims to develop a roadmap for rapidly transitioning to a sustainable ocean economy and to
trigger, amplify and accelerate responsive action worldwide.

The HLP consists of the presidents or prime ministers of Australia, Canada, Chile, Fiji, Ghana, Indonesia,
Jamaica, Japan, Kenya, Mexico, Namibia, Norway, Palau and Portugal, and it is supported by an Expert
Group, Advisory Network and Secretariat that assist with analytical work, communications and stakeholder
engagement. The Secretariat is based at the World Resources Institute. The HLP has commissioned a
series of ‘Blue Papers’ to explore pressing challenges at the nexus of the ocean and the economy. These
papers summarise the latest science and state-of-the-art thinking about innovative ocean solutions in the
technology, policy, governance and finance realms that can help accelerate a move into a more sustainable
and prosperous relationship with the ocean.

This paper is part of a series of 16 papers to be published between November 2019 and October 2020. It
addresses how multiple human impacts will impact biodiversity underpinning ecosystem services such

as marine fisheries, aquaculture, coastal protection and tourism. The paper examines the distribution of
marine species and critical marine habitats around the world; analyses trends in drivers, pressures, impacts
and response; and establishes thresholds for protecting biodiversity hot spots, and indicators to monitor
change. From this scientific base, it assesses the current legal framework and available tools for biodiversity
protection, current gaps in ocean governance and management and the implications for achieving a
sustainable ocean economy tailored to individual coastal states grouped by social indicators.

This Blue Paper is an independent input to the HLP process and does not represent the thinking of the HLP,
Sherpas or Secretariat.

Suggested Citation: Rogers, A., O. Aburto-Oropeza, et al. 202ritical Habitats and Biodiversity: Inventory,
Thresholds and Governancé/ashington, DC: World Resources Institute. Available online at
www.oceanpanel.org/blue-papers/critical-habitats-and-biodiversity-inventory-thresholds-and-governance.
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Foreword

The High Level Panel for a Sustainable Ocean Economy (HLP) commissioned us, the co-chairs of the HLP Expert Group
(a global group of over 70 content experts), to organize and edit a series of ‘Blue Papers’ to explore pressing challenges
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statements and pledges or recommendations for action.

Marine biodiversity is being lost at an unprecedented rate as a result of human activities, both direct and indirect, on land
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The loss of marine biodiversity impacts livelihoods and food security and jeopardises human health and security—today
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argument for the need to conserve critical habitats in the context of planning for a sustainable ocean economy.
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Key Messages

f Evidence suggests that ocean biodiversity at all levels is being lost as a result of the direct and indirect
impacts of human pressures. The main drivers of biodiversity loss are overexploitation and human
+- ..0-.%) *./" )1$-*)( ). p 1 '*+( )OO # $// '*..0 +*''0/$*)O $./0- )
S(/ #)" ) * ) & $f /$*) - ) 28" -$1 - *1 $* $1 -.$/4 '*.. .+
coastal ecosystems.

f Despite advances in understanding the distribution of species and habitats in the ocean, many aspects
1 (-%) $* $1 -.%$/4 - () +**-'4 0) -./** N . - .0'/O0 # )" .$%$) (-%) $*
to ascertain and there is a critical need to establish current baselines and trends through survey and
monitoring activities.
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Biology and Ecosystems Panel of the Global Ocean Observing System (GOOS BioEco), the Group on Earth
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percent of key marine ecosystems are represented in fully or highly protected and implemented MPAs.
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for some habitats, no countries have placed them in fully protected MPAs. Hence, opportunities abound
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legally binding instrument on the conservation and sustainable use of biological diversity of areas beyond
national jurisdiction (BBNJ) is essential.
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alternate economically viable options for employment.
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in an alternative and less productive state. Recognising such tipping points and incorporating them as
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functioning and resilience of marine ecosystems.
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needs for food, nutrition and livelihoods are met in coastal communities; and better incorporation
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1. Overview
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have had on marine ecosystems in the global ocean
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exclusive economic zone (EEZ) of countries and in areas  but complementary tool to supplement an existing MPA
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exploitation is expanding largely unchecked even f Y/ $t4 /# - ) *L( .0-.0) -/ &) 4
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) . protect and address loss of marine biodiversity and
The High Level Panel for a Sustainable Ocean Economy 4 g- 1$1 ) N
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2. An Inventory of Marine
Habitats and Biodiversity

non-extracted taxa, and larger organisms tend to be
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Box 1. Estimating Global Patterns of Biodiversity
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accepted marine and non-fossil species.

Notes: a. OBIS, http://www.iobis.org; b. UNESCO-IOC, http://ioc-unesco.org/; c. GBIF, http://www.gbif.org; d. FishBase, http://www.fishbase.org;
e. COPEPOD, http://www.st.nmfs.noaa.gov/plankton; f. Jellyfish Database Initiative, http://people.uncw.edu/condonr/JeDI/JeDIl.html; g. IUCN,
http://www.iucnredlist.org/technical-documents/spatial-data; h. ITIS, http://www.itis.gov; i. WORMS, http://www.marinespecies.org; j. for more
information see WORMS.




Figure 1. Global Patterns of Biodiversity and Habitat Richness
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Source: Authors.

Critical Habitats and Biodiversity | 9
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Table 1.Spatially Referenced Habitat Data for Coastal and Oceanic Ecosystems Included in the Habitat Diversity Analysis

HABITAT TIME SPAN DATA TYPE SOURCE

Estuaries $"" % Polygon - p$""%ged+ / 4 c
Mangroves #++)es""" Polygon $-$ / 'N p$"##qgeO+ / 4
Saltmarsh #+)%e$"#' Point 2) / 'N p$"#)geO+ / 4
Seagrasses H+%8&e$"#' Polygon c ) #*-/ p$"#*q

Coral reefs #H+'&e$"#* Polygon c /I 'N p$"#*q

Kelp forests NA Point Jorge Assis, research in progress

Shelf valley and canyons #+'"e$""+ Polygon --$. / 'N p$"#&q

Cold coral reefs #+#'e$"#& Point -$2 "' / 'N p$"#)qeO+ [/ 4
Seamounts and guyots #+'"e$""+ Polygon --$. | 'N p$"#&q

Trenches #+'"e$""+ Polygon --$. | 'N p$"#&q

Hydrothermal vents #++8&e$"H#+ Point )?_I$ ? )_ q5 t-).&3 p3T#ra p )
Ridges #+'"e$""+ Polygon --$. | 'N p$"#&q

Source: Authors.

Figure 2. Global Habitat Diversity
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Note: Habitat diversity calculated with Shannon-Wiener diversity index for habitats studied. Habitat diversity is displayed for 1,000-kilometre pixels.

Source: Authors.
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3. Biodiversity Loss

3.1 Evaluating the Loss of Species o0 S0 ()2 S IS
2$/# (*- I# ) #" .+ $ . .. .. N #$'.I# . |
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Figure 3. IUCN Red List Threat Categories for Marine Species
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Note: These taxa have more than 10 species assessed. Data deficient (DD) species are depicted between the threatened categories (CR = critically
endangered; EN = endangered; VU = vulnerable) and non-threatened categories (NT = not-threatened; LC = least concern). EX = extinct in the wild.

Numbers on the right of the bars represent the total number of species assessed per taxon group.

Source: Authors.
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Figure 3. Proportion of Invertebrate Species Assessed on the IUCN Red List Compared to the Total Number of Species
Currently Described on the World Register of Marine Species
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Figure 4. The Proportion of the Threatened Species of Each Taxon Affected by Different Drivers of Extinction Risk
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Note: The percentage is reported within each cell. Threatened species out of those assessed for each taxon were: 5 out of 16 Hydrozoa; 226 out of 868 Anthozoa; 58 o
of 831 Gastropoda; 5 out of 52 Cephalopoda; 16 out of 371 Holothuroidea; 197 out of 1,085 Chondrichthyes; 334 out of 8,200 Actinopterygii; 19 out of 95 Reptilia; 177
out of 868 Aves; 37 out of 137 Mammalia. Note that drivers are drawn from the IUCN (2019) Red List. Several drivers are o en listed for an individual species.

Source: IUCN Red List.

Critical Habitats and Biodiversity | 17



Agreement and the Code of Conduct for Responsible /1$1%/4 - /%" $)" 1*-(0" / 4 /# ) -) I3

Fishing (CCRF) by the Food and Agricultural Organization O/#*-%/4 p q *!' /# )$/ /$*).N # [#
of the United Nations (FAO) all highlight biomass /# . ( .0- . 28" .0$ $ ) I* +-* [ 1)c)
at maximum sustainable yieldg ) as a target for S 28 (- )" LR (1 # [. %1 3+'*$/
0./ %) " f.# - . ()" ()N ) - .0./ $fseabed massive sulphides remains to be seen (Durden
management regime, it is possible to reduce a stock /" 'N $"#*Q .# 0-) / 'N $"#+qgN

.$5 /¥ '*2 "1 ', 2#$% # 2*0' /-$"" -

S$)
S k- & L I#- 1) 28/#% 3/$) /$ 258§,sthe arine vertebrate taxa assessed (except

the or driver of extinction risk is resource
D %"

$./ -8$/ -8$*) *! '$) $) +*+0° . o . .
- t# -8 ()" () -t -) +TE) $) ) */$#)/ $/) L; $/)#$'()/C. )/#p;;.o_ ;:EN$
# 01* & ) 18" 3+'*$/ p $ ) " ").aN . .
S I#S. # . ) .0 % [ *! I p. 3 $) ) - i (/)/ fflf /:"#81 4N( . '/$!o/'#

$71)a0 (*- - )/ /0 S # L (*).1 érgerspeues at hlghe(rtr)ophlc levels ﬁave beeqn :
that conservation metrics as assessed by Red List criteria . o
"y 2 288 t# -8 . (). x e 0¥ F nelo 4 3TUTSIIST) 24 TH - #$THC

ﬁrge& %oeges or because they are taken incidentally
4 [ #0 ) ()4 # 1 .#*2) . # -+ '$)
#-$./ ). ) / 'N $"#&Q 0 5* |/ 'N $"#&Q
or extirpation risk and occurrences of disagreement N ,$ #')qN 2 3*-(,3*/# IO sl n®) $
12 ) 1% 2% +4-% # . - - - p 18 . ) oyl 9 - - fE S ) ()4
$°#$Q -)) . / 'N $"#)gN # “ .|nveréefbra,tei because catch data poorly documents
$ )ISf /#S.$..0 $) /# "0 '$) . I*- them t the species level. Despite little evidence
3/$) /$%) -$.& -$/ -$ p $"#)qN thaF ov.erexplonatlon.or pycatch have causgd gIo-baI.
extinctions, local extinctions and commercial extinctions
-$)1 -/ -1 O I# (*. .$")SF ) I#- ] pE)(2HB H# .+ $ . $. - O [* 1" ] 2#$ #

1$ . ) O( $"#$Q ~-) ) . [/ 'N $"#)q
$/ ) *)'0 I# 1 1#- 1 [ "*-$ . $ )/$f
through the Red List criteria do not exaggerate extinction

/3 2. $*'*"$ ' - *0- 0. p $"0- &qOogernimércially viable) are much more common

*1 - 3+'*$/ /$*F) L +*+0" [/$*F). [#-*0"# $p D'LAHB)'N $""%gN ) $/$*)0 *1 - 3+'*$/ /
(Holothuroidea), bycatch (Cephalopoda) or for shell dramatically reduced the abundance of numerous

collecting (Gastropoda). For sessile taxa, Anthozoa S 2% 28 O - ) (' p o' 4 |/
and Hydrozoa, drivers of extinction risk are evenly 'N $"#'qO0 0. " -" - )" *)[- [$*). p *-( )
$./-% 0/ (*)"./ (0'/$+" -$1 -.0 - g [$W/] YA $"##q ) $(+ [/ 4 (..p - )

of anthropogenic stressors in coastal ecosystems. The 4 -. $""'gN [ /# *4./ ("1 '0*1L - 3+'"*$//
assessed Gastropoda are also predominantly coastal, #oo1-$"" - [-F+#S$ . .pr-() 4 -,

) I#$.$. -9 [/ $)/# - - )" 1 -$1"%Q! - )& [/ 'N $""'Q .& '*1 |/ 'N $"")qO
extinction risk in this taxon. Other contributing factors [*1 " *((0)$%/4 $*(..p - ) 4 -.3%""'q )

to extinction risk included small geographic range (e.g., # $// ./1-0 /0- p #-0.# ) 4/*) $""$C
) #.Q [ -. 1 'N $"#%qO '$! #$./*-'4-& [F-'Np NHENON $/#3%) .+ $ .0 $/ Lo

+# '"F+* O *F/#0-*$ Q -0 &) - [/ 'N"$)"PEQ $1 -.$/4 ) $) O 1*'0/%$*) -4 /.
EY)., ) %' ) 01 $"t"(g ) #$"# O *(( - '$).w4 ) '0( $ $"#&Q $)* / 'N $"#'Q O-
p N"NO *'*/#0-*$ Q 0- ' [/ 'N $"#&qN L Br) # ] $UH)QO  KI# KL 2#$ # ) +*] )]
I# 1 1# f-.0 . o) *UIT#- ] V- +c. reffigesthé capacity of populations to adapt to threats
# . %0./ * 0-- O 2%/# /# f-./ *! #& #4 -Q#t-("'$(/ # )" p'.$ & [/ 'N $"$"gN
vent invertebrates (a snail) being listed as ‘endangered’

LI - x| + _ + - * | n '
D $°2 -/ | N $"#+qN #$. .. ..() 2 . %) #23)g)0f L.+ $. [ *1 #$"#cl ‘0
. . *).0( - ( & [N . 2$/# [# ' *I#0-*$ p O-
the small geographic range and number of populations
. . . /" 'N $"#&qO "- [ - - -$/4 +0.# . /# $-1"'0
of this species, an attribute shared by other vent-
2#S # (). I# 1 I# 4 *)]$)0 /* .*0- 1) ¢

endemic taxa. Deep-sea mining is currently controversial,

* * _ ' * _* _ * () -
and regulations for environmental management of this [# 4 € $ 80 0 pr0-# (+ /

‘N $""(Q  *14 $/ # .*) | 'N $"#*qN 3 (A

18 | High Level Panel for a Sustainable Ocean Economy



Box 2. Fish Spawning Aggregations as Key Biodiversity Areas

Figure B2.1. A. Spawning aggregation of the camouflage grouper, Epinephelus polyphekadiom French Polyne-
sia (Photo © Yvonne Sadovy-Micheson). B. Gravid female camouflage grouper at spawning site (Photo © Stan
Shea). C. Orange roughyHoplostethus atlanticus a deep-sea species which aggregates around the summits and
upper flanks of seamounts for spawning when it is targeted for fishing (Photo © IUCN Seamounts Project, AD
Rogers).

To illustrate the importance of key
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colonies and turtle nesting beaches, they
can remain consistent from year to year
in time and space and are often appealing
targets for fishing because catchability can be
particularly high.
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Many medium- to large-sized demersal and
benthopelagic species in the global ocean
form temporary aggregations solely for the
purpose of reproduction; these gatherings
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months each year. Among temperate species,
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. for short or extended periods in small or
extensive areas, and are exploited at these
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pollock (Theragra chalcogrammpg Atlantic
cod (Gadus morhugand Atlantic mackerel
(Scomber scombrygo largehead hairtail
(Trichiurus lepturusand European pilchard
(Sardina pilcharduk
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declining to threatened status, including the Nassau group&p{nephelus striatus the totoaba croakerTotoaba
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Figure B2.2. Proportion of Invertebrate Species Assessed on the IUCN Red List Compared to the Total Number of Species
Currently Described on the World Register of Marine Species

Current Status M pecreasing Il Gone Increasing Same Unknown

Note: A total of 948 documented spawning aggregations are shown. The database is weighted towards tropical reef sh species and underrepresents non-reef and
temperate or polar regions.

Source: Science and Conservation of Fish Aggregations (database), https://www.SCRFA.org. Accessed 14 July 2019.
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Sources: a. Edgar et al. 2008; b. FAO 2018; c. Sadovy de Mitcheson 2016; d. Cheung et al. 2005; e. Erisman et al. 2015; Sadovy de Mitcheson 2016; f. van
Overzee and Rijnsdorp 2015; Sadovy de Mitcheson 2016.
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Box 3. The Global Risk to Marine Biodiversity
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Figure B3.1 Marine Biodiversity in Relation to Human Impacts
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Note: Map (A) and scatter plot (B) of the relationship between marine biodiversity and the human impact score. Each quadrant has been computed based
on the centroid of the relation in a log-log dimension. Colour shades are computed as the Euclideian distance of the geographical pixel from the centroid
of the relation. Sources: Based on Halpern et al. 2008 and Reygondeau 2019.

Sources: a. Halpern et al. 2008, 2019; b. Reygondeau 2019; c. Halpern et al. 2019; d. Jenkins and Van Houten 2016; e. Halpern et al. 2019; f. Jenkins and
Van Houten 2016; g. Halpern et al. 2019.
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Figure 5. Three Types of Positive Biodiversity-Ecosystem Functioning Relationships

Ecosystem functioning
Ecosystem functioning

9

V

Biodiversity Biodiversity loss

Notes: (A) Ecosystem functioning relationships: saturating (red), linear (black), and accelerating (blue). (B) Relationship between biodiversity loss and the three types
of biodiversity-ecosystem functioning relationships.

Source: Modified from Naeem 2002; Strong et al. 2015.
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Seagrasses, saltmarshes and mangroves are the three of natural kelp and macroalgal communities but also
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4. Thresholds and Tipping
Points

There are ecological thresholds and other reference *Yhel -(* ) 2 -($)" ) $ $f /$*)f .2 "
points that—if exceeded through the alteration of Lo3- (1)) # - *($)" (*- - ,0)/0
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over the reefs, thereby reducing reef coral recruitment. Oceans (Cury

Key interactions among four major tropical taxa— /" 'N $"##qN A minimum

'O ( -*'" O f.# ) 0- #%).f# 1 - |/ thresholdin prey precautionary

self-perpetuating process that locked reef ecosystems pf.# ) &-%$'"'0 .

into an alternative, nearly coral-free state (Travis et al. termed forage biomass of 40

$"#&QO *( /S( . /F"I# - 2%/# $) - . )0f:-8q)/.0) ) O

[5 0. ) 4 -+ 101 - "$( .#S . . $)" @l )/ /* percent of forage

[* ($ -*$ ' *(+*) ). p *5 /"N $"#(Q one-thifd ofNhe fISh IS requ”'ed to

$"#(Q )1 ' / 'N $"#(gN $($' -'40 $)makimutn(prey / )

0+2 "'$)" .4./ (O /# $)g0 ) 1 *1 -f.#$)"$*( ..0 2 .  SuUStain predators.

carnivores has favoured the increase in the biomass of 1*0) '*2

# - $1*- .0 2#% # .0 . ,0 )/'4 # )" 1#  2#G HO A # *

& '+ '*- /. p -5c /0. / 'N $"#)gN is the occurrence of consistently reduced and more
variable seabird breeding success. This threshold is also

4.2 Quantifying Tipping Points LO$1 " )/ I 14 *)y'cl -( 1 -" +-4 0) )

# *1 3 (+' . $70./-1 I# ) /* .0 )/@pfonstitutes an evolutionary stable strategy for
*)) I$1$/4 $) 1** 2 O + -1$ 0" -'4 [# mfl[in?..t}ic#gs*]'hisempiricallyderived guiding principle
predator-prey interactions in order to identify thresholds embraces the ecosystem approach to management
that push marine ecosystems past their tipping points. aimed at sustaining the integrity of predator-prey
$)/ - I$*). ) (-$) !** 2 N )2 'c*0()!
(" + "8 f.# 3 -/ (%*- *)/-*" *) |# dcobystens, this universal threshold can be revisited and
4) ($ . %1042 "$)" x4 (L) *)ASIOLA( [$( .+ Sg)t e 4 $f ey )
($ c/-*+#% ' 1'0 Y2 .4¢c2 $./Z +*+0' [$*))18-8)¢ )/ * *)./- $)/.0 .0 # . [# ,0 '$/4 *1 1*x* *.
‘N $"""Q &0) $""(gN # . .(''c ) ( SOMc.8%./) *! .+ $f - +-*0/$1 # $/ /. /[# | -

pelagic species are the primary food source of many S /Y $- . p 0SS (/1 1 "N $"#*qgN
(-%) (((O"-"=-f.#. ) . $-.0/-).l--8%)"
energy from plankton to larger predators. They also are - #S)T 1) -0 e 2 - (8)”

"S5 -vi- [*.8) (-8)  *.4. (01 $)) 0%x) B ST /T 28T F(+-H(S. -7
phytoplankton, zooplankton, and, in some cases, the - 1$*¥)0 28/# *- . ($)" %) - .$)"a - - ) -
-4t L # S+ [*-N 8" )$'4'*j.4:/p(* "#c 0 -t/ 'N$")gN *). .0 )/"40

(* O "* v (lc)'4.$.,0)/$f I# - p')(aigigsthat result in atmospheric levels of carbon

Dot f# $x( L * 0.0 $) U fL# +- /*__d%(id(eg ve 500 parts per million, appear extremely

ecosystems, including marine mammals (Pikitch et al. risky for the future of coral reefs. and shou!d be strongly

$"HSGN  ($)$(0( +- 0/$*) -4 $*( .. *I gvoided. M?Veover, near-future increases in local

SU0so v f# S - ,08- /% 0.0 $) +- [*-.N [ (+ -/0- * . '$//" . "N'z 2% - .0'1 %) /#
+-* /$1 ( #)S.(F - - L0 $)" Y /O 2#$ #

# .8 FxU# %1 - 3+'%$/ 1$*) *Imiy-increase the rate of degradation of local coral reefs

f.#$. +-/$0" -"4 [-$(C) " I*. $- .N $ $y2¥/# | "N $"#(qN # '*..  *1 *x"g ' _ §'¢ )

) .0 ./ )/$ " *L -t o+ ) (+ IS/$*) /2 ¥ .0! 0. *-' *1 - $) - .. (*- .'*2'4 -

+ "8 f#E -8 ) 0 8- - - )&+ - )o- ) L 07 tF2# ) *(+ /$/$1 ) - 1$*).

of all marine areas, notably in the Southern Ocean, 2%/# ( -* " *C(*- 1= ,0 ) ) v)" -0 $)

$).#'1.0 $/--) ) O *-2"%) @& /$*)N * - 0 [#*. $)/ - /$*).0 *-' - 1. - ,08$-

) '$1*-)$ ./ p - ($" 1 | "N $"#*qN higHe Jevels of grazing to exhibit recovery trajectories

*L/# 0 $1 -.8/4 ) *(+' 3%/4 1 /# 2% BsN-AD  *0/ &" + - )/ *U[/# - 1 $)" "- 5 Q * "#c

ecosystems and the multitude of adverse drivers in bird 0" -" [/ "N $"")gN $)/ $)$)" - .$'$ )/ - - 1.

declines, a striking pattern relating seabird breeding CB($ -4 - 0% L # -1 L S(SISF). ) (%) $)B)"

0 ) #S-f# -4 0) ) 2. 1%0) /W @#3S(0( $*( .. ! M- 5$)" f.# .+ S .+ 48)"

$- .+ $ . 2%/#$)/# ' )I$ O $f 0 ) &W#AE*)O .0 # . + --*/f.# p2$/# # -1 ./ '$($/ /$*)
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Lo g ) #Y + - ) *1 1$-"%) f.# ' $*(of.abrupt and irreversible climate change must compel
*($) O 2%/# ) )I*- ' .$5 - ./-% /$*politicgl*and economic action on carbon emissions
#) %" )I$(/- .9gp *5 /" 'N $"#(gN p )/*) | 'N $"#+qN

$.# -8 . ()" ()28 #1 [ *)$s - [/#

4.3 Fisheries Management , , ,
structuring role of key species, such as small pelagics

Perspective $) 0+2 "'$)" 4./ (. K- # - $1*-*0. f.# . $) *-
$/# '$( /1 #)" ) *1 - 3+'*$/ 1$*)0 .4yl (x 4./ (N * 1*$ - "$( .#$ .0 /#  *.4.]

are more vulnerable to changes that previously could be -k #2500 - T4 ) fL -k T#E$) - 1$*)
) (4.0 )4 #$ - 8- [* kil g4 1% '$($/ -1 -)  +%$)/.0 )
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$(+*..8 " p . [ "N $"#(qO .* /# |  +/§b plentiful $For example, the CCAMLR has the principle

2%-& *)'4 +xF-t4 o[ p $"#+dN embodied in its articles to ensure that target stocks and

their dependent and related species are all maintained
[ +-*0/$1 "1 '.p*).l ' $"##qN #$. # . ./
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+- 4 p *). ] " $"##gN $($' - ++-*
'- o. '/*()" f)yf.# $) /# ) -1$ p *).l

For sustainable exploitation and conservation, it is
crucial to fully appreciate the fact that ecosystems have
tipping points, identify the potential thresholds, and
implement them into management (Suding and Hobbs
$""+Q - 1$. / "N $"#&qN ) "* ' # )Ihatmj/
(0'/$+" ) *)*0) $)" ! [/*-. $)g0 ) /#
marine ecosystems. Reliable detection and attribution

appear to be fundamental to our understanding of $"##th llj i .ho I“ ST E h R
x4 ( #) . p $"#+q0 #*2 1 -0 /# apgrﬂac include technical measures to prevent the
_— _— S . (*- $/4*I'/*...)+/-'.$) *)"'$) fL# -
attribution of tipping points in ecosystem dynamics
- "*Y$ ) ) )/ - I$ Disdestickup

remains challenging. Overexploitation and climate
change can promote tipping points and can potentially
/' $) .4) -"4 2%/#%$) *.4./ (.0 9$) -
of irreversible changes. Marine conservation and
adaptive management approaches must consider
syvel (4 8. )0 2 -($)" ) $ $f /$)(4
5.0 $. -1 3/-( 1. 1% - +gi¥
in shaping ecosystems. The limitation of Gemissions ! /
appears to be a strong constraint in the preservation of .
(-$) *.4./ (.O .+$/ [# $$0'/4 ) - '#4${
-$. - ()1 - I.N *2 1 -0 /# "-*2%)" [#- |/

eliginoidesand Dissostichus mawsonriedman et al.
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employ observer programmes to estimate the bycatch
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5. Monitoring

Humans and climate change continue to impact the and mangrove forests) are considered to be essential
(-%$) 2*-* ) $/. - .*0- .N #0.0 2# ) 1'$Q /$0-$ ' . p  S$"#(gN ' ))$)" $. 0--)/'4
policy and management approaches, it is vital to 0) -2 4 1*-[# $) -) [$*) "4 **- 3) / )
be guided by indicators that can capture the status, Rt Y [2*%-& . I# T (0 .0- [#H . $FFU$ .N
[-) . ) -$1 -.*t*x Yy # [# p'r & [ 'Sudipl@h@ing includes (i) identifying existing data sets
$'*." 1% # / N $"#* Q 0 4) . |/ 'N $"#*qN ## [t R+ S L . Q p$sg - 1% 2%)"
main indicators used in marine conservation planning technological monitoring approaches and standard
relate to habitat extent, species diversity and extinction oo )" +-* 0 0- . "R 2%/# I# + $/4)
-$.&N 1 -/#"' ..0 ,0)/$'4%)" # $/ | 3/to)dse)hed/ and (iii) recommending approaches for
L8 $1 -.$/4%$. $ % 0'/ O. *L /# #$)Y# (/1 | *).*'$ [$*) $)f) 'O ..$ " 0O
[#)$ ) rrs/$ - ,08- (). o2 8ha)-%y"- 1 ) - 0. " p q.4./ (.N 0% $)"
constraints; therefore, results are limited in statistical I# 4./ (- ,08- /* #$ 1 [# .0./ %) $'$/4 *!
+*2 - ) ) L $t/ +-*1$ J# - ,0$- A Ft$)c $1 -.%/4 ) * 4. (.O 2#% # $. -$/$ ' I*-
[ (+*- " $().$*)p '"(- 1/ 'N $""$qgN /# '0 *)*(40 2% - ,0%- "*1 -)) O -*
*((0)$S /$*) ) ] '$.#E$)" + -[) - #$+.N [ 28"
5.1 How Can We Effectively T L 0$- # 1 ()] KLY 2] #)rrng
Monitor and Manage Biodiversity ) KL #0( ) + $/AN )1 /$)" $) + *+' ) [# $-
and Enjoy the Benefits of a institutions, particularly for developing countries, is
Sustainable Blue Economy in a -,08-  /* 0% $)!- ./-0/0- ) "*)"c/ -( .0++*-/
Chang|ng World? ) 12*%-&. 2$/# )# ) o O [ )
technologies. Additionally, collaborations that combine
) (1)$7*-8)" ) .0-1.87 ) #1 ) 3 ()d%+- &)*2' " .0 $) '0 $)" $) $" )*0. &)*2' " O

as components of the blue economy needed to respond | provide an important roIe in understanding species
. . AN " 5.

1% ) - -18)" p 8) /-x( ] N $"#3Q |n2:i?egsrng{role in enhancrng ourcapacrtyto have a

‘N $7#+q +-718 &4 )+ ) ’#(*' 2788 0) -1 ) $)" stk p oy, | N $"#'qN
of a multidisciplinary system, focused on the use of ThIS can be facilitated by international initiatives, but

S)E ) -8 T p AN LB g og L0 Ryl ()"t () F1 ) I$%)
common focus for observations to generate data and $)./8/0/$*). ) '* ' *((0)$/$ . .2 .10) $)"O
$)!*-(/8*) +-* 0 /. : LN L )rnctudr gmaJor contrrbutronsfrom philanthropists and
- ,0%- ()/.N $x'*"g .0 2#% # - #$/#4+' “s9, YA A 0./ $) p 3 / 'N $"¢
*)0) -./)$)" $* $1 -.$/4/-) .0 2 - 39/*$_f 1$ # | 'N $"#% N
based on their reIevance to address such social and

$)/3f -,08- (). ) 7#%-1 .$ 3'%/4 B 2'\Fhat Are the Technological

measurement in terms of cost, available technologies Tools for B|od|ver3|ty MOHItOI’II’]g?

) #0() + $'$/$ . p $'*.0 1 # [ 'N $"#* qN #
0.1 $)  * -1 $*) KL I# . . 2%' . -1 The methods for monitoring marine biodiversity are
foundation for implementing management and policy 08/ 3/).81 ) .+ $f /*/# [ 3*)*($ "-*0+0

based on science to promote a healthy and sustainable fa+ xb x40 () ve- o+ 1S L T#E (%) $1*-8) "
ocean, from local to regional to global scales. These AN U # o+ -8 )T #)S T # )"

griEnG N A AL Y of marine biodiversity monitoring include the need

observing system as plankton communities and some - " -'4 f) ) ) - 8. do+- 1%

and interoperable observation technologies. Data are
collected through a combination of remote sensing

coastal ecosystems (e.g., coral reefs, seagrass beds,
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) $) .$/0 * . -1 /%*). p. )*¥)$ *
= ) - 1% 2N (%1 . ).$)" 2.

/"N tBe' resoluition and accuracy of satellite imagery, our
P * &) ¥y L [# 0 $./-$ 0/%*) L # S/ /. $. $(+-7

/[ - O "™*x ' ' .-+ | '40 2%$/# - .*Alhdbiyh there has been a progression in monitoring a
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(/-0 /0-  # $/ 1. .0# . g*/$)" ( -* "N $"#&QqN ) I# - $. ) [* .0++" ()] 1#$
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collection to the use of sensors, instruments, and [#  # F2 - *(+*) ) x1 0 /$ " -$8IS " # S/
platforms. At the most basic level these observations o# .. - *2.) ')y .0 )

-4 *)y 0-1 4 ) v*- . (+'$)" S$/# - *) .#*resdlved by even the most advanced remote sensing

$) . # '"'*2 2/ -0.%)" .0 $1 -.N -" c. technologies (e.g., hyperspectral satellite imaging;

application of such methods can be used to tackle global $ &.*)* /| 'N $"#+gqN $& 2%. O $(+*-/ )/ #

,0 ./$*). *0/ .+ /$ " $ - ) .$) * .l "' (swéhas deep-sea corals, are beyond the reach of existing

communities or for monitoring over time if protocols or future airborne remote sensing technologies. The

are standardised (e.g., the Natural Geography in Shore mapping of seabed topography at a relatively coarse

- .0 *- O . (+'$)" +-*/**'" 0. $) /#caleca@be undertaken using satellite gravity mapping
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estimates among other parameters; animal telemetry for

)$( " (71

descriptions; ‘omic’ approaches to report on biodiversity
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It will be critical
to develop
technologies
that enable
increasingly
automated real-
time biological
observations
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based remote sensing is
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*0./$ -1/10-) . 2" .. gF*- ($ -F/F+F"- +#4
p-*0"#) ..q ) 1*'0( # /[ -*") $/40 2#% # - ' |
to sediment grain size and composition (Harris and

‘N #+++08& - $"#$Q (- # | 'N $"#(qN #S$. $)1*-( /

$"""qN 0. /*$ )/$!4 . g**- [ 3/0- O 2# /# - $/ $.
of rock or sediment, for example, and can be used to
CLsta# Sl p (-# 1 'N $"#(gN *0+' 2



the use of seabed sampling using surface deployed gear  develop evidence-based policies and management plans
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larger-scale geomorphological structures such as
$ *- - ] 'N $"#*Q '1$ " [/ 'N $"#*Q *- |/

(*0)/.0 )4*). ) +'$).0 /# 3/) /#$,§ > ! ST '
0. ) (++8)" *1f) e ' # S/1.$. 0) ] #N* )#*20. $ #/Q,N'$"#i hf #N $1#I*Q+ )/ N *’.$ N
alternative technology to multibeam bathymetry is Q ) q () tr)'S)
. ) . /-0 L0 # L T# T SLUHS)Y I # # L 3+,
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operational services and ocean health (Tanhua et
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and international programmes. IS T+ ))$) + S S L $"#'qN
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use of best practices for marine biodiversity monitoring, through trained volunteer scuba divers (Stuart-Smith
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Based on these shared goals, these organisations
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the commitment to open access and data sharing,

implementing best practices and international standards

and enhancing global capacity (Miloslavich et al.
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6. Gaps and Challenges In
Habitat Protection
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Figure 6. Current Conservation Efforts for Key Selected Habitats
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Notes: Habitats on the x-axis are ordered according to their distance to the coast, as a proxy for their average depth. (A) The bars represent the percentage of the
habitat within MPAs, within MPAs with a management plan, and fully protected MPAs. (B) The percentage of wilderness inside the habitat area.

Source: Authors.
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6.2 Protection Gaps in EEZs be related. Furthermore, although there are considerable
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each EEZ, using biodiversity data from Reygondeau
resilience from the high pressures they experience.

Figure 7. Relationships between Biodiversity, GDP and MPA extent
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Notes: Panel A shows the gross domestic product (GDP) that a country has relative to the world and the amount of their exclusive economic zone (EEZ) that is covered
by marine protected areas (MPAs). Panel B reveals that the relative size of a country’s MPAs are not correlated with their biodiversity. The grey region in Panel B
represents the countries with less than 30% of their EEZ with MPA coverage.

Source: Authors.
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Table 3. Summary of the Habitat Protection Target Proposed

PERCENTAGE PERCENTAGE MEAN MEDIAN
HABITAT OF COUNTRIES OF AREA BELOW PERCENTAGE PERCENTAGE EFFORT GAP
BELOW 30% 30% EFFORT EFFORT
Saltmarshes "#N$ *)N+ &#N" $*N# #SN+
p)(N)v#""q p+$N"Vv#""q p$#N#V"N'Qq p#N*v"q p#+N%q
Kelos &'N % %)NS$ % (N % %)N) C#N&
P p))N&V+*N#q p'$SN(v#""q p#)N"VSN**q p#N"VvV"q p#(q
Coral Reefs (#N( &&N' %"N) #)N' #%N$
p*(N(v+)N%q p+#N)v+'N*qg PSSNWVHENHQ p"v"qg PSEN%q
(&N ( ($N( $+N' 0.0 $+N'
Hydrothermal vents P*'N&V+'N*q | p+&N#V++N%q p#%N+v%N$Sq| p"v'q P#%N+q
Manaroves "+ N# "+N$ $+N% #+N+ +N &
g p*(N"v+*N+ p+$N%Vv+)N%q p+N%V#N#H(q p"v"q p+N%q
)" N % "N ( $&N& (N(* #)N)
Seagrasses P*+N"v++N$q| p*(N(v+*N'g | p+N"v'N*g P v'q p+q
Estuaries YJEN* (NS $"N$ 5.7 #&N'
pP**N*v#""q p+&N*v#""q pP*N'V"N#q p"v"qg pP*N'q
) (N ( 775 #*N) 0.0 #*N)
Cold Corals p+#N$Sv+*N'q p*)N%v++N*q p)N+*v#N'q p"v"qg p)N+*q
Trenches *"N & )&N* #*N % 0.0 #*N %
p+%N'v+)N*q p+#N&vV#""Qq p(N'+v$N%&q| p"v"q p(N'+q
Ridges *$N" ) % N # #(N & 0.0 #(N
¢ P+$N(v+*N&q| p*+N(v+)N*q P)N))VSENS(q p"v"q (7.77)
Seamounts and quvots *#N& "+ N# #&N & 0.0 #&N&
guy! p+$N"v+(N'q p*&N)v*(N(q P(N%V$N'q p"v"qg p(N%q
g a4 ) )4*+"N( +)N# #HN# "N # #H#N"
’ )p'+‘v+*N+q p+*N"v++N+q p'N%Vv#N"q p"v"qg p'N%q

Notes: For each habitat, the percentage of countries that have granted less than 30 percent protection is shown (‘Percentage of Countries below 30%’) for all MPAs

and then, in parentheses, the figure for managed MPAs/ fully protected MPAs that is below 30 percent protection. The ‘Mean’ and ‘Median Percentage E ort’ refers to
the percentage of habitat countries protect on average. The di erences between these two values is reported as the ‘E ort Gap, representing the percentage by which
countries below the threshold should ideally increase their protection to make a fair contribution to conservation. We did not calculate this for fully protected MPAs as the
amount of habitat lying within this category of protected area is so low that the e ort for all countries is equally very poor.

Source: Authors.
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Figure 8. Current Conservation Efforts for Key Selected Habitats
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Notes: Best-case scenario, using all the MPAs reported. Habitats on the x-axis are ordered according to their distance to the coast, as a proxy for their
average depth. Black circles represent countries hosting one of the key habitats. The y-axis represents the percentage of area that each country is
protecting of that habitat within its exclusive economic zone (EEZ). Most of the countries are below the 30 percent target (white line), which has been
identified as a threshold to ensure the maintenance of the ecosystem services of a habitat. The blue circles represent the mean percentage of all the
countries’ protection e orts for that habitat, whereas the red circles are the median percentage of all the countries’ protection e orts.

Source: Authors.
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Table 4. Characteristics of the International Conventions and Agreements to Protect Marine Biodiversity and
Environments

CONVENTION/AGREEMENT
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A. Sustainable management of living resources E. Precautionary principle N $*. 0-$/4
B. Sustainable management of unexploited F. Monitoring of species, habitats or J. Encourage or impel international cooperation
species environment K. Capacity building
C. Habitat management or protection G. Environmental impact assessment
N (+" () +-* | - . H. Prevention of environmental pollution

Notes: a. Where trade in that species may impact on an endangered species. The conventions and agreements are as follows: (1) International Whaling Convention
(1946); (2) Convention on Fishing and Conservation of the Living Resources of the High Seas (1958); (3) International Convention Relating to Intervention on the High
Seas in Cases of Oil Pollution Casualties (1969); (4) Convention on Wetlands of International Importance Especially as Waterfowl Habitat (Ramsar; 1971); (5) Convention
on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter (1972); (6) Convention Concerning the Protection of the World Cultural and Natural

Heritage (1972); (7) Convention on International Trade in Endangered Species of Wild Flora and Fauna (CITES; 1973); (8) Protocol Relating to Intervention on the High
Seas in Cases of Marine Pollution by Substances Other than Oil (1973); (9) Protocol of 1978 Relating to the International Convention for the Prevention of Pollution from
Ships, 1973, (Marpol); (10) Convention on the Conservation of Migratory Species of Wild Animals (CMS or Bonn Convention; 1979); (11) United Nations Convention on the
Law of the Sea (UNCLOS; 1982); (12) Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their Disposal (1989); (13) Convention or
Biological Diversity (CBD; 1992); (14) Agreement to Promote Compliance with International Conservation and Management Measures by Fishing Vessels on the High Sea:s
(1993); (15) Agreement Relating to the Implementation of Part XI of the United Nations Convention on the Law of the Sea of 10 December 1982 (1994); (16) Agreement
for the Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 10 December 1982 Relating to the Conservation and Management of
Straddling Fish Stocks and Highly Migratory Fish Stocks (1995); (17) Protocol to the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other
Matter, 1972 (1996); (18) Cartegena Protocol on Biosafety to the Convention on Biological Diversity (2000); (19) Stockholm Convention on Persistent Organic Pollutants
(2001); (20) International Convention on the Control of Harmful Anti-Fouling Systems on Ships (2001); (21) International Convention for the Control and Management of
Ships’ Ballast Water and Sediments (2004); (22) Agreement on Port State Measures to Prevent, Deter and Eliminate lllegal, Unreported and Unregulated Fishing (2009);
(23) Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from Their Utilization to the Convention on Biodiversity (2010

Source: Authors.
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Figure 9. Analysis of 23 International Treaties to Protect the Marine Environment and Conserve Marine
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Notes: Panel A shows Ward's hierarchical clustering with Euclidean distance of international conventions/agreements according to their mission
topics; the convention acronyms are as follows: BCHW = Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and
Their Disposal; CBD = Convention on Biological Diversity; CITES = Convention on International Trade in Endangered Species of Wild Flora and Fauna;
CMS = Convention on the Conservation of Migratory Species of Wild Animals (or Bonn); CPB = Cartegena Protocol on Biosafety to the Convention
on Biological Diversity; FCHS = Convention on Fishing and Conservation of the Living Resources of the High Seas; FVHS = Agreement to Promote
Compliance with International Conservation and Management Measures by Fishing Vessels on the High Seas; HAFSS = International Convention on
the Control of Harmful Anti-Fouling Systems on Ships; HSCMPS = Protocol Relating to Intervention on the High Seas in Cases of Marine Pollution by
Substances Other than Oil; HSCOPC = International Convention Relating to Intervention on the High Seas in Cases of Qil Pollution Casualties; IWC =
International Whaling Commission); Marpol = Protocol of 1978 Relating to the International Convention for the Prevention of Pollution from Ships;
MPDW = Protocol to the Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter; MPDWOM = Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter; Ramsar = Convention on Wetlands of International Importance Especially

as Waterfowl Habitat; SFSHMFS = Agreement for the Implementation of the Provisions of the United Nations Convention on the Law of the Sea of

10 December 1982 Relating to the Conservation and Management of Straddling Fish Stocks and Highly Migratory Fish Stocks; SPOPs = Stockholm
Convention on Persistent Organic Pollutants; UNCLOS = United Nations Convention on the Law of the Sea; WCNH = Convention Concerning the
Protection of the World Cultural and Natural Heritage; XI_UNCLOS = Agreement Relating to the Implementation of Part Xl of the United Nations
Convention on the Law of the Sea of 10 December 1982. Panel B shows the number of conventions / agreements associated towards a main goal as
listed in Table 4; Panel C shows how the number of each conventions / agreements changed over time for each main goal.

Source: Authors.
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8. Opportunities for Action
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[* +- 1)1 ) #*-8)" ) [-2'$)" $) . " the dgacaptured,there is a large opportunity to further

-2 ) 0.t - ¥l -4 p T ) 'lgnﬁe{'n%é'c%wunderstanding of the status and trends in

There are also examples of habitat restoration leading marine habitats and ecosystems, the drivers of change

to local rehabilitation of habitats such as mangrove and the |mpacts of degradation on their contribution to

| * . *\ " ' _

’ A8) 1# &) I p 0 -/ [N $” $pébb'le hus improved visualisation and maps to
[N p$"3$"q .0 A=)t () () ﬂspo tthe decision-making process. The advancements

could lead to substantial recovery of abundance of $) / frokl /$E S ) ST ) # 1 Y
4+ % . ) /-0 /0- O '0) /$*) *! *((0)$/$/#2§/ﬁ kR ++'$ /$*) *I I ($)$)" ) ) /0
$) - . +-r18.8%) %1 x4 (. -18 4 I%ngu‘%e asr&ce)ssmg into biodiversity and ecosystem
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*++*-/0)$/4 [+ 3/- [ &)*2' " N-*(#S./*-$) " )ISL A (*)$/*-1# " $.[-$ 0/$r). *!
unstructured sources (e.g., text, images, audio), store economically important marine habitats, such as coral
complex information in machine-readable formats reefs, mangroves and seagrasses. On a local level,

)y *)) [ 2%/# 3+ -/ 4. (. 1% . ] 0+ &)*2*1"-)( )/. .#*0" *'' x| 2%$/# $) 0./-4 )
bases—all areas of marine science that have yet to be /* /$1 '4 (+ -$1 -.*L# S/ "- I$*) )
2" 3+'*- N *- /$1 () " ()/O "*1 -gound truth the data produced from the global habitat
) /* &)*2 2# - O 2# 10 2#40 ) #*2 (O(#+#3$)) *-/.N O # ( ++3)" ) (*)$/*-$)" *!
activity is sustainable because anthropogenic impacts marine ecosystems has been among recommendations

3+ ) $)/* + - ) + -2/ -.p & - )forimproved management of marine biodiversity for

--$. $"$"gN (*.] %" 4 -, p *-. #++%QgN

*21 -0 /# - - # )" . [**1 - *( 2$/#Fobe'able to develop the collaborations and
to harnessing the above-mentioned technological [o#)*'*"$ '+ $/4 /(& /#$. 1%.%$*) - '$/40 2
advancements into global marine studies. Utilising Ot L 1T 28)" #$"H#CH-$*-8/4 *++*-/0)$/$ .
the technological advancements into a thematic - [/$*)P

$. $+'¢) - ,0%- . (0'/$ $. $+'$) -4 3+ -/.O0 $ '*"0

f, The present intergovernmental organisations (e.g.,

&)*2' " 3 # )" -x.. $.$+'$) . .2
) &) ) ) C g0 $* $1 -.$/4 (*)$/*-$)" ) /2*-&.

$ SISt ot (($)" .88 ) &yr2r toHt T T v o / N"NO
machine-readable data and metadata formats. The P , . q . . P . .,
e 18y, e L ) iwng o8 ) HEST)I#-*+S S1L$)1*' 1 $) " 14 -$)
y . ' ’ ) and making ocean data available for management
referencing remote sensing products and geospatial data Gooale Earth Engine: O Dat
sets limits the smooth communication of needs from a purposes (e.g., Google Earth Engine; Ocean Data

thematic discipline to the technology developers. Foundation™q -, 0$- **__ $) 1 wwer T
face the challenge of comprehensive and global
There is an opportunity for NGOs, industry, researchers, monitoring of biodiversity. These organisations,
and government institutions to collaborate to increase 0) - /# ' - HE+ * c O $) + -/) -.#%+
the application of current advancements in technological 2$/# ) /$*) " ) $* $1 -.$8/4 (*)$/*-B)" ) /2*-&.
capacity. To accomplish this cross-disciplinary p N"NO (0] O 0-* q ) /# O .#*0' f
$. 0..8*)O /# - ) . [I* ) 3 # )" KL &)H-*O0H 2F-&.H#F+. - K # - (). f - ] (+.
and scientists need to be trained to make their analysis of both habitat extent and environmental drivers to
) 2*-& $)/ -*+ - "N [- ('$) . -1% . - $ )/$'4 *)g$ /. ) " +. %) &)*2" " O $) '0 $)"
also needed to support the production of standard in the distribution of marine habitats, technological
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variety of primary data, and standardised processing "N # /. #*0" $) '0 (0'/$ $. $+'$) -4
. -1%$ . pSN NO 2 - ./ . -1% .gqO 2#$%$ # 23dEntisty, incluting, but not limited to, marine,
) ($)/ $)!-,0)/'4 0. [ - .*0- .N-/$f $ " $)/ ""$" ) ) /" 3+ -/.N
Y1$.8*) /# 1 4 $"%" [ '*"0 *! ( -$)f The Decade of Ocean Science for Sustainable

# $/ /.0 $) '0 $)" /#*. [# [ 2 0--)"4 # 1 TEEN( ) +-*1% . ) S " %O(+c* +*$)/ !*-
$)I1*-(/$*) *)O .0 # . & "+ !*- /. ) -* &4 suchha@o®dnated approach to ocean biodiversity

# 1 /# $- C(*)$ - .+ /$ "4 ) | (+*- 'nddDitoring, especially as it recognises the importance

) 1 -$/%*) ) $./-%$0/%*) # )" . 2%/#3$) M4 -0 $)" /$*) ' [/ 0/ 2% ".* +-*0
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) ) (+$! . *) $)/ -*+ - 'infrastructure, including human resources, to meet

data sources, be visualised and be made publicly their international commitments (e.g., under the CBD)
1% " $) 24 1/#1 "' $'$/ /. *.4.] (cestablishbaselines of biodiversity and long-term
()" () *r#0() [/$13%/$ . $) /# * )ni®Ing of the status of species and habitats both
enabling biodiversity conservation. 2% /#9%) I# $- .) %) O .+ $ "4 2# - |#
s . o e e e g"" 1 ... - *- 28" 0) -/ &$)" [/$13%/%
f 41$,i(O)/$)’2$/'#’$o).$!/ic1*)/_’*.#)/ : P low L f#s) -l - 3/ /S1 /S18/S N 0O
' ! ' -/ #*0" 1* 0. %) [# '- 4 ] '$.# ) [2%-¢

increase temporal resolution of habitat maps and for biodiversity monitoring, including GOOS BioEco

- - * ' ' * |
$1 - v /% 1,0°8/4 9)0 " (+. "t # S L indhdfine component of GEO BON, MBON.
and impacts are made available.

#of-l # . 1 *+ - (2%-& ) "'x 4
[ #-*0"#*0/ $"$"e%"0O &)*2' " . . ) coordinated strategy for monitoring biodiversity change
[ #)*'*"4 [- ).V - [2 ) "1 -)()/. $. 0.%)" $*'*s o 2#8 # - *(+' () 4
FoX (X[ [* 0%+ " *0)/-$ . 2%/# [I# [, LR 8) 4 /# "/l -N [ - +*.$/*-$ .
necessary to sustainably manage and map the ocean. - 4 3%$.//*- $1 .0 # $)!*-(/$*) p N'"NO
+ $/4c 0$' $)"  *-/. - [ -" ] [ +-*14 8)y* /' 'N $"#)qgN $* *$. 1 $'$/ /$)"
*0)/-$ . 2%/# I# 3+ -1$. [* o) o) Y R 8) L) 2% -& T S(+ ()]
biodiversity data for meeting international targets (*)$/*-$)" *1 /¢ . ..)I$ "1 - "N # . 28"
and ocean management needs. S # ) K *- [$*) 28/# ) 28" $) 'C

oceanographic research centres, government institutions

4 T(S.#$) w0 2 '$ 1 # 'anc?t%'i\'/ersities, and natural history museums. These
JO( -*0.  $/$*) " ) fl.+ ./ 8) - .8)" ¥ Qsu g mxgr x 0$' %) 3$./$)" *-/.0 .0
understanding of the planet, including improved [ x  w I *)§/%-$)"  [2%-&N
environmental and biodiversity monitoring plans,
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$) - . Kt oxoU$*)y /2 ) . & #* -.N ) $) O "*28)" /# .0 . ,0 )/ (*)$/*-8)" *I
# )" .$) $* $1 -.$/4 [#-*0"# /S( N #$. 28"
8.2 Addl’eSSing the Biodivel’sity the continual assessment of the success of measures
Data Gap /* -0 $* $1 -.$/4 x4 .y 2 # (

actively manage their activities to mitigate or reverse

There is a pressing need for a greater coordinated biodiversity loss. For developing states, assistance in
ool H - S IST) *) (-8) $* $1 -.%/4 : '

+ /4 08$' 28" -,08- N ¥ /
and extinction risk, from baselines of diversity and L% ( $O 4 )$ f)/ 2:” $) '0 5 $ )
ecosystems to the long-term monitoring of population ’ )

genetics, species, habitats and ecosystems. Again, f maintenance or enhancement of marine ecosystem

despite recommendations to develop such coordinated .-1% . +-*1%.%$*) p N"NO f.# -$ .O * ./ '+

&)y*2" " " [# -8)" *) (-%) $* $1 -.$/40 touridm),

improving the capacity to do so by all nations nearly

%" 4 -, "*p*-. #++%qO /[#S$. # . )*/ #[ §+ )5/$f/*/$*) %) ") /s - 70 p 8
/N # $./ 42, 1# 1 ‘jaxora g - N $787AQ

a good range of assessments for marine vertebrates FI# [-$)$)" *1 )y 2" ) - [$*) *1 (-%) . $ )/

pf.#0 . $- .0 (-$) ( (('.q0 3/$) /$*) -$.& B -
assessments on marine invertebrates are restricted toa | increased opportunities for citizen science and

12 . /- "-*0+.N education; and

# - $.)%*2 ) *++*-/0)$/4 1*- /] .0 f$) - . /$1 ) .. *U$)1 /() $) $* $1 -.

intergovernmental organisations, foundations and ). -1 $*) I#-*0"# o+ B /- /$)"
interventions.

other philanthropic organisations to invest in the
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At present, there are no alternative measures to achieve *. -1 /$*) p -%$ .. /| 'N $"#+q0O .0 # +*'$ 4 . #*0'
.0# " 'O ) 2$/#*0/ $/0 0) * 0( )/ $F-$1-8/$/4 1*$ ) *I /$1$/$ . 2#% # ' [* . $")$f
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poverty, the increasing human population and the drive
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. . . L . a national MBON coordinated at a regional level,

to improved biodiversity monitoring to include the $) "0 $)" 0 $/ *0' f$! 0 [ 044x.] I$1
I*1*28)" ($' /%) P o '

management and conservation—help to improve and
fo# $ YISt I1$*) *- | '$.#( )/ *! ) [$*)sécure economic and other societal gains from the

centres for marine biodiversity monitoring and +-*1%.$*)$)" *t *. 4./ (. -1% .N $/8*) " ) fl.
1 '*+ + $/4 %)/ 3*)*(4 ) f° *'frdm @eveloping marine genetic resources (Blasiak et
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environmental DNA (eDNA) and other emerging 0 /$*) 2$/#%) .*$ /4 - $$0'//* /(! 0/

technologies, to undertake baseline assessments and 2*0"' -1 $)'4 +*.$/$1 N

long-term monitoring. o )
8.3 Citizen Science and

f A baseline biodiversity inventory and the Education Programmes

establishment of key monitoring sites as part of

| # $* * ) /2%-&. *- *1 ) 3%./$)" Citizen science provides a great opportunity to increase
and expanding geographic coverage through the +0'$ + -/$ $+/$*) $) . %) O *1 - *( .$")8$f )/
oS ) L) 2 B/ v- "$*). pssweH gNt /# L8 )ISE +-F .0 ) $(+-*1 ) /0-"
o o _ o - .*0- ()" () p#E* " | 'NS$"#Q $)' 4
f The coordination of biodiversity monitoring activities / N $"#)gN $/$5 ) . $ ) ) )1$-*)( )/
at a regional basis implementing best practices to 0 I$*) +-*"o (( . - xS )ISE +-*% [, [# ]
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f The establishment of a marine biodiversity $"#)gN $* $1 '-$/4C' L% 1 # L ) #*2)
programme that feeds into national policies and to span greater geographic and temporal ranges than
management actions to mitigate biodiversity loss as conventional academic research, engaging millions
2 $)/* N u$*) ok )$ /$*)O 0 # *I 1*.'6)//* - ) " ) - /$)” 0+ /* |$NI $”$*) $) &$)
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There are a range of habitats formed by foundation
S L IH - 1 -2# ($)" 4 $(+*-1 ) I* Despite many long-term citizen science projects
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10) /$*). *1 - 2% - " *'- +#$ - [#) /#/%'_' HF2 $. "$)./ $/$5) . %) p *)) 4 [/ 'N
immediate occurrence. These include, most notably, $"#&QN # * [ "N p$"#'q 1*0) /# [ *)'4 *O0/ #3
coral reefs, mangrove forests, seagrass beds, +o- )R +-F% [ F0) KL %R +-*18 Iorx . % )/ $f
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a task is a function of the complexity of the task f.#8-$ . p* -/. [ 'N$""#Q $) . / 'N $"#"C
p 0 -()) ) =-)5%*)% $"#'q0 2#$ # .0++*-//. '™ $"#(Q ) [/ 'N $"#)qO +-*1% T A

projects should be simply designed at scale, and projects p * -/. [/ 'N $"#)q ) $(+-*1 /# - .$'$ ) *!
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engagement in policy and collaboration. As such, they obJectlves Additionally, the social impacts of protected

- _ [ "% * _ | * _
o) TE 28%) tHr-10)8/S é\sr;ea)s are poorly understood largely because MPA

f Governments increase general science education in 1'0/$%). #1 1) [*1* 0. %) *) *- 1 -412
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development of cgmmuhity-based programmes.in Experts, conservation practitioners, philanthropic
developing countries to increase exposure to science organlsatlons and representanves from government
Unlted Nations Environment Programme (UNEP) and
the CBD to establish the best strategy for increasing and

f Academia generates best practices and resources to
increase the amount citizen science can be used to

generate robust data and science, thus removing the improving existing MPAs on the basis of the approach
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levels to protect representative marine ecosystems A ()l ) 20 +/$1 /*0-$%.((* '"p )" cC

and the best strategic approaches and practical "*- ./ 'N $"#)gN # - $. ) I*- . '$)" 0+
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9. Limitations of the Paper
and Conclusions
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large-scale global plan of action for ocean biodiversity

). -1 /$*) (4 -,0%- /* 3+ $/ [# .
*++*-/0)$/$ . 28/# [# .+ -,0%- N

Critical Habitats and Biodiversity |



Abbreviations

ABNJ Areas beyond national jurisdiction
0/*)*(*0. 0) -2/ -1 #$ "
eDNA Environmental DNA (molecular tool for assessing biodiversity)
BBNJ Biodiversity beyond national jurisdiction (refers to negotiations to establish an international legally

binding instrument under UNCLOS on the conservation and sustainable use of marine biological
diversity of areas beyond national jurisdiction)

BEF Biodiversity and ecosystem function

By Biomass at maximum sustainable yield

CBD Convention on Biological Diversity

CCAMLR Convention for the Conservation of Antarctic Marine Living Resources
CCRF Code of Conduct for Responsible Fishing

CoML Census of Marine Life

COPEPOD Coastal and Oceanic Plankton Ecology Production and Observation Database

CPUE [ # + - 0)$%/ *-/
DD / f$) p $./ | "*-4q
EBSA FURUG 4 ) $*FUS 4 $)Sf ) -
EEZ Exclusive economic zone
o)1 ) -$

EuroGOOS European Global Ocean Observing System
Findable, accessible, interoperable and reusable (principles for data sharing)

FAO Food and Agricultural Organization of the United Nations
GEO -*0+ *) - /# 0 0 -1 /$*). $* $1 -.$/4 . -1 /%*) [2*-&
e ) $* $1 -.8/4 )$/$ /%1
GOOS Global Ocean Observing System
GOOS BioEco Biology and Ecosystems Panel of the Global Ocean Observing System
GDP Gross domestic product
)yt -$) . -1%)" 4./ (p O0./-'$ ¢
yo-) 1$*%) Y- +H#S F(($..87)
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KBA Key biodiversity area
MBON -$)  $* $1 -.%$/4 . -1 /$*) [2*-& p+ -] * |# +-*"- (q
MPA Marine protected area
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Natural Geography in Shore Areas (CoML project)

NCP Nature’s contribution to people
NEAFC North-East Atlantic Fisheries Commission

*¢/ & O )I*- O*®O'-"0%$.* /] p-1-.1[* .Q " - | 'N $"#&q
NGO Non-governmental organisation
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OECM I# - /$1 - ¢ . (-%) *). -11/%*) ( .0-
OSPAR Oslo Paris Commission
PR SIxo() - 1% 2 p8) /#E X)3FVELHE-S ()" () *-")$. /%) .0
RFMO "$r) CfL#E - L ()" () - )L 1Y)
RLS Reef Life Survey

Remotely operated vehicle
SDG Sustainable Development Goal
TURF --$/*-$ 0. -$H/IF- FLHS)" +-F"- (L
UN United Nations
UNCLOS )$/ 1$*). *)1 )/$*) *) I# 2 *1 [#
UNEP United Nations Environment Programme
UNESCO UNESCO

0"y - ' (-9%) * 4.0 (.

M), -1 1$r) *)8/-8)" )/ -
* W "$. -1 -8)  + B .

Endnotes

Fro(*- $)I*-(/$*)0 . I# 2 .$/ O #//+.Pvv* $ N*-"N

sx ) (*- *0/ O 1$.$/ $/. 2 .$/ O #//+Pvv"* $N*-"vN

®YLE-([$*)  *0/ |# $"%" +-*% [ ) 1*0) [ #//+.Pvv. $"%"N" *N) /vN

& $./0 #//+.Pvv222N$0 )- '$./N*-"v. - #N

54 $"$" " f.# ) $)L -/ -/ * & ) ,0/$ +'). - ()" ) #-1 . .0./%) '40 ' " "4 )
* 4.0 (¢ .  ++-* # .0 .*[# [ p$q *1 -f.#$)" $. 1*$ O p$%q - *1 -4 +' ). ) ( .0-. - $
+' 0/ .+ $ .0 p$$Sq f.# - . # 1 ) $")SF )/ 1 -. $(+ [ *)[#- /) .+ $ . ) 10') -

PSLqg /# $(+ /. *Lf.# - . %) /¥ &0 .+ $ . ) x4 (. - 2%8/#$) .1 $*'*"$ ' '$($/.N

Cxo (%= $)I*-( /$*)  *0/ [# **"*  -[# )"$) O . #//+.Pvv -/# )"$) N"**"" N *(vN

! /# ' S #$)" | #O #//+.Pvv"'* f #$)"2 /| #N*-"VN

Tl $)IL(I$*) <0/ I# I $1 0-14 ) 1*0) *) $/. 2 .$/ O #//+.Pvv- g$! .0-1 4N *(N
SR (ko $)IR-([$*) *) #&O . #//+.Pvv.0./ $) ' 1 '*+( )/NO)N*-"v. "#&N

YIRS 1$*) %0/ I# ) [ *0) [$*) ) 1*0) *) $/. 2 .$/ O #//+.Pvv222N* ) [ N -/#VN
# $- p#//+.Pvv $- N*-"v#*( qO p#//+.Pvv * . IN*-"vq ) **)$1 -. p#//+.PVv222N5"

Critical Habitats and Biodiversity |



References

0-/*c -*+ 50 NO N -$.()O NN '"")O N . -[.c .*$*O N "O ) N 50--N $"##N [ -" *1 -4 *|
. -1 ROSONE p*qP $%("#N #//+.Pvv *$N*-"V#"N#%)#v%*0-) 'N+*) N""$%("#N
0-/*¢c -*+ 50 NO N 50--O0 N ) ())O N ' 50 N 0--40 ) N '"NS$""*N [ )"-*1 . $) /# 0"l *I  '$I*-
Proceedings of the National Academy of Sciences of the United Statep % "qP #"&'(e'+N #//+.Pvv *$N*-"v#"N#")%v+) .N"*"&("##"'N
$.# -0 NNO NN *0'.*)O ) N N *' -**&N #++"N [ - """ *)"c -( - ). -*..Natle %&HY)p -F+#KHP 1 '. )
)'%e''N #//+.Pvv *$N*-"V#"N#"%*v%&))'% "N
"-40 NO NN $ $-0 ) N #-$./$ N $"##N [ $) /# +P S LS IH #E- (S K -8) -] -
")) $) Nrine Policy%'P $$(e%S$N #//+.Pvv *$N*-"VH"N#"#(VIN( -+*' N$"#"N#"N""(N
$).2*-/#0 N NO N N -*)O N N -/$50 N N O0(40 N - #0O N "2 O N N &$)O0O ) N "" /N $"#(N [ "$(
*)I# - | --$ Scient®%'$ p($*%qP %% *e&$N #//+.Pvv *$N*-"v#"N##$(v. $ ) N )#$'N

'*040 NO N -#( 0'/O N ++ '7).0 NN -0%*O N 0O#.)O N 5" .0 NN $-/28"'0 / 'N $"#+N [ #
Nature Ecology & Evolutio® p 0"0./qP ##'%e(#N #//+.Pvv *$N*-"v#"N#"%*v.&#"''+c"#+c"+'"c4N

-O N $""%N [ 0//$)" I# * ./ $) /# SeaAtdluhd Us NewStettfNA #e $N #//+Pvv. -*0) O.N*-"v) 2.' // -v ..0 #'N+ IN

")"$0 N N $"#'N [ # (+ [ *! '$(/ # )" *Qurrent Clilnate’'Ghag®lRepotsp - #qP %"e%+N #//+.Pvv *$N*-"Vv#"N#"")V
nEeT TG 3N

(*-**O0 N NO NN $/ # -0 NN $%). *~+O NN *)) 0"# 40 NN -(O N 00-*) )O NN $" -0 / 'N $"
*-'Z. *)I$) )/ ' #Praceedlngs of the National Academy of Sciences of the United States of AfieYiga& % qP #"$)'e*$N #//+.Pvv *$N*-"v#"|
+) CN#*"$%)+## N

) -.*J)O NNNO NN ('O NN -*3""0 NN 0))O NN 0'"$1 )0 N /.0 ) N ' &HhdérigerN [ '* ' $-
Species Research& p$qP +#e#"(N #//+.Pvv *$N*-"V#"N%%'&V .-""%&)N
) -.*)O N NO ) NN $//N #+++N [ *((0)$/4 *-" )$5 /$*) $) /# 0'! *I ' \Narine Ecalogy Progreys Séried "$( #$

#*+ p *1 ( -qP ##)e$%N #//+.Pvv *SN*-"VH"N%% &v( +.#*+##)N

) -.*)O N N $"#+N [ 4*) Y O ..ZP *((0)$/40 *1 -)) O ) [# 0/Blumar Organizaliof’)* pSt)P' #&ReN)\N #//+.Pvv
*FENF-"VH NH))% VY C)S FN)FNSN#E&)N

) - 1*¥0 /O N $""*N [ *- ' 1 $// ++$)" .$)" (*/ ).$)"P .- 1. -*0 - -+ [S$ST N (+'$ /$*). I*-

+ $/4 0$'JAHAMof Spatial Sciencé % p#qP ##%e$+N #//+.Pvv *$N*-"VH#"N#"*"V#&&+*' +(N$""*N+ (% ' #&"N

++ '/).0 NO NN #4*)"O N ) -.*)O NN )" 'O N -/*$.0 N $"40 N ( -O / 'N $"@@wn{ # ")$/0 *I
Biology$$ p$%qP $#*+e$"$N #//+.Pvv *SN*-"v#"N#"#(V%N 0 N$"#SN"+N"% (N

-$ .c -/$50 NO N --)*O N .,00 NN 1-40 N 0" -0 NN )-$&0 N *5$($0 / 'NS$"#*N[ -$)
k.t Z. =" ./ "o .. - *) NAtur&Chimate Change* p +-$'qP % %*e&&N #//+.Pvv *$N*-"VH#"N#"%*v.&# '*Cc"#*Cc""+(C4N

. #0 N NO ) N =-$.( )N $"#*N [ + 2)$)" ""- " [$*). [ . ') & )g0 ) $)" s(/ #) (+ [.*) -$/$
Diversity and Distributions$ & p##$qP #)#$e$*N #//+.Pvv *$N*-"v#"N####v SN#$*"+N

.#0 N NO N # 0)"O ) N 4"+*) ON $"#*N [ 0/0- -$) *.4./ ( -$1 -.0 $* $1 -.$/40 ) $.# -$ . 3%$(0
*0)/-% . ) --$/*-% . 0) - '"$MdrinePoJityNAP $*'e+&N #//+.Pvv *SN*-"VH#"N#"#(VHON( -+*'NS"#)N"*N"#'N

#1*- 0 N NO NN ))40 N NN -*%0)O NN *)."O N *-/*)O N -)/O NN $-0 N -&)0 ) NN *"
o " /. # 1 +c ) AL (.- $U#'4 ). $/$1 [/ )1$-*)( )/ " # )" ) PRoceeding$ of thé Rdyal Spcidti of
London B Biological Science&*' p#**&qP $"#*"+$%N #//+.Pvv *$N*-"Vv#"N#"+*v-.+ N$"#*N"+$%N

1-40 NNO N " -O NN 0-&# '/ -0 ) NN *$).*)N $"#)N [ $- *)"'$) 4 | # o/$*) 1% . ) -
/ ¢ ) '4.3uRal for Nature Conservatioth* p 0'4gP %)c&'N #//+.Pvv *$N*-"V#"N#"#(VHN®%) N$S"#)N"'N""&N

% &0 Nc NO NN "$.*)O NN 'O ) NN 014N $"#"N [ (+ /. *I '$(/  -$Mabin® Policy% &#p)l% qP) $.# -4
%) e*%N #//+.Pvv *$N*-"v#"N#"#(VHN( -+*' N$""+N"*N"")N

| High Level Panel for a Sustainable Ocean Economy



& -0 N NO ) NN --$.N $"$"N [ $// ++$)" )W**$) *(F-%£*FN% ) )/#6&dited by PT. Harris and E K.
& -0 #)e% %N (./ - (P '. 1% -N #//+.Pvv *$N*-"VH#"N#"#(v +)*c"c#$C*#&+("c)N""""$c(N

&0)O N $""(N [ .+c $./ *+0'/$*). ) -$) * 4. ( 4) ($ .P 18" /$)" Peogréssdin Oteanography*+$e & ¢B . N\
$)#e**N #//+. Pvv *$N*-"Vv#"N#"#(V%BN+* JNS""(N"$N""&N

"(1*~-O0 NO N -1 ./*&0 N * & 40 NN ')O ) NN * -/.N $""&N [ # *' 2% * %] -3$) -* - N\ -*
Academy of Sciences of the United States of Ametit# p$(qP +(+&e+)N #//+.Pvv *$N*-"v#"N#")%v+) N"&"%$%+#"#N

YO NNO NN 1$ .0 NN "0$' -O N -**&.0 N *30 N +./$)0O NN 1).0 NN 32"0 ) N ) *1$ N $"#)N |
- -$)  -*/ ] Gloha\lEnvironmental Chang& % p - #qP *$e+#N #//+.Pvv *$N*-"v#"N#"#(Vv%N"'* )1 # N$S"#)N"#N""%N

)"0 NO N -$)*O NN ')#-0 N #*/).0 N -"O NN "$.*)O0 NN "")O N */O ) N ))$)".N $"#&N [ (+
A ( -*07$*)$) *$/$ .+ ) )INaureClimat® Chdhges p - #qP S##e#(N #//+.Pvv *$SN*-"VH"N#"%*v) '$( | $##+N

*

-$ -0 NN S$"#)N [ -$) *.GuireqitBiotbGy$)ND##QP '")e#"N #//+.Pvv *$SN*-"v#"N#"#(v%N 0 N$S"#)N"%N"$"N

/.O NNO NNN **& O NN 0) )O NN "-O NN -0)*$O0 N ) [//$c #$0 N N ¢/ O [/ 'N $"#+N [ "$( / . $
Y -*/ /$*) - BioBbizal Conservation$ % ( p 0"0./qP %"'e#&N #//+.Pvv *$N*-"v#"N#"#(v%N $* *)N$"#+N""N""'N

30 NNO N ++ '/).0 N -$)-0 NN 040 N 0)./)O N )$ #0O N - ) 1% .0 [/ 'N $"#*N [ $)&$)" + $/4 1
[2%-&. I* #$ 1 0./ $) ) Frontlerk$rt Mnne Sciencep +/ ( -qP %&(N #//+.Pvv *$N*-"V#"N%%*+v!( -.N$"#*N""%& (N

0'$ 00 N NO ) N  SinterRidge$Mlokl' Bathbase of Active Submarine Hydrothermal VentRields . $*) % N&N #//+Pvvl )/.c / N$)/ --$ " N*-"N

4- &/ -*10 NO NN 0) -0 N 0"'#0 N $'.0 N #-0 NN *.$)"# (O NN 0(40 ) NN *1 '* &N $"#(N [ #

* 1t ]*- | $EchNyical Applications$ ( p&qP #"''e)&N #//+.Pvv *$N*-"Vv#"N#*+"v# ' c#"))N
&0 NNO NN * O N )) 50 NN "0-*O N <5¢c $('O ) N -)it) 5N $"#*N [ # ‘= ' 'xx | [g*) 1§)"
Nature Communicationss p 0) qP $#*(N #//+.Pvv *$N*-"Vv#"N#"%*v.&#&()c"#*c"&'(*c5N
'# $0 NO NN O0($ O NNN (O N " -O N $"*)O N *0 ) O ) N 0'4N $"#'N [0-*. 1.N 0 )P *(+ -$)"
. %) ./ 1 PROSNONE#" p%qgP "##*%'#N #//+.Pvv *$N*-"VH#"N#%)#v%*0-) 'N+*) N"##*%"'#N
O N NO N 0$% --*c -$ 0 ) N ))4N $"#+N [ ( -. ' $.#$)" $) - . 4*) /[$*) "' 0-$. $ /$*)P  *(+ - /$1 ) '4.
Yy " () -")$. /$Homtersin Marine Sciencé p /* -qP '+ (N #//+.Pvv *$N*-"V#"N%%*+v!I( -.N$"#+N"""+(N
)) /IO NO N =-) -"O NN *)) "O NN * 40 NN *#).*)O ) NN **5) &N S$"#(N[# Y - | *0/# -) 1ZP  * ¢
‘o 1t 0./-'$z. "/ Marirte-and .Avashwater Resear€h p#qP &)e'(N #//+.Pvv *$N*-"v#"N#")#v #'$%SSN

* &0 N NO NN *).)0O N *-"). )0 NN $).#$+0 NN # -0 NN *'- O NN 5)0 / 'N $"##N[- &$)" + 3
YNNature &)' p 0'4qP *(e+"N #//+.Pvv *$N*-"V#"N#"%*v) /0- #""*$N

")# -0 NNO NN /.*)O NN 0'/)O NN *//-'"0 NN .#0 N -4) 0(c 0 ##*'50 N =« #) -0 / 'N $"#)N [ $)&
()" $.# -$ .0 ,0 0'/0- ) Niuge Beobgy®\Evolutiont p +/ ( -qP #$&"e&+N #//+.Pvv *$N*-"V#"N#"0%*v.&#" '+c"#)c"$ *c*I

'.$&0 NO N 4) -"O N -*-0c *1 -/O N # ($.//40 N ) -- OhdbDbteaNGenames Consaxvationdhdt@ / 'N $"$"N
Fair, Equitable and Sustainable Use of Marine Genetic Resdurcéd + - &0 $"# D N A 0./ %) ) *)*(4N H#$)"/*)O p *-
.*0- . )./$/0/ N
*- -0 NO NN $" -0 ) N *-(N $"#*N [ '* ' =/ +=*[ =*1 -Qci¢hbe-Adyante& P)HP / #/)#' '+ NN¥//+.Pvv *$N
UVHUN#H#S(V. S AN /)#'+N
*)"$*-)*O N NO N -4.*)O NNN -$"0 NN ).- 00 ) NN $'$ (.N $"#*N [ *- "$./ - 44 -4+ (- ) | o-x ("
0/*)*(*0. ) -2/ - #Puind &f Field Robotic%' p%qP %#$e$+N #//+.Pvv *$N*-"v#"N#""$v-* N$S#)#%N
*)) 40 NO N N #$-&0 N N #$"'$+.0 N $""$).0 NN " - O NN $' -c 0.#%$)"Scienceyd& ¥ p(#P*H4R $"#&N [ 3/ [ +.
#&% (e%)N #//+.Pvv *$N*-"v#"N##$(v. $ ) N#S$'# &N
*4 .0 N NO ) N ""'$*//N $"#&N [ -9) "$.U ISP # IS ( ] Y *-- ) 2o (ZP )] =) [$*) " 20 0-*+ ) $- /$1 . ! /$
Marine Pollution Bulletin* ( p#e$qP % +e&)N #//+.Pvv *$N*-"v#"N#"#(V%N( -+*" O'N$S"#&N"(N""'N
*5 O NNO N W --"O NN -0""())O NN O &#0-./0 ) NN O(4N $"#(N[- *. 2 ) $.# -% . -1 ./ ) I#
Proceedings of the National Academy of Sciences of the United States of Athgrida p# (qP &' % (e &#N #//+.Pvv *$N*-"v#"N#")%v+) N#("# $+##%N
- "40 NO N --$f" O NN $"'"-O N *(*)$*O NN $.*)O ) NN ' *)N $"#+N [ ++*-/0)$/$ . /* (+-*1 $.# -$ .
#)y* x4 ) 1) | 4AFisi{ aNd Fisheriess” p%qP '(&e*%N #//+.Pvv *$N*-"v#"N####V! IN#$% (#N
- $/0-"O NO NN 1$)O N . #'$ .O N - "*$-0O0 NN #150 NN *)40 N =-*)O / 'N $"#*N [ '$)$)" 34" ) $)

Science% '+ p(%)#qP ()$&"N #//+.Pvv *$N*-"v#"N##$(v. $ ) N ()$&"N

Critical Habitats and Biodiversity |



-$"".0 N N $"")N [ -$) *)"$/0 $) ' $* $1 -.$/4DPiverdty and Distrijution® %S Py NP '&&e''N #//+.Pvv *SN*-"VH#"N#### V9
&(&SNS"")N""%($SN3N

-$// )O N NO N *20O0 N )-40 ) N *-(N $"#)N [ 3/) $.# -% . *1 -Matupg Camuniitions# p) "S)'P )1$-*)( )/
#'%S'N #//+. Pvv *EN*-"VH#"N#"%*v) *((.# %S$'N

-0 &) -O NNO NN *#).*)O ) NN $ ' N $""%N [ *). -1 /$*) [-/"$ . I*- 00( -.P ) ++ ) $3
)/ -) /$*) ' -SPOBeche-de-mer Information Bulletih* p 4qP $&e% %N

0-1$) 0O NNO NN $//O NN *)*'40 ) NN 4 -.N $"#%N [ -'*-( ) *Biofopichl itvasionst' B #)2HMNE) -$)
#11+. PVv *$SN*-"VH#"N#"" V. #" %" "c"#$c"$('cSN

0-"..0 NNO NN (*/I0 N 2 .#30 NN 14 1.0 N '1' 0 N 1)*O NN ' O / 'N$"#*N [ -*
$- . 4 0% $)" '* ' SichcePo ! N\p(%*#qP #$' e *N #//+.Pvv *$N*-"VH N##S(V. $ ) N *&$&*N

0--*2.0 NNO N N / .O NN *./'"*O N 2 -.0 NN "-0O NN *30 NN '+ -)O / 'N $"#+N [ ) *((0)
#-(" $)$/% . ) (+ - /0- Natuge Llimdte Change p ( -qP +'+e (%N #//+.Pvv *$N*-"VH#"N#"%*v.&#"'"*c"#+c"(%#cC

0--*2.0 NNO NN #* ()O NN 0& 40 N **- 0 NN **5)&0 NN -) -O N -*¥2)0 /[ 'N $"##N [ #
<o =% % 4. BclerMa % %& p(" (qP ('$e''N #//+.Pvv *$SN*-"VH#"N#H#S(V. $ ) NH#SH"$**N

0--*2.0 NNO NN #* ()O NN $#-.*)O NN *'8$)* 0 N *())O NN 0& 40 NN **~ 0 / 'N $"#&N
0" 4 '$(/  NauBAN\p - #qP &+S$e+'N #//+.Pvv *$N*-"v#"N#"%*v) /0- #$+)(N

)*)$ *O NO N N 0//$"$ "O N *)/ .0 NN 0" -¢c -"-0 N / +$)0 N -$"#/0 N ).*)O [/ 'N $"#+N [ '*
$* $1 - .[odtis in Marine Sciencé p 0'4qP % ()N #//+.Pvv *$N*-"V#"N%%*+v!( - . N$"#+N""% ()N

~+)/ -0 NNO N --0 N 40 NN -*).*)O N )& O N -0 &) -O N #$-$ *" O / 'N $""*N [ ) c #$- *I
$.& 1-%( "$(/ #)" ) * 'SclencerbM¥ p'***qP '("e(%N #//+.Pvv *$SN*-"VvH#"N##S(v. $ ) N## +#+(N

p )L )/$*) *) $**"$ ' $1 5S/A4gNEHISWN -$/ -$ ) 0% ) 1*- YI$1A$)"  *xEng 4 k. $ErvE 4 $)$V
Designing Representative Networks of Marine Protected Areas in Open Ocean Waters and Deep Sea Habitats. Quebec/ -$ /N #//+.Pvv222N N$)/v
(-%$) v*v5* .¢c-*#0- c )N+ IN

#1 50 NNO N 4)0 NN '0#c */ O ) N $,0 )N $""%N [ -*( ) #*1$ . /* - $) . ) ScieRce®+AS$
P'("&QqP $#)e$#N #//+.Pvv *$N*-"v #"N##S(v. $ ) N#")'**"N

#0# -40 NO N $O0 ) NN *./ '*N $"#(N [ $(* '$/4 *I /$/0 $) Trends$n Ecolddy & ESoutiéa# +qms #) .. N\

()"e)(N #//+.Pvv *$N*-"v#"N#"#(V%N/- NS"#(N"(N""#N

#)"O NNO NN '/$ -$0 N N *- #$)O ) N N O0S$5N $"#+N [ ) =-$) . -1 . ./*-Ecdlogy#*"4n&{P0) /$*)$)"

"S(#)N #//+. Pvv *SN*-"VH#"N#""$SvV ANS(#)N

#0)"O NNNO NN (O NN -($)/*O N =-)40 N /[.*)O ) N 04N $""+N [ -*% /$)" '* ' -$) $* &
) -$*Fih and Fisheriest” p%qP $%'e #N #//+.Pvv *$N*-"v#"N####VHN#&()cS+)+NS""*N""%# N3N

#0)"O NNNO NN (O NN -($)/*O N =-)40 N /.*)O N '"-0 ) N O0'4N $"#"N [ -"c ' $./-$

YIS $) I# ) 0) - '$(GlobatChangBBiologs( p#qP $&e%'N #//+.Pvv *SN*-"vH#"N#H#H#H#VINH#% ('cCE&*(NS""+

# 0)"O NN NO NN $/# -0 ) N 0'4N $""'N [ 0554 *"$ 3+ -/ 4./ (/* A$(/ )/-%$).$ 3/$) /$*) 0') -
Biological Conservatiot $& p#qP +)e###N #//+.Pvv *$N*-"v#"N#"#(v%N $* *)NS""'N"#N"#)N

#0)"O NNNO N /.*)O ) N O0'4N $"#%N [ $") /0- *! ) Nat(ge)d+$)p '#4qP Sa@e@ N #I/HNRVY *SN*-"VH#"N#
) 10- #$# (N

#-$./). )0 NO N *'O N $-* $O0 N / ) &O N 0.5%*2.&$0 ) N 0'4N $"#&Mafine EpoldgyPrdgress# $*( ..
Series'#$ p /* -qP #''e((N #//+.Pvv *$N*-"V#"N%% &v( +.#"+&(N

$)) -O NO N ") #)O NN 20 NNN -# (O N $) O NN $.*)O ) NN O0"# .N $""+N [ $)&3$)" * $ '

$.# -$Cumant Biology#+ p%qP $"(e#$N #//+.Pvv *$N*-"v#"N#"#(V%N 0 N$""*N##N""'N

$.) -*.¢c / O N NO N *)/ (4*-c b+ 50 ) NN 10-5c -/<) 5N #++(N [ * '$)" [ -($)$./% [oo*0 " ]-0 |
Environmental Forcing, and Fishing in the Population DynamicSafdinops sagax -0' 0. $) /# 0'! *! Califbirfia ChoNarative Oceanic

Fisheries Investigations Repofs) p /* -qP $"#e*N #//+.Pvv222N ' *fN*-"v+0 '$ /$*).v ' *f- +*-/.vi%)v ' m +/m *'m%
' -O N NO N 5*./ &0 NN 1$//c -2$)0O NN #)5 0 ) NN O(N S$"#*N [ '* * [/ -). ) (+ [.*1 ' $[

) '4.$POS ONE#% pS$qP "#+"+')N #//+.Pvv *$N*-"V#"N#%)#V%*0-) 'N+*) N"#+"+")N

'-&0 N NO N "/# 0.0 NN #' #-O N $'$ (.O NN *2 )O ) NN *2 )N $"#(N [ # (+ [.*! +c $
1$ 2CES Journal of Marine Sciengéo p#qP '#e(+N #//+.Pvv *$N*-"Vv#"N#"+%v$ .%(.v!I.1#$%N

| High Level Panel for a Sustainable Ocean Economy



"-&0 N NO NN --¥)O ) NN )" /*)NS$"#'N [ 1'0/$)" /# .$ (). * -).+-)4* Make) ' $.# -$. )" ()
Policy ') p 0'4qP #'*e((N #//+.Pvv *$N*-"V#"N#"#(VWBN( -+*' NS$S"# N"%N""%N

'-& O NO ) NN - (N#++)N [ $1 -.$/40 [/$/0 ) $ Mé&ine Biodiversity: Patterds ahtiZProceldmsitpd by R.F.G.
O NN "

-(*) ) NN )" 'O #$$e&)N (-$" 0 P (-$" )$1 -.8$/4 - ..N

*'$).0 N NO ) N $'")0 1N S$""(N[ 3*)*(40 *'*"4 ) # DeedhogrdplhytandfMarire Bioldgy* AnMinnyal Review

1*'N &&0 $/ 4 NN $ .*)O N NN /&$).*)O ) N NN *- *)O $))e$$N * /*)O P < N #//+.PVV *$SN*-"v#"|
*41 )0 NO N 0./0.O0 ) NN " )N $"#"N [ # /0- "' )1$-*)( )/ . Cofiservation/Lette9) )& P4$SS®e$*N\#//+.Pvv

FEN*-"VH NH#HH#AEHAVIONH) 'cS(% NS"#"N""##*N3N

Y 00 NN S"##N [ ..*). 1-%( Y [# (+' () 1$*) KU [#  *.4.] ( ++ishatid Fishejie&$y "p Bq R #$6 *Nt# N

#11+.Pvv *$N*-"VH#"NH#H#A#HEVIONHAL()CE+)+NS"##N""&#"N3N

*/)50 NO N Z-"0 N “**/O N - -0 N -..*O N ))*)O N $(0-"O /[ 'N #++)N [ # 'O *l [# *-'Z. * 4|
+$/ Noture %*) p 4qP $'%e("N #//+.Pvv *$N*-"V#"N#"%*v%*)$'% "N

*/)5 0 NO N -**/O N 0//*)O N 1) - '*"0O NN ) -.*)O N 0%$.52.&%0 N - -O ) NN 0-) -N $"#&N [ #
*. 4./ ( -1$Clobal Environmental Chang&( p 4qP #'$e'*N #//+.Pvv *$N*-"v#"N#"#(v%N"'* )1 # N$"#&N"&N""$N

*/""*O NO N *O N "$ #O N N $.) -*.O N N - O The RuturerofF®d4iOm tNe Séa-H# ) "/F)ON $P#*N

*%0- . )./$/0/ N 222N* )+ ) 'N*-"v10/0- cl** ¢c. N

*/""*O NO N 1)*O N "1 'O NN /-0..0 N $ *-)O NN ')4 #0&O N N - ) #O0 [/ 'N $"#(N [ '* ' $.# -4 -*.-
) " () "$( .Mdceedings of the National Academy of Sciences of the United States of Athgridda p#*qP '#$'e$+N #//+.Pvv *$N*-"Vv#"N#")%vV
+) N#'$"&S$"##%N

*/"*O0 NO N 1)*0 N $ *)O NN $) .0 N . #).0 ) NN ./ -NS$"#SN [/ /0. ScienceOh$s). 1*- [# *-' Z. ) ..
P(#"(qP "#)e$"N #//+.Pvv *$N*-"v#"N##$(v. $ ) N#$$%%*+N

*/'"*O0 N NO N *'O N )*1 -*O N '+$)O0 N % 1 -0 ) N $'*.' 1$ #N $"#"N [ ).0. *1 -8$) $* $1 -.$/4 )*2'
# ' )" PLbSONE p*qP #S$##"N #//+.Pvv *$N*-"VH#"N#%)#v%*0-) 'N+*) N""#$##"N

*0- # (+O NO N )"0'*O N $1')0O NN 'O N $")*- /O N 070 ) N $)-NS$"(N[ -$/4 0 ) + $ . 3/$)/$
PLOS Biology& p#$qP &#'N #//+.Pvv *$N*-"v#"N#%)#v%*0-) 'N+ $*N""&"&#'N

- (O NNO ) N ' -& N #++)N [ # $./*-$ ' *(+*) )/ *! -$)  Matipe Bodivérsity: Pattérns andl Procébetied

4 NNN -(*) O NN " ) NN )"'O $'*e)wN (-$"0 P (-%$" )$1 -.$/4 - ..N

-2!*-0 NO N . ($ %0 N **(+$.0 ) NN *') N S$""(N[ [/*-. )g0 ) $)" -*"- .. 8) ./ '$.#8$)" *((0)$/4c . -$)
) *) .$Q™astal Management% & p#qP % +e (&N #//+.Pvv *$N*-"VvH#"N#"*"v"*+$")"""""%)+%""N

-05¢ *// O N NO N $'*.'"1%$ #O N '"*(*O N & )O N *) -O N *#' O N -*//O [/ 'N $"#"N [ [/l -). *1 +/$ "' -$ /%$*)

) -1$  * &4 #*- P "% PLoSIONBS pMNPQP #&%'&N #//+.Pvv *$N*-"VH#"N#%)#v%*0-) 'N+*) N""#&%'&N

0 4) .0 NNO NN -/2"0 N (1*-O0 N --$.#0 ) NN &.*)N $"#+N [# ' . 1-*( + P *0- 4./$ /| + $ . .-%
(" -4Marine Mammal Scienc& ' p$qP &((e+#N #//+.Pvv *$N*-"Vv#"N####Vv((.N#$'&&N

0""$.c 050&$0 NO ) N 0'4N $"#"N [ $'$)" /# $"# P '* ' 1'0 /$*) *I Mg Poli®#&-$'qP ) " ( )/ -" )$5 /$*).N
#"0% (e &SN #//+.Pvv *$N*-"VH"N#"#(VWHN( -+* ' N$"#"N"%N""$N

0-40 NO N &0)O N NN -2!*- 0 N =--c $#())O NN 08$[*) .0 NN #))*)O ) NN -#4NS"""N[(" '"$
X1y - /$*) ) /-0 /0-"' #)" .$)Y .+c IGESZourtiakof MEriNBScienty p% qP ("% e#*N #//+.Pvv *$SN*-"VvH# N#E"" (V% (. N$"""N")#

0-40 N NO NN *4 0 N *)#*(( 00 N )& -c $'..)O NNN -2!*-0 NN 0-) ..0 NN $'.0 / 'N $"##N [ "'* '
+1I$*)f ) ¢ #$- 1*- [#8ciefoe W& P (" (% QP #)"%A(N #//+.Pvv *$SN*-"VH"N##S(v. $ ) NHSH#S+$*N

)*1 -*O NO N ($O N Z"W ))*O N *-$)' .$0 N - . #//$O N )-0.'0 N $) 30 ) NN ** 4N $""*N [ 3+*) )
0) I$*)$)" $)& [* )I#$  $* Clirent Biblbgy#* M¥qP #e*N #//+.Pvv *SN*-"v#"N#"#(V%N 0 N$"")N##N"' (N

& '*10 N NO N N -$.#%$)0 N * $*)*10 ) N $#) 1 N $"")N [ -*+#$ . B R 22D L S S #
"$( #$% Pmdeedings of the National Academy of Sciences of the United States of Atheficgp $'qP #"'#*e$%N #//+.Pvv *$N*-"Vv#"N#")%v+) .N")"##"

1$ .0 N NO NN -'$ #0 N N #*2)0 ) NN ./*)N $"#"N[($)/O -*0/$1 ) $) ) -"40 ) ) 31 ) - $ ¥

- R RN ¢ GlobalEcology and Biogeographit+ p#qP +*e##"N #//+.Pvv *$N*-"VH#"N##H#HH#VIONH#E((C*SN*NS""+N""&+*N3N

1$ .0 N NO ) NN O(N $"#$N [ 3/8$) /$*) $.& ) 1 -f.#8)"P  *) $'$)" *). -1 /$*) ) $.# -$ . -.+ [$1 .*) /#
$ )ISV  #.0"0./qP "(#N #//+.Pvv *$N*-"VH"NH#"%*v.- +""" (#N

Critical Habitats and Biodiversity |



-04)0 NO N 0-00 ) N -) N $"#%N [ # - 0/$*) -4 ++-* # [* $.# -$ . )" ()P *2 [#$. $. &) $)

$.#-$ . )" () -")$. /$*).Marine Palle* p - #qP %+)e&" (N #//+.Pvv *$SN*-"VH#"N#"#(VUN( -+* NS #SN"(N"#+1

-*¥/0 NO N -) -0 N1) - '*"O N */)50 N =-)-0O N - /O N #-$./$ O /[ "N $"#$N [ '* ' ./$(/
-1$ . $) *) | -4EcOSytew Service# p#gP e (#N #//+.Pvv *$SN*-"VH NH#"#(VON *. -NS$"H#SN")N""'N

“*. )/*0 NNO N -0.c¢c ).)O N '"*1 --*O N -0 NN 0-/O NNI1) /2$%&0 N -50 / 'N $"#+
0-*+ ) "o .. *IQathre Communications#" P % %' ( #//+.Pvv *$N*-"V#"N#"%*v.&#&()C"#+CH##%&"C&N

.0 NO N 0$ 0O N )-40 N " O N #O N *" - .0 N -0 [ 'N $"# NSci@ge%& P ($%9RJP) $1 -.$

HS(H("'N #//+ Pvv *$SN*-"vH#"N##S(v. $ ) N#S(#("'N

$ .0 NNO N -/$)O NN -($)0O NN O0-f"O N ('O NN #$'"'$+.0 N / .O Biologtals"#+N [ #- /. [* .
Conservation$%) p +/ ( -qP '$'e%)N #//+.Pvv *$N*-"v#"N#"#(v%BN $* *)N$"#+N"(N"% %N

$5c0'$*0O NO NN **&O N *10 N -&'().0 N *O NN '$) 0O N &0 /[ 'N$""+N [ **( ) **(*)

1 -"-%2/# ) *-'  PLSONE& p&QP '$%+N #//+.Pvv *$N*-"V#"N#%)#V%*0-) 'N+*) N"""'$%+N

$ -)*O NO N #$%-$ /0 N $ -'*O N $($/-$ $.0 N -) *0-O NN 0/$ -- 50 NN -$.. O / 'N $"#(N
S alEa() e (et $L# =S L S WOWNN H*pl. ( -qP %*#%'N #//+.Pvv *$SN*-"VH#"N#"%*V.- +%*#%'N

$ *-)5*O NO N "0 /O ) N 0% //$N $"#(N [ +$''*1 - 1-*( -$) -*/ |/ - L % ) s#E -8 . L) T
Journal of Nature Conservatio®o$ p 0'4qP ($e((N #//+.Pvv *$N*-"v#"N#"#(VHON%) NS"#(N"&N""&N

$50 NO N *#).*)O N $ 'O N .O N //I"O N % - O N ))$" O ) NN * -/.NS$"#*N [ $)./- ($)"
I# - /I$1 - ¢ . *). -11/%%) .0- Mapine PSIRMN Y N 0'4qP $'#e(#N #//+.Pvv *$N*-"V#"N#"#(V%N( -+* N$"#)N
*) ' .0 NO NN */ '""$O N $"'O N #$( 500 N *4 .0 N $1-.0 ) NN "0--)N $"#&N [ .. (' " $(

4./ (/$ *Scince% && p(#*#qP $+(e++N #//+.Pvv *$N*-"V#"N##S$(v. $ ) NH#S$S&*&*&N

*0"#/40 N NO N *()O N O0-40 N *IO N ,00 NN && -O N '"#$0 N N 0))$)" -NO ) NN 1 )$)
$ )/ .Modceedings of the National Academy of Sciences of the United States of Akh#réa p & qP *(*e)%N #//+.Pvv *$N*-"v#"N#")%v+) .N#'"$

0-/O0 NNO N "0./$0 N -8%-O NN -%//)O NN ./$'" O Nc N [//0.*O N N ONatwg'*OP BoNe'8N¢t .O [/ '
#1/+. Pvv *$SN*-"V#"N#"%*v. &#"'*(c"$"c$#&(c)N

0-/O0 NNO NN * O NN )-$&.0 N 5--.0 ) N -gN $"#% N [ # *' *L * [ ") *((0)$/$ . 1*-
+/ /$*)ture Climate Changéb p *1 ( -qP +(#e(*N #//+.Pvv *$N*-"v#"N#"%*v) '$( / #+)"N

0-/0 NNO N $)/ .0 ) N - oN $"#% N[ .. ..$)" /# $ +/0- */ Yb@rrialdf Applied Ecology* -pA%P -*% /.N\

#%&#e&+N #//+.Pvv *$N*-"VH#"N#H#H#H#VHWH('cS((&N#S$#''N

0-/O NNO N 00 N $*O N -0#)0 ) N -0.c¢c ). )NS"#)N[ ) 2 (%) 4 $) US( 1 #)

Frontiers in Marine Scienc& p +-$'qP #""N #//+.Pvv *$N*-"v#"N%%*+v!I( -.N$"#)N""#""N

040 NNO NN !'# &0 NN /0 -/c ($/#0 NN 1 --/0 ) NN " -NS$"#(N [ $* $1 -.$/4 )Y# ) . 1§

# )" IRkoceedings of the National Academy of Sciences of the United States of Athgriba p$SqP ($%"e%'N #//+.Pvv *$N*-"Vv#"N#")%v+) .N#

0'140 N NO NN *2'-O0 NN 0.$&0 NN 1) "#0 NN 4) O NN --$.*)O NN -".*)O / 'N $"#&N [ 3/

) 4 .¢life %P ""'+"N #//+.Pvv *$N*-"v#"N)"'&v $! N""'+"N

0'140 N NO N  *140 ) N N 4)* N $""%N [ 3/$) /$*) FisH pnd FBheeRS) # 75 )3 ' e (&N #$+).RVV *$N*-"v#"N#"§&
WN#&()CS+)+NS""%N""#" N3N

0- )O NNO NN '"$-0 N 0-+#40 N & 'O N % - O ) NNN *) . NS$S"#*N[)1$-*)( )/ " (+ | .. ..(
- NMdrine Policy*) p )0 -4qP #+&eS$"$N #//+.Pvv *$N*-"v#"N#"#(VIN( -+*' N$"#)N#"N"#%N

0-0$'0 NO N *- -0 NN 0-)//O N -*.0 ) N *(NS$"#*N [ 1/ -28)"8$).$ -*/ [ - . ) -($)
O $ L #$)" */Sciehthlo ($ p(&$SHQP #&"%e)N #//+.Pvv *SN*-"VH N#ES(V. $) N 0" (#N

.0 NNO NN "3) -0 NN ' # &0 NN /.0 NN $)$)(*)/#0 N N #*(.*)O N N 040 N N *./'*O
) *o'c <% .. *)[-$ 0/ [* 0'/$c+#4' - $ )/. $) Stierice Adpance$tl p#SAPN\H) " &#+N H#//+. Pvv *SN*-"v#"N#H
% IN#)""&#+N

"0 NNO NN /.0 NN $-0 NN *) .0 N $)$)(*)/#0 N N /0 -/ic ($/#0 ) N N N $"#(N [ 2 ++-*
+ *1 *x'xvg ' Anhudl\Reviews of Marine Scierfcegp )0 -4gP &% 'e(#N #//+.Pvv *$N*-"V#"N##&(v ))0- 1c( -$) cH#SS&#&C" % %

".0 NNO NN )"#((-O N "")O NN -**&. 0 N -*$ 0 N -*.0 N $'10 / 'NS$""*N [ 4 $* $1 -.$
[# %), -1 /$*) *1 -$)  $*'*"$Aquati® Cons@rvathoh: Marine and Freshwater Ecosystémisp (qP +(+e*%N #//+.Pvv *$N*-"v#"N#""$v

| High Level Panel for a Sustainable Ocean Economy



-0 N NO NN /0 -/c ($/#0 N N $'$.0 N $)$)(*)/#0 NN & -O N )&.O N N --//O [ 'N $"#&N [ '* ' *). -1
K[ - L 2$/# $1  4ANatudeDr N\ -0 -4qP $#(e$"N #//+.Pvv *$N*-"VE"N#"%*v) /0- #%"$S$N

"“-O0 NNO NN -0 ) NN /0 -/c ($/#N p$"#+gN [ &) .. . $) /[* & .. ..() * ""$)" ) )y () - 1% . I $.#
Aquatic Conservation: Marine and Freshwater Ecosyst@msP $"#"e# (N #//+.Pvv *$N*-"v#"N#""$v , N%#(#N

4 -$0 NN $)/5)0 N O0#'c*-/).)0O N O0#'c*/).)0O N /-3$)*O NN $).)0 / 'N $"#)N [ #

N
$./-$ 0/$*)O )/ ).$/40 ITES Journaljof MagneiStiend& p% qP *&)e ('N #//+.Pvv *$N*-"V#"N#"+%vS$ % (.v!.2#+&N

$" -0 N NO
0-*+ ) [ -.P

p *)*($./ ) s") YheRNieECHndmy: Growth, Opportunity and a Sustainable Ocean Echhnomg  *- & P N

"1$ "0 N NO N #*.#0 N 0"#0 N #$5#$)0 N N .00 NN / O N )'*. 0 ) NN O0)"N $"#*N [ /$)" /# I$:
$.$ " )I- - ("$)" $*( /- 0%/ * [ Frontiér$ i) Marin®lScience p +-$'qP #%S$N #//+.Pvv *$N*-"V#"N%%*+v!( - . N$S"#*N""#%$
)OO NNO N -/O NN '"-&0 N 0 )O N '0 O N *-)O N *0-.0 / 'N $"#'N[) $")*0. $* 0'/0-"' )*2' " §)
Yy " ()P 1% 2 ) ).$"#/ !-*(Biddagical Gohbervation#*# p )0 -4qP #% %e&+N #//+.Pvv *$N*-"v#"N#"#(V%N $* *)NS"#&N##N"
-$.()0 NO N 4()0O N * -O N 5-0 N $//()O N 0-/*c -*+ 50 ) NN (/#N $"#' N[ $.# + 2)$)" ""- " [$*).]
Y () I$*). st s ) f/.1*- $.# -$ . )Fish*gnd FlsheHeY N\p#qP #$#e&&N #//+.Pvv *$SN*-"v# "N####V!I IN#S#H% SN
/.0 NNO N =-*"#0 NN - .#-.0 NN *2-0 N -"-0 NN *) O NN -+ )/ -Sciefice'®%Y##N [ -*+#$ *2)"- $)
P("&"qP % "#e(N #//+.Pvv *$N*-"v#"N##$S(v. $ ) N#S$S"'#"(N
p** ) "-$0'/70- -")$5 /%$*) *! [# )$The FAGsIh)ergadtiosd! ' Guiielines for the Management of Deep-Sea Fisheries in the High
Seas. *( P $.#-%. ) ,0 0'70- + -/()/O N
N p$"##qN #)$ ' 0% '$) . I*- L +*).$ " $.# -$ Nrarire.RroteBted Argas and Fiskefies *N &O O0++'N &N *( P N

N $ " #reNState of World Fisheries and Aquaculture 2018—Meeting the Sustainable DevelopmentGo&®s. N #//+Pvv222N! *N*-"v%v$+'&" )v
$+'&" )N+ IN

0/$)0 NO N '/*)O NN )50 NNN *"O N 0/5& 0 N *.) -"O N )$!-0 / 'N$"#"N[) 1-1$ 2 * -$)
PLOSONE p*qP ##+#&N #//+.Pvv *$N*-"Vv#"N#%)#v%*0-) 'N+*) N""##+#&N

) .0 N NO ) NN **&N $"#%N [ 1 -. ' *I $.# [* & CutehtBRJody$ %* p/# q P #/&%MBe WYN #//+ Pvv *SN*-"VH#"N#"# (V%
0 N$"#%N"(N"#(N

-)) .0 NNO NN '+#0 N $/*O NN -$ *O N .$' &*+*0'*.0 NN =-1'$ .0 NN **&0O / 'N $"#)N [ *# - )/
$.# . #*2  "$*) ' $1 -") ) " Nadire Etolofyand EvolutioBt p 4qP "#)"N #//+.Pvv *$SN*-"VH#"NH#"%*V.&# +C"#)C"#)"N

$. # -0 N N #+("N [ /$/0 $) ' -$ /$*Evohilion#8& P# oL (KBFEN\ #//+ . Pvv *SN*-"VH#"N#HH##VIHNH "*c'(&(N#+("N/ "%"' )N3N
$.# -0 NO NN Z -40 N *2c #*40 N )" -. )0 N )*2'/*)O NN -$) -0 ) NN '4NS$"#N [+ $ . $ #) .. %)
*Y1 =" )/ '* ' . [$(ClrreNtBiology$' p&qP '""e'N #//+.Pvv *$N*-"v#"N#"#(V%N O NS"#&N#SN"$SN

£"'$)$0 NO N -) O N =-#.0 NN - #$0 N - (+*'8)$0 N )" ' //$O N ./ ' )O [ 'N $"#+N [ ++'$ /[$*) *1 4+

$// ++$)"0 *0/# -) SBnd@rst+ N¥"QqP $$(#N #//+.Pvv *$N*-"VH"N%%+"v. #+#"$$(#N

**& O NO N -+)/-O N '&-O N # -O N "(,1$./O N 0) -.*)O ) NN *'$)"N $""&N [ "$( #$ .0 .%$'%) )
) " ( )/NAnnual Review of Ecology, Evolution, and Systema#cs p ( -gP "")e*#N #//+.Pvv *$N*-"v#"N##&(v ))0- 1IN *'".4 . N% ' N"$##"%N

* 0 NNO N % -)*O NN 0"0.0 NN $..-0 N ' -/O ) NN -.NS$"#* N[ 1.0) - $"f/# $.0 0//$1 -
)I#$ 4 )* | -$ 'Frortiedd in Marine Science p -0 -4qP #*N #//+.Pvv *$N*-"V#"N%%*+v!I( - NS "#*N"""#*N

* 0 NNO N -"./#0 ) N $' *3N $"#* N [ # .$)" /# $.# $'f* 0)& - .. '. Prontie#sin Marifie Seierice $ . -$(  /2*-&.U\
"p 0"0./qP $ON #//+.Pvv *$N*-"V#"N%%*+vI( -.N$"#*N""$ ()N

*~ 0O N NO N 'O NN - /40 N *. -* &0 ) N $' *3N $"#* N[ *$/ -$)" 2BUGS ONEA M p)H4®)" "B "#0O0+1$ - .. " [
#1/+.Pvv *SN*-"VH#"N#%)#v%*0-) "N+*) N"$""#*+N

* # $(0 NO N -$($ -$*O N *#)) .)O NN )"1'.)0 NN .#)0 ) NN *"*IN $"#'N[ )/ -(8$)" e +$
*((0)$/$ . $) /# Natuté Qlinate Change p 0'4qP ()%e))N #//+.Pvv *$N*-"v#"N#"%*v) '$( / $(&)N

-)&0 NNO N /-$0 NN #*$0 ) NN """ [IN $""'N [ -*+#$ .  .Sbipnceds ¢ g4 $*qP *#6$#e$%N 441/ {NRvv *$N
UVETN#ES(V. $ ) NEH#%')'N

- 0 #0 NO N $ ()0 ) NN ($/#N $"#)N [ # (+ [.*1 YL$-*)( )/ " ) * $*c *)*($ [- ..%-.*) (' ' $.# -$ .
$.# -. $) #ApplNd Geography+ p  ( -qP #e##N #//+.Pvv *$N*-"VH#"N#"#(V%BN +" *"N$"#)N"+N""+N

Critical Habitats and Biodiversity |



-$2 "0 NO NN *..§yO N - # )0 N *. "*Co@-Water Qo Reefs:/Ott o8 SightN-No Longer Out of Mirtd.$1 -.$/4 -3 . $$N
(-$"0 P )$/ [$*). )1$-*)( )/ -*"-(( O *-' *). -1 /8$*) *)$/*-$)" )/- N #//+.Pvv - #$1 N*-"v [ $'.v *

-$2'0 NO N *" -0 N '"c+) -O NN 0$)*// O NN 1$ .0 N ..*)O NN -/$)0 ) NN /# - *N $
.U N\ -.$*) 'N"N $ # 0+ / /*/[# /| ./$) -%$2' | 'N p$""&qN #//+Pvv / NO) +c2 ( N*-"v / . /.v%N

-$ ()O NO NN -$0 ) N $ NS"#*N[ $)./- (SaiheBolicyr -p$/4/$) -HB $$+B "N #//+.Pvv *SN*-"vH#"N#"#
(-+*' NS "#*N"%N""#N

-$..0 NNO N *™ -0 NN *1'*&0 NN -0..0 NN ($'/*)O NN O N O .ON -$(1-0 [/ 'N $"#+N\
- . )0 ) 0PAnnudlReview of Environment and ResouesP *+e##'N #//+.Pvv *$N*-"v#"N##&(v ))0- 1c )1$-*)c#"#)#*Cc" % %%

“yO NNO NN 4-) #0 NN " ())O ) NN ) *0/ )N $"#*N [ -*+#$ $") /0- . *| Scace 0"" ./ #$ . $)
Advances& p$qP  *%+&(N #//+.Pvv *$N*-"Vv#"N##$(v. $ 1IN *%+&(N

") O NNO N 4"*) 00 NN )&$).0 NN 3/*)O NN *'- O NN 5)0 / 'NS$"$"N[*2 - . '* ' ) -
- /-$ ' $* $PLoSIOMER pSqP "$$*"('N #//+.Pvv *$N*-"vH"NHB)#VI%*0-) 'N+*) N"$$*"('N

$) .O N NO ) N O # ) *N #+*$N [ )S$f +H-F #[* 0 -$) ' )/c - $1*-  Annual Beéview oNEcaboyy ard +#$ 11 =)
Systematics# % P ###e%*N #//+.Pvv222N%./*-N*-"v./ ' v$"+)"(&N

$) .O NNO N #$/ O NN --O ) NN '0O( $N $"#"N [ .$")$)" -9) .1 [2%-&. I*- *[# *). -1 /$*) )
Proceedings of the National Academy of Sciences of the United States of AmieriRa#*$* (e + %N #//+.Pvv *$N*-"Vv#"N#")%v+) .N"+"(&)%#")N

(1"/O NO NN I'# &0 NNN 4-) .0 NN -$)'0 NN 040 ) NN -$ $)N $"#&N [ -$) $* $1 -.$/¢
Yy #1Z. koS #$& p%AP $'Se('N #//+.Pvv *SN*-"VH " NH#H#H#HAV SEN"#'&+N

Y*'* O NNO NN "-0 ) N $.*)N $"#(N [ (+ -$" + $.9%) ,0/% A4 (PO(-"$) #- 1.0 )" ()] )
*). -1 /$Makne and Freshwater Ecosyste®§ p'qP *'*e)#N #//+.Pvv *$N*-"v#"N#""$v , N$)")N

-$ 0 NNGS$"#'N[*1 -)) O $) O ) *$ /4P # * . 4 Hapdbeek-of Mirine Fi$heties$Carldérvation and Management,
$/ 4 NN - *)O N $" *-)O N ,0$-.0 N $/0 ) N $"$ (.0 *)e+*N 31*- P 31*- )$1 -.$/4 - ..N

J*)O N NO ) N NBiogifersit) AihgoductipN $) N 31*- 0 P ' &2 ' $) N

/10.*O NNO N "))O N $'0O0 N #0)'O NN *2 .0 N **.0 N " ()O [/ 'NS$"#N [ *)/-./$)" 0/0- . I*-
Y/ #-F+E" ) S $ ($..$*). Sclenck%N\+ p($&%wqP &)$SN #//+. Pvv *$N*-"v#"N##S(v. $ ) N &)$$N

YO N NO NN $'$()0 ) NN -/) ..NS$""+N [ )/0-$ . *I 0( )c -$AnhuakRevievsof Marine Sciéne®* .4 ./ (. N\
##)e&H#N #//+. Pvv *$N*-"VH#"N##&(V ))0- IN( -$) N"#"+"*N#(%+%"N

“O NNO ) NN * -/.NS$""%N [ ) f/. 4*) *0) -$ .P # $Trenddin Ecology & Evollligi* p+fP. M &*e''N #//+.Pvv
*ENF-"VH NHEH(V "H(+C %&)P % #+C)N

$'0 NNO NN .$0 NN # $0 N '"20 NN /-0 N -).0 N -$"$0 /[ 'NS$"#)N[ + $/4 #*-/1"
<Y UMAMWe &% p - #QP (("e(+N #//+.Pvv *$N*-"VH"N#"%*v) /0- $#)"*N

$°()0 NO ) N $)"( N $"#%N [ /) - %= . .$)" - ).+ =) 4$) Y*-(/$*) *) *(+'$ ) 2$/# '$" [$*). *1
SUYSE IS*).P S I$*) [#-*0"# . ..( )/ <V I# 1 -) ) )I-'  $Dceah a#id ChastaNaSagerier®\ p *1 ( -qP
%He Y% +N #//+.Pvyv *$SN*-"VH"N#"#(VOHN* * ( JNS"#%N")N""(N

$'()0 NO N ..f'0 ) N & (0-N $"#&N [ -1*-() *1 "$*) ' $.# -$ . )" () -")$5/$*).P *.4./ (c

) $. - FiShandFisherie§' p$qP %$)e'#N #//+.Pvv *$N*-"v#"N####v! IN#S"$S#N

$'()0O NO N $% -()O ) N 00-*) )N $"#)N [ *'*"$ ' [ 1-x( -1 - -*"-((. ) -+$) IGCE8./ (¢ . $.# -

Journal of Marine Science& p(gqP #&*#e+'N #//+.Pvv *$N*-"v#"N#"+%v$ .%(.v!.3"%$N

$-$0 NO N #$)"'O NN $ .5)0 N #00 N $)"#0 N *1 ') O N . &0 ) N O0& N $"##N [/ /0. ) $./-
-l# -1 1$*) s /P /0. ) $./-$ 0/$*).Gtdbal Ecologyghd*Biogébgraph$" p#qP #'&e'+N #//+.Pvv *$N*-"v#"N#

%NH#&((C*$S%*NS"#"N"""*&N 3

% - O NNO N 0--$0 N *2&0 ) N &N $"#%N [ ) $) -$'P I*($)" /# )" () *1 '+ ) $18)"
0-$. $ /Bajimé\Pollution Bulletin) & p$qP '&"e'#N #//+.Pvv *$N*-"v#"N#"#(V%BN( -+* 0'N$"#%N")N"%)N

¥.'$ &0 NO N ) # -0 N $3*)O N '40.# # )&*O N # 00 ) N **- N $"#)N [ **""  -/# )"$) P ') [ -4c
Remote Sensing of Environmefit"$ p#qP #*e$)N #//+.Pvv *$N*-"v#"N#"#(vo%N-. N$"#)N"(N"%#N

- 40 NNO NN $/)-O NN $)/-O0 N . #)-0 NN $//).*-O N *- O NN ($/#0 /[ 'N $"#+N [ / *'$
- [*-.tlence % (% p(&$'qP J&$S"N #//+.Pvv *$N*-"Vv#"N##S$(v. $ ) N /&$$"N

| High Level Panel for a Sustainable Ocean Economy



-# (0 NNNO N ))$)".0 NN $'0 N *0$''*/O ) NN $.*)N $"#'N[- $/$)" '$(/c-$1) "$( #$. -.0.
I.Nature "#* p -0 -4qP +&e+)N #//+.Pvv *$SN*-"VH#"N#"%*v) /0- #&#&"N

- )O NNO NN 0(40 N N 2 - .@Renote NBer¢ing HatadboBK Troical Coastal Management -$.P ) $/ /$*). 0 /$*) 'O
$)/$f ) 0'/0-"' -")$5 /%$*)N

- ($" /O NO N *) #*)O N ' 5)40 N NN '*(-.0 N -+*05%0 ) N 0'4N $"#*N [ -.$./$)" *-' 2% $-¢c $.#
*((0)$/4 "$Qurent Biology$ * p$&qP &""+e#%N #//+.Pvv *$N*-"V#"N#"#(V%BN O NS"#*N#"N""#N

0)) 'O NO N -& (O N 0""$ -*O ) N -0/ .N S$"#(N [ # *2 - *1 #- P *-' 1.0 -0 ) ) I ALY A A Y
# $-  .$'SPLOSNONE## p)qP "#'*"+&N #//+.Pvv *$N*-"VH#"N#%)#v%*0-) 'N+*) N"#'*"+&N

0$'" (// O NO N -"*$- 0 N *0$'"/O NN $'O N * 0O N -*)O ) N ""/$ -NS$"#*N [ - $)" $'0- *! $- .
#- ) )$1 -. " #- .#* *I **  Majine)Ectldgy Progress Series) p )0 -4qP $%'e&'N #//+.Pvv222N$)/c- .N *(v -/$ "' .v( +.m* v

("*)+$% N+ IN

0-) 40 NNO N $))-O N )O NN -..40 NN (+ "O N .$%20 ) N /$2 )N $"#&N [ *1 -/4 ) -*/ [ -
S$) )/ - *). -1 $*) ) 1 '*+( )/ -*% Glol§s) Ejvitonméntdl\Changg( p 4qP +*c#")N #//+.Pvv *$N*-"vH#" N#"# (V%N
"tk )1 # NS$"H&N"&N""%N

.O NNO NNN $-*50 NN "40 NN "*)O NN $). "O NN 2-.0 N $' Naure/MichobBIlogyN [ '* ' $ -* $ "$5 /¢
#p +-$'qP #("&SN #//+.Pvv *$SN*-"V#"N#"%*v)($ -* $*'N$"#(N&$N

.0 NO N 2-0 N O ) N " ($)"N $"#+N [ # )g0 ) *I -1*-() 1$ 2. *) "SHUCES Hunals . ) " () -" )$5 |/
of Marine Sciencg( p)qP $"*$e*+N #//+.Pvv *$N*-"v#"N#"+%v$ .%(.v!I.5"**N

"+ -)O N N $""%N [ # (+ [ *1 -$) . -1 .P * . -1 . *-& [Ecoldgical Applitatios§% p/+Hb\P ##)e%)N #//+.Pvv *$N
FOUVHUNH#FAVHHC") (PSS "% Q" H#%IrHHE)P s$N"N QSN

'+ -)O N NO N -5% -0 N ' #O N N *2) .O N $# '$O N Z -0O N - *-F0"#0O ) N N '&* N $"#+N [ )/
Y # k- Z. BNY/ SV Hp.0"0./qP ##("+N #//+.Pvv *$SN*-"V#"N#"%*V.&# +*c"#+C&)$"#c+N

'+ -)O NNO N -5%-0 N */ +)&*O NN .40 N *)$"0 N *)"*O N N *2) .0 / 'N $"#'N [+ /$"' ) (+* ' #
(+ /. *) I# *-' Z. NatujNGommunications( p 0'4qP )(#'N #//+.Pvv *$N*-"v#"N#"%*v) *((.*(#'N

‘4 )0 NNO NN ./-0 ) NN ') -NS$"#"N[ +$"'*1 - I-*( -$) . -1 .EnyirohthentakCongersiclio?6ot! $.#  /* &.N\
p&qP $(*e)(N #//+.Pvv *$N*-"VH#"N#"#)v "%)(*+$+#"""""% SN

'+ -)O N NO N '-$ " 0O NN '&* O NN ++ 'O N $#'$0O N Z"-*. O NN -0)*O / 'N $""*N [ e + *1 0

Scienc % #+ p'*('qP +&*e'$N #//+.Pvv *SN*-"VH#"N##S(v. $ ) NH#H#&+%&'N

). )O N N $"##N [ )/-* 0 /$*) /* 4)/# /$onarSys8m® *)$/N\ 4 N N *' 10 %e$*N $% & O -* /$ P ) #N #//+.Pvv *$N
UVHETNT))SVS%ASSN

-0 NNO ) NN )/ONGS$"""N[(+$-% ' 1% ) I*- *-/#  $fProgtdse in @kancBiaphg)) pSe & gP+H1%e &' N #//+.Pvv
KENF-VHINH H(V )+ ((HHPTUG "% % C#N

2$.0 NN $"S$"N [ )/#-*+*")$ #- [. /% WS *(SLHENV . ) /#S $/ /u I' R WrEL k(%4 #$ 10- .
and Benthic Habitat® $/ 4 NN --$. ) N N & -0 %'e("N *) *)P ‘. 1$ -N #//+.Pvv *$N*-"V#"N#"#(v +)*c"c#$Sc%* #&"c(
--$.0 NNO ) NN & -N $"#$N [ #4 +W*FL#S*(*-$B1 U ).  )/#$ $/ /0 ['KL WERRL R (Rt #S 10- .
and Benthic Habitat® $/ 4 NN --$. ) N N & -0 %e$$N *) *)P ' 1$ -N #//+.Pvv *$N*-"v#"N#"#(v +)*c"c#SCc%* #&"c(

--$.0 NNO N ($'')c 2' -0 N 0++0 ) N N & -N $"#eaNnd Geology?s"$ *p AR Be S&N)#MA+. Pvyv *$N*-"vE#"N#"#(v%N
(" *N$"#&N"#N"##N

--$.*)O NNO NN =--40 N $(+.*)O NN .'//O N '$#-.&0 N 00-O N 0)!*- 0 / 'N $"#&N [ $)& " . /2 ) $
-1$ P 4./ (/$ cosystedNServicest p +/ ( -qP #+#e$"%N #//+.Pvv *$N*-"v#"N#"#(VHN *. -N$"#&N"'N""(N

/<0 NO ) N " #$N $"")N [ $* $1 -.$/4 )  Naturé Q&G M) B*¥*Sd 4NN #//+.Pvv *$N*-"VE#"N#"%*v) /0- "' +&)N

$)*O NO N <5 0'$O ) N $ &())N $"#'N [Anntal-Review pfEcologyl, EVoIsidr BRd Systematicsp ( -gP &(#e*"N
#//+. Pvv *$N*-"Vv#"N##&(v ))0- 1c *'.4.cH#S&H#&C"' &% %+N

40 N NO NN $.#*+0O NN -$/ #' 40 NN 0")*/O N $-*"$O N 4 -c $)/*O NN # #)O /[ "N $"#)N [ )/$!4$)
$( )/ -4 $ /Jéuidal of Experimental Marine Biology and Ecologiy+$ p 0'4qP % #e&*N #//+.Pvv *$N*-"v#"N#"#(V%N% %( NS"#)N"#N"$"

$' *-)O N $"#*N [ - ICES Jb@irhallbf Marine Scienfe p% qP ##("e($N #//+.Pvv *$SN*-"V#"N#"+%v$ .%(.v!.3"(*N

Critical Habitats and Biodiversity |



$" *-)O NO NN (*-**O NN ) -.*J)O NN O0(O NN -)#O N *./'""*O N N **-0 [/ 'N $"$"N [ /$1
(+-*1%)" $.# [* &rotekdinys of the National Academy of Sciences of the United States of Athér)jcp & qP $$#*e$&N #//+.Pvv *$N*-"v#"N#
+) CN#+"+)$(##(N

$"*-)O NO ) N 1) *N $"#&N [ g /$*). *) /# 0 .. *1 - KEEBJourna ofMatine Scignfe( p/dP #"&"e& (N #//+.Pvyv
*EN*-"VH"N#"+%VvS .%(.v!.0"%&N

* 40 N NO N NN '$1 -O N ) 0+/ O N N )/#04. )O NN 0--*2.0 NN *) /O NN *'" -**&0O [/ 'N $"#*|
Oceanography % # p$qP #($e)%N #//+.Pvv *$N*-"v#"N'()"v* )*"N$"#*N$"'N

*# -0 NNO N ($'/*)O0 ) NN =-$ -N$"#+N [ )"-*1 . # '/ - * ./Proce&dingsof thé Slathal Academy of*) . N\
Sciences of the United States of Ameri¢# ( p$'qP #$$%$e%)N #//+.Pvv *$N*-"v#"N#")%v+) N#*$""()##(N

*"#c 0' -"O NO N ' $- 0 N #*+$)0O N $) .0 N 0" )The OGcear(as@ Sditioch2o Clihaté Chahgp BiveN
Opportunities for ActioN . #$)"/*)O P *-' .*0- . )./$/0/ N #//+Pvv222N* )+ ) 'N*-"v '$( / N

*"#c 0' -"O NO NN 0(40 NN **/)O0 NN /) &0 N - )f'0 [/ 'N$")N[* ' 1.0) - +$ '$(/

Scienc % #* p'*')qP #)%)e&$N #//+.Pvv *SN*-"vH"N##S(v. $ ) N##'$'"+N

** O N NO ) NN /- *)N $""(N [ *+ +* $* $1 -.$/4 . ) ) $ [*-*1 #)" | $) ) ) S *) $/$*). *L#
*.4 ./ (Nwnology and Oceanography# p(qP $(")e$"N #//+.Pvv *$N*-"Vv#"N&%#+V'*N$""(N'#N(N$(")N

**+ .0 NO N e-"-0 N )( O N -*O NN .O N )*O N 0(*)/O NN //-$""0 ) N 0./ )N $"#+
I* $.$*)  &S$)" 1*- [#  -$) Erbsysten{SerNde%* p 0"0./qP #""+&)N #//+.Pvv *$N*-"VH#"N#"#(V%N *. -N$"#+N#""

.$#0 N NO NN $..0 NN 0)/ -0 NN $)"/*YO NN 40 ) N 0"$# - N $""(N [ $.#$)" "1/ . -$ $'¢
Nature & &% p /* -qP *'+e($N #//+.Pvv *$N*-"v#"N#"%*v) /0- ""$%$N

0"# .0 N N $""&N [ '$(/ #)" ) *..* ‘[(-.# .P Iby.#0()p.#4P $SHFeSNN #//+. Pvv *$SN*-"VH#"NH#H#HVIHNH#&) &
+#+ N$""&N""%$&N3N

0"# .0 NNO NN ) -.5)O NN *))*'40 NN -*)O NN --40 N N *0"#0 N N $-0 / 'N $"#* N[ + /$
*oU @) [# ) #-*Stienceb + p(%)HQP *"e*%N #//+. Pvv *SN*-"VH N#ES(V. $ ) N )*"&*N

0"# .0 NNO NN =-).0 NN "2**0 NN $)) -O NN 0(($)"O N NN &.*)O N Nawe'@(/ 'N $"#)N [ *
p 0) qP *$e+"N #//+.Pvv *$N*-"vE#"N#"%*v) /0- $$+"#N

0"# .0 NNO NN --40 NN $-0 NN *))*'40 N $/5'O N &$)O NN -*)O / 'N $SatareN [ '* ' -($

U(p +-$'qP &+$e+(N #//+.Pvv *SN*-"VH#"N#"%*v &# *(c"#*c""&#CSN

0"# .0 NNO NN *-%$"0 .0 NN '"2** 0 N - ""$0 N * "#c 0' -"O N  **&0O N *'/. # )$2.&40 /[ 'N
S$'$ ) KL oxo 1 [* '$( CurréhtBloldgy#) p&QP % ("e('N #//+.Pvv *$N*-"V#"N#"#(V%N 0 N$""(N#SN"&+N

0(+#-$ .0 NNNO N '- O NN ) -.5)O N .40 ) NN 4 ()NS"#N[ $-. . -4 $)" )$ [*. *

$f RICESPres$% p#qP #*e$"N #//+Pvv ,0 /$ *((*).N*-"vS$#' (+v#v )0 -4%"#'N+ IN

& )0 NO ) N *) -N $""%N [ /0-"' *"- +#4 $) - #*- - .p qP # - #*- Gayarid ()/ pSgR ).0. *1 -
#'%e ("N #//+.Pvv *$N*-"v#"N&"()v ")#)c("%*$""%"""$""""&N

p) -"*1 -)( )" $) c*s 4 - (*) $* $1 -.$/4 ) Sumnary for Pblicymakirs®f the Slobal Assessment Report
on Biodiversity and Ecosystem Services of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem$érvices. N < 50 N // ' O
NN -*) <56*O NN "*O N 050 N "-O N -)/#O [/ 'N *))O -()4P -/ -$ IN #//+.Pvv$+ .N) /v
SL()m- +*-/m.O0(( -4m!*F-m+*'$ 4( & -.m )N+ IN

p )/ -"*1 =) )t ) )y $( /1 # )" gN $"#*N '* An IPGC $pecial Reporz oiNthe Impacts of Global Warming of 1.5°C above
Pre-industrial Levels and Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global Response to the Threat of Climate
#)"u 0./%) 1 '*+()/a ) ™*-/ [/* -$/ /4 N -/l4®)c '(*// O N # $O NN e-/) -O N * -/.O N & O
$-)$0 / 'N )1 P

N $"IP@QISpecial Report on the Ocean and Cryosphere in a Changing Rlimate/ 4 NN e-/) -O NN * -/.0 N ..*)e '(*/1 O N

$")*-0 N *'*5) &0 N $)/) &0 / 'N ) 1P N
p )/ =) I$*) T )$*) Ix- *). -1 /$*) <1 [0- qN $"H(N [ ) - .$)"  -$) -x/ /- *1 oo oIx- /1$1  -$) $* $1

Sk - IR g ke XY 21 [$*F) )t LD $U#H(O 0 L FT0/$r) "0 2 $$0  +/ (- #e#"N #//+.Pvv+*-/ " NSO )N*-"v'$ - -

m$"#(m m"'""m N+ IN

N $"@&iNelines for Using the IUCN Red List Categories and Criterig*) #% N ') O 2%$/5 -' ) P o /) -.) 1$/1$*). 0 *(($//

N $"#+N [ # $.1 %1 #- ) + $ N\ #//+.Pvv222N$0 )- '$./N*-"N

c p*-' F(($..8*) *) - - LgN)SUSEN ) +*-/$)" I# - ™ [$1 - . *N -1)/9*)2$/D-".) P

| High Level Panel for a Sustainable Ocean Economy



N #//+.Pvv+*-/ ".N$O )N*-"v'$ - -4v.$/ .v'$ - -4vf' v * 0( )/.v c""%c )N+ IN

'*).&$0 NO NN ')"-0 NN -& 0 N 0)"0O NN -0"0O0 N *40 N *( .*14 #0 ) NN ' )/$) N $"#%N [ 0/ *! /#
+ $ .0 ) #-(" Y .$)/# 4)($ . I# -3%) /$/0 Brpceedirigs-afftietNationdl Acdtlemy of Sciences of the United
States of America# #" p$(qP #"&*)e+&N #//+.Pvv *$N*-"V#"N#")%v+) .N#%"*++)##"N

'*).&$0 NO N *40 )

NN ")/$) NS$""(N[O/* /# -*+$ P 1*'0/$*) -4 &pibe%#&/#"')+(IP $)$'e (Bl -.$/4 - $ ).
#11+.Pvv *$N*-"vE"N##S$(v. $ )

N##%"**"N

&.*)O NNNO NN $-40 NN -"-0 NN %*) 'O NN */.1*~- O NN *0-,00 NN - 0-40 / 'N $""#N [ $./*-9
K1ox [0 k4 [ SCiehce$+% pUl% QP ($+e%*N #//+.Pvv *$N*-"vH"NH#AS(V. $ ) N#"+#++N

- ($''*c "*--/ O N NO N - ) .c $)*%*. O N $/*c -$ O N *% .c - #*O N #*( .0 N N - *10 N **~ O [/ 'N
* 1 3% *Z. ,0%/ Phoedénha sipug Ndyal Society Open Science p)gP #+"'+*N #//+.Pvv *$N*-"v#"N#"+*v- . * N#+""+*N

)&$).0 N NO ) NN ) *0/ )N $"#(N [ ' ' ) "$*) ' -$*-%$/$ .Blolegical Epnsed/ations -&©/ 4 -/ g$*)N\ -qP
% % %e%+N

*Y .0 NNO NN '"$)O NN -)/# (0 NN *..$)"# (0 NN '+ -)O NN 0-"..0 NNN 0/ #-/0 NN * $).*)O / "N
"o - -I#Z. -$) OCneBarth$\ p$qP #**e+ (N

*) .0 NNO NN "$)O NN '+ -)O N )/ -O N -)/# (0O NN O (+'0 N #0(2 40 /[ 'N $"#*N [ # * [$*) ) -*/
$($)$.#9%)" -$) $ 'Currgnt Biology $* p#'qP $'"(e#$N #//+.Pvv *$N*-"v#"N#"#(v%N O N$"#*N"(N"#"N

$.-O NN $""'N [ - -$) =% - --$)" *-  $.3douwsal of Fisheridd\and Aquitiy Science$ p'qP ##+&e++N

#1/+. Pvv *$N*-"v#"N##%+v!"'c""' (N

$/#0 N NO NN -.2 "0 ) NN *))*"4N $"#&N [ '* ' $1 -.$/4 *1 -$) SE P Y1I$-*) () *) $/$*). 3+ $)
Global Ecology and Biogeograph$ % p'qP '#)e$+N #//+.Pvv *$N*-"v#"N####v" N#HS#%SSN

.20 NN $""(N [ '* ' $* $1 -.$/4 [/ -). *Bcologh#9 p# §P $&)MNA**N #//+.Pvv *$SN*-"vA"N#*+"v""#$c+("*p$""(q*)r$&)
S$N"N QSN

"$)0 NNO NN -*2)O NN '+ -)0 NN ")O N *2)0 N " - ) NNN /[.*)N $"#'N [ #*-/1 " $) [# '* ' -*]
- U )I8)" -$)  $* $1$-)SBUN\ HP-H) %+N #//+.Pvv *SN*-"VH#"NH"%*V. - +#)'%+N
*& 'O NO NN )O N */0 ) N - )NS"#+N [ 1'0/$)" ++-* # . 1*-  '$)" + *((0)$/4c . X T A A

) *'*"$ 4 +- . )/ /$1 CohBervatioNBiology% & pH#QP #%)e&)N #//+. Pvv *SN*-"vH# " N####V * SN#% B (*N

-0.c ).)O NO ) NN O-/NS$"#(N[O ./)$"' * = -* ' $NaturebGeosciertcg p, 0/ %/ --4F* )B)e &SN #//+.Pvv
*$SN*-"VH"N#"%*v)" *$)+"N

-0.¢c ).)O NO N 1-40 N --)*O N -80 N .,00 ) NN 0 -/ NS$"#*N [ ,0 ./-[$*) *1 -* "' _*p #
** (NBiology Letters# & p(qP $"#*"$% (N #//+.Pvv *$N*-"v#"N#"+*v-. 'N$"#*N"$% (N

-** (O NNO N 4*"O N *# -"O0 NN $'-0 N *- -0 N --//$O N $'.*)O / StNng'®%*N [ - &$)" /# '* ' **/
P(%)*qP +"&e*N #//+.Pvv *$N*-"v#"N##S(v. $ ) N *'(&(N

-0(#).'O N NO NN & (*/*O N ..28% -O N *1 &0 NN */*)O NN 1) 0"#O0 N N *)) 'O [/ 'N $"#(N [ '* ' [/
*1 - # ./ '"lc Ppfdzedditgs of the National Academy of Sciences of the United States of Athédéap &*qP #%)*'e+"N #//+.Pvv *$N*-"v#"N#")%v
+) CN#((H"SHH#WN

0(+'O NNO NN *) . O NNN /.*)O ) NN *..$)"# (N $"#+N [ 0 )/$!48)" $ . . %) -$)c-*/ | c - G YA
Conservation Biology% % p(qP #%'"e'+N #//+.Pvv *$N*-"v#"N####V * $N#% % &"N

0+-%$))0O NO ) N ./c$)#I/NS$S"#)N[ -1 ./c) O 1*'0/$*)P ).$"#/ Phildsophi€al/Mansictions of the$ ' 4./ (.N\
Royal Societt  %)$ p#)#$qP $"#(""% (N #//+.Pvv *$N*-"v#"N#"+*v-./ N$"#(N""% (N

(-#0 NO NN -+$)0O NN $/ # "0 ) N ' )/$)N $Bislodicdl Sytwkng in tife/Deep Seabtpt k) M)R. Clark, M.
*). "1 40 ) N N *2 )O *"e#"$N #S$ # ./ -O P ' &2 "N #//+.Pvv *$SN*-"VE"N#""$V+)*###*%%S$ % N # N

)" ¢ '*- .0 NO N '<&0O0 ) N =-5c ,0 *N $"#)N [ # * *I *g ' [2*-&. $)/# 0./ 8$) $'$/4 - ). 1*-(/$*) *! *
-+ /ST OVS$)[ . %% ) P 3+'*-%)" I# Y4 # )" L% - ) $ 2+%8$)/.0\ B/ 4 NN -/$) 50 N - ('sC
issue,Journal of Coastal Research) p))qP #% &e&$N #//+.Pvv *$SN*-"Vv#"NS##Sv ))c"#&N#N

I'# &0 N NO NNN 4-) . O N . "O N (!/"/O NN -$$)0 N $.)#0-0 NNN ).'0 / 'N$"#N [ $* $1 -.$/4
SELL T+ #S$ 1 '. ) Nafufe/Communications( p +-$'qP (+% (N #//+.Pvv *$N*-"v#"N#"%*v) *((.)+% (N

Critical Habitats and Biodiversity |



)/I*)O N N $"#%N [ )1$-*)( )/ 'AnfivakReview’dd Ehvidnment and Resour@es p /* -qP #e$+N #//+.Pvv *$N*-"V#"N##&(V ))
Y1$-*)c#"$ #H#c"*&('&N

y/*)O N NO N * &./-e(0O N )40 N #(./*10 N $ #-.*)O N [/ )O ) N * #$( # '")#0 -N $"#+N [
"$).Ndlure ') p))*&QP '+$e+'N #//+.Pvv *SN*-"VH#"N#"%*V &#' *(c"H+C"% ' +'C"N

-*40 NO ) N *-$)N $"#*N [ ))*1 /$*) $) # $.$ %) Mari®eRdlicy™) p.*1 (#-qP #NGe (SN #//+.Pvv *$SN*-"v#"N#"#
(-+*'N$"#*N"'N"$'N

-0 N NO ) NN "+ )N $""*N [ $*'*"$ ' . +*). . $) -%) *c & . Marine Eeoldgy PrddbessBerbas() / - N\
p +/ ( -qP &+e'(N #//+.Pvv *$N*-"v#"N%% ' &v( +.")' ++N

/-0 NNO NN '+-)O N -*-0c*1-/O N O #)*0O NN 0//) -O NN $).0 N $-(0 ) NN -)

-$) . -1 .P '* ' ANladine cdldgy Progress Seri@6*& p 4qP % %e& (N #//+.Pvv *$N*-"VH#"N%%'&Vv( +."*"$+N

$ ./-e(0O NO ) NN *#).*)N $"#+N [ *.4./(c . $.#-%$. )" ()IP S+ I$1 %) [# FSUSdo ) 1 F4()
Fisheries$# p#qP $#(e$SN #//+.Pvv *$N*-"v#"N####V! IN#S&#*N

$) ./-*(O NO N 0))O N $.# -0 N  0-AF@meworkNoMDcearlObbergMg $N-"*1 -)( )/ YR+ #S *(($..8%)
Y!*-(/$*) *0( ) #$*&N -$.P )$/ /$*). 0 /$*) 'O $ )/$f ) 0'/0-" -")$5 /$*)N #//+.PvvO) . * NO) . *

$+ $0.0 N NO NN -*2 -0 ) NN *-")N $"""'N[ [/ +*+0' /$*) /-0 /0- ) -$) The ScidnceNdf )  -$) *). -1 /.
Maintaining the Sea’s Biodiversiy  $/ 4 NN *-. ) NN -*2 -O %$*e&'N .#$)"/*) P .") N

$00 NO N 00 N 0O N )"O ) N ON $"#*N [ -* "' (. ) *0)/ -( .0- .*I *Oded)&Constal/$*) ) /$'$5 /$*)
Management#'% p - #QqP #$&e%"N #//+.Pvv *$N*-"v#"N#"#(V%N* * ( )JN$S"#)N#SN"#(N

*& O N NNO NN -40 ) N N * N $"#ofNd et -AnEpvironmentalEvaljaidnl *'N %O *'*"$ ' .0 . ) )1$-*)( )/ "'
(+ /1.0 $/ 4 N # ++ -0 &+#e'"&N $) N *) *)P ($ - ..N

** + O NO N % 0 #0 N - $ )/*O N *030 N #0)! /O N N -50&%$0 N /O /N $"#*N [ *(+' /$)" 9
[ 1$*) 4.0 (p q ) O/*(/$ YISt I$*) 4./ (p g /* .. .. 'Mérihe Bolu$or Bol)etit %)% .5 HIP % %e%+N #//+.Pvv

FUVHAUN#"#H(VAN( -+* O'NS"H#H)NH#"N"#(N

*/5 0 N NO NN $//).*-O N -4) 0(c 0 ##*'50 N N 40 NNN # 0)"O NN '-8$/#0 N =-)" O [/ 'N $"
SEEHS (+'SF /) * ) $*( .. '$) . 2$/#Prdckedings#f )He National Academy of Sciences of the United States of Atwefica

PS(qP #S+")e#SN #//+ . Pvv *SN*-"VH#"N#")%v+) N#+""#+&## (N

¥0"#0 N NO N N ) -.*)O ) NN 0"# N $"#*N [ ) - .$)" # -( ' [- .. -)/$W$ #*pl+-$ PP (%)) MeBS//H).R\v v
XEN*-"VH NHE" %Y. &HE +*C H*CS& % C+N

*1 '* &0 N NO N /2** O N '"*&0O NN O0-/O N $& 40 NN 1 -40 N .,00 [/ 'N $"#(N [ .. ..$)" /I#
- *) *.4./ (.bitiersin Ecology and the Environmeht p'qP $')e('N #//+.Pvv *$N*-"v#"N#""$v! N#&+#N

*1 '* &0 N NO NN #**O NN -$..0 NN 0)/ ).+ -")O NN -0..0 N 10 N *" -0 [/ 'N$"#'N[#
/* ¢ 1 BauN\$( p /* -qP +e(%N #//+.Pvv *SN*-"v#"N#"%*v) /0- #'%*N

0 $!1*-0 NNO NN =-<0 ) N *(NS"##N [ '* ' $1 -.$/4 */ .+*/PLOSOnY. (- D'/BP) #-89%6: NS #./ /14 - P Vv -85 NI\
KUVHUNH#%)HVY%F0-) N+*) N""#+% (N

p$'" ))$0( *.4./ ( .. ..( )Eqddyskerhsmnd Human Well-Being: Synthesis#$)"/*)O P .' ) N

O NNO NN $.0 N -4°0 N -'*20 ) NN ' -& N $"#'N [ ¥aurmal of Applied E¢dbagy$ 1% q F 0(-&'% e 96N ' N\
#Il+. PVV *$SN*-"VH"N##H##VHS ('cS((&AN#S&WHN

$'°0 NNO NNN -#(0O NN $)) -0 NN $.50 NN $"'$ (.0 N $)O N 2()0O / 'NS$"#N [ *1 -4
Nature '$" p +-$'qP %&#e&&N #//+.Pvv *$SN*-"v#"N#"%*v) /0- #&%'*N

$'0 NNO N "$)O N //#2.0 NN *»O NN ')#)O N 1'$)0 N -*1)$0 N )" -.)0 ) N NN
.$'$ ) *) /# - | -Ngature Ecbiby & Evolutioth p +-$'qP ($"e$)N #//+.Pvv *$N*-"V#"N#"%*v.&#'"+c"#+Cc"*%$CcwN
"0 .0 N NO ) NN - .. 4N $"""N [ 4./ ( /$Natte & T PSSR %) PBN"KY/+. Pvv *SN*-"V#"N#"%*v% "#$$ #N

/$)O N NO N ) O ) N -**1 N S$"#(N[) *.4./ ( -1$ . -+ I$1 1*- |# Y$ L -) -*+$ ' $f P
- I$*) ' $.#$)"0 ) $FtodtibrsingMarke Sciendé p +-$'qP "N #//+.Pvv *$N*-"V#"N%%*+vI( - N$"#(N""""N

0'40 N NO NN $).&40 NN '0($0 NN ./.O NN *4 O ) NN -)-NS$"#'N [Sciefide % &)0) /$*)P )$(
P($#H+qP #$ " (&#N #//+.Pvv *$N*-"v#"N##$(v. $ ) N#$' ' (&#N

| High Level Panel for a Sustainable Ocean Economy



') #)O NNO NN $))-O N $) O NNN -#(O NN 20 NN / O N (0&* O [/ 'NS$""*N [ *). -1/8%$*) [$*)
Conservation Letters# p$qP '%e'+N #//+.Pvv *$N*-"Vv#"N##H#H#VIONH#)"'c$(% N$""*N""""*m#N3N

*2)0 NNO NN 4)0 ) NN *()N#++*N['$(/c ) -$ $'$/4 ) *. 4Science$™).p'99)&P ‘S#e#)N $f N\
#I1+. Pvv *$SN*-"VH"N##$(V. $ ) NS*#N'%)&NS#"N

$)' 40 N NO NN $'' -c 0.#%)"0O NN -0 N *)) 40 N -*2)O0 N N **&c //*)O N N 1).0 / 'N $"#)N [ $/$5 )
$) O /0-' .*0- ) " ()0 ) )1$-*)( )Bitlogitdl Cofsardétions"* p +-$'qP #'e$*N #//+.Pvv *$N*-"v#"N#"#(v%N
$* *)NS"#(N"'N"#'N

"* O NO NN #(0-O N *0$'"'*)O N (O N %e-&0 N N 0-/O NN *1'*&0O NN #' .$)" -0 ) NN $'$()N

*2 - ) (+-*1 Y - ) $)t okl 2ok ] x $/ /. Hrpntierd in Eco®yy andtNé Environment p#"qP ''$e ("N
#11+.Pvv *SN*-"VH#"N#*+"v##"""&N

2)0 NO NN /#-*)O N *#*1 0 N 0"$1)0 N '4/#0 N * &' -O N /)2 ''cB{@®MGityDataN $"#)N [ '* ' + *I
Journal ' p - #qP ##)(&N #//+.Pvv *$N*-"V#"N%*+)v N'N ##)(&N

""$)O0 NO N N $'0 NN # 'O NN (.'$0O0 ) NN '4N $"#(N [ -$) -*/ [/ - . )Eeology .$'$ ) (*)y" - [
Letters#+ p(qP ($+e%)N #//+.Pvv *$N*-"v#"N####v ' N#$'+*N

--$ 0 NO NN 0))O N /$)0O NN *0./)40 N & $O N N 'l -$)&0 N /O [/ 'N $"#&N [) Yy Kl 0-+-$. .f - ) .
4) ($ . ) *1-)) #UU)"W08) - . 4F) /$*) Glob@atBnvionhgenfalChang®) p 0'4qP #+e%#N #//+.Pvv *$N*-"V#"N#"#(v%N

)L # NSUHEN"&N"#$N

$#'$0 NO NN '+ -)O NN */.I*~ O ) NN -)-NS$""&N[-% /*-$ . ) *--"'/[ . *IEcologdal$/4 # )" $) *c & -$
Applications# & p(qP #)"+e$%N #//+.Pvv *$N*-"Vv#"N#*+"v"%c'$("N

$#'$0O NO N )5¢c --*4*0O N - )' 40 N 5,050 NN .+$)*5 *)/ .0 N *..//*O ) NN *N $"HSN [ 1$ ) #
$'$ ) /* '$(/$ PLOSONE\ p)qP &"*%S$N #//+.Pvv *$SN*-"V#"N#%)#v%*0-) 'N+*) N""&"*%$N

$" -0 N NO NN #*(+.*)O N *#)./*)O ) N )/$"*N $"#*N [) 1 -1$ 2 *! $)$)" ) 0 $)" /# 0--)/ [/ *1 1

(+ /.0 ) )*2' " Frontidsin Marine Scienc& p )0 -4qP &#*N #//+.Pvv *$N*-"Vv#"N%%*+v!I( -.N$"#)N""&#*N

$'*.' 1$ #0 NO NN 30 NN $((*).O N '$)O N ++ '/).0 N O0-/*c -*+ 50 ) NN #$)N $"#* N[ ..)/$ " )
-1 /%), %1 $* $1 -.$/4 ) *.4Glokal @hatigeBlology & p(qP $&#(e% %N #//+.Pvv *$N*-"v#"N####V" N#&#"*N

$'*.' 1% #0 NO N 410 N 0" -c -"-O N 30 N '$O N Mo *O N 1 -.c $)"0O [/ 'N $"#* N [ # )" Ix ¥

) - . 0( ) + $odrhal of Operational Oceanography$ p $qP #%)e'(N #//+.Pvv *$SN*-"VvH#"N#"*"v#)""*)( N$S"#*N#'$(& (%N

*'$)*.0 N NO NN '+ -)O NN #* ()O NN -*2)O N $ ..'$)"0 NN **~ O NN ) *fO / 'N $"#(N['$(/ '* $/
$./-$ 0/$*) *1  -3%) $Nat@ire Gliridtd Bhange( p )0 -4gP *%e*)N #//+.Pvv *$N*-"Vv#"N#"%*v) '$( / $)(+N

) 0 NNO NN (*O N 1)"0 ) NN +"'$)"N $""*N [ .. ..$)" /# '* ' #- [Frontierdin&dology $ . /* ~-$) $* $1

and the Environment( p+qP &*'e+$N

0 NO NN 4-.0 N *'O N $-'/*O NN $/ #-0 NN 0($ O N " -0 / 'N $""+NRHLo$ " ( )/ I$1 ) .. %1 [#
Biology ) p(qP #"""#%#N #//+.Pvv *$N*-"vH#"N#%)#V%*0-) 'N+ $*N#"""#%#N

0 NO N +%$-) "$0 NN -)&$)0O N 4)# (O NN )/ -O N $ .0 NN ($/#0 [ 'N $"#*N [ -* #- [ [* 0()$/4
Y/ ).$f 4 - )Y#*0. . (SauBeTlinbte Changet p  ( -qP #"($e)#N #//+.Pvv *$SN*-"VH#"N#"%*v.&# *c"#*c"%# c(N

*0 NO NN $//).*-0 N 'O N NN $(+.%)O ) N *-(N $"##N [ *2 )4 +PLGS Biology+# p*qB #"/H #$)¥) /# YU\
#1/+. Pvv *$N*-"VvH#"N#%)#V%*0-) 'N+ $*N#""##S$)N

0" -c -" -0 NNO N $*'1$#0 NN 30 N $((*).0 NN *./"*O N *0. $)/*O N )*)$ *O / 'N $"#*N [ 1) $)

) / LOS- (). v <(+ () -4 L0 )IS$ ) -$ ' .p .qg ) ..)/$"' $* $1 -.$/HBrontieksii Magne .q - ( 2*-&.N\
Sciences' p 0) qP $##N #//+.Pvv *$N*-"v#"N%%*+vI( -. NS"#*N""$##N

0( 40 N NO NN - )O NN 2-.0 ) NN '-&N #+++N [ # *./c I$1 ) ..o*t (%) ).$)" - -x+g o 0 %0
) " ( )/Ndournal of Environmental Managemeht p% qP #')e((N #//+.Pvv *$N*-"v#"N#""(v% ( N#++*N"$''N

0(40 NNO ) NN - *)NS"#'N[ -$) .-1. &) [I# *1 -RLOS ONE 'p#yP -$(')N) #//% NV *$N*-"v#"N#%)#v
%*0-) '"N+*) N"""*(')N

0( 40 NNO NN -*)O N $"'$(.O NN ++'0O0 NN -0( 0"#O0 N $ # '$O NN *'(.0O / 'N$"")N [ -*+#$ . $
-$) . - PPrbbeedings of the National Academy of Sciences of the United States of Ati&&ica$"qP *% ($e ()N #//+.Pvv *$N*-"Vv#"N#")%v+) .N")"$("$#"8&

0( 40 N NO N N "40 N NN #$.#* (0O NN '-&0 N $+'40 ) N O -/N $""&N [ # *1

Skl $18)" ) P
CoralReef$6% p 0'4qP #)#e*%N #//+.Pvv *$N*-"v#"N#"")v."" % %*c""&c"%*$c#N

Critical Habitats and Biodiversity |



(O N $""$N [ *.4./ ( *). ,0) . *I $*$1 -.$/4 *.. P EStOGyFes)p (qP # %FE(BN #//+. Pvv *$N*-"vH# N#H*+"v""#$

+(*p$"TSqTr%r# %) P sS$N"N Q$N
-4)0 NO NN &0 N $'.*)J)O NN #*(.O N O ---*O NN #+ -0 NN "0 -*O [/ 'N $"#)N [ # 0 !
0 /$*) $) I# *-I# . -$ )/ H*p/0"0./qP +&(%N #//+.Pvv *$SN*-"VH#"NH#"%*v.&# +*c"#)c"+$(+Cc5N
1--*O NNO N -)u) 50 N 0--O N 0-")$ &0 NN $..'$)"0O N N *) *[*O N O0'" -c -" -0 [/ 'N $"#)N [
/$1 ' ' **. §)CusréntNDpinion in Environmental Sustainabiliy+ p ( -qP #'*e(+N #//+.Pvv *$N*-"V#"N#"#(v%N *.0./N$"4
v p *-/#c . " )I$ $.# -% . *(($..$*)v . -%. F(($..$*)gN $""*N [ (*-)O0o(*L ) -./)$) [2 ) I#
$.# -% . *(($..$*) p q ) /# (($..$*)NV *) )P N #//+.Pvv222N*.+ -N*-"v.$/ v .. [.vf'" .v#%"')v(*O0r1
v N $"#&N [ *'" /$1  -- )" () 12 ) *(+ 1) ) -)y [$*) " -")$. [$*). *) Fr+ - [$*) ) F*-$) [$*) - " -
$) - . 4%) /$*) " 0-$. $ /$*) $) /# *-/#c ./ ')/ N\ *) *)P N
" ())O NO N *-*-)O NN O0-/O N ' .0 N *0)"O NBlug)Carb@: The Rhle of$Healthy Godarss'itt BNding

CarbonN -) 'O *-2 4P )$/ [$*). )1$-*)( ) ' -*"- (( O c-) 'N #//+.Pvv ' N5v **& [ v * [v .$ c#/('V$

$%') O NO N .#$/)4&0 ) N 0 $ " N $"#+N [ [ "$/ (*/ ).$)" *1 )*+dc *-($)" '+ *)  *(+' 3 * ['$)

) . (" - #Remdte Sensing of the Environmeéh$" p )0 -4qP &#e'"N #//+.Pvv *$N*-"v#"N#"#(v%N-. N$S"#*N#"N"%$N
$) -0 NNO NN --*)O NN .* -0 N $))$0 N & 'O N NN *) .0 NN 1$)0 / 'N $"#*N [ +c $
(+*..$ ' $(odliers in Marine Science p - #qP '%N #//+.Pvv *$N*-"Vv#"N%%*+v!I( -.N$"#*N""""%N

*-. O N NGihatRteNne Biological Diversity: A Strategy for Building Conservation into DecisionWaking $)"/*) O P .")N

.0 NN S$""'N[) $)" /# )" - F) I # .1 -*) Iarirfe ConseyVatigh Biolobik: The Science of Maintaining the Sea’s
BiodiversityO  $/ 4 N N *-. ) NN -*2 -0 &$$e&%N .#$)"/*)O P .') N

*. 0O NNO N -**& O NNN #0)O0 NN '"-&80 N & ') O N -*. O N N % - Marin¢ PolcyS'#BHqPO0./ $) $'$
%")e$"N #//+.Pvv *$N*-"V#"N#"#(VAHN( -+*'N$"##N"(N""*N

p ) ‘I# ) 3 qOcemh#ebdlth Index 2018 Global Assesshient ) / - - P s ) - gt ) 4G ) 4)/# .$.0 )
*1 'gl*-)s 0 )/ - - N #//+.Pvv"$/#0 N *(v c $ ) v*#$c"'* 'N
z -40 N NO NN '"")O NN /.0 NN "O NN O0#*+ O N ' )O N N *"ABIDe R¥iniNfor (&zh). O ) N N *
Protection—How We Can Protect 30% of Our Oceans b 208) *)P - )+ N #//+.Pvv./*- " N"**"" +¢$ N *(v+' ) /&c) 2c5 ') c./ /"'
T#%( ! c' "l** ¢ )+ c%"3%"c 'O +-$)/c- +*-/#N+ IN
Z -40 N NO NN -*2)O N N *#).*)O N 1*) *- # $(O N - -*)O N & $. -0 ) NN * -/.N $"#$N [ # ¢

P .q$)/# $"# P # -* O /# # ' )Marine Policy8 pBAN '+*e ("' N #//+.Pvv *SN*¥-"VH#"N#"#(VHBN( -+* NS"#:

Z -40 N NO N $)/# -c ).*)O NN $)-$"0O0 N $/& )O NN 2&%$).0 ) NN * -/.N $"#(N [ /$1  *1
Conservation Letterst p(gqP % +*e&"&N #//+.Pvv *$N*-"v#"N####v *)'N#$$&)N

p-"* [/ )$1 -.$/4q0 )/ -) [$*) " )$*) I*- *). -1 [$*) *I  [JO- *-' K(($..$*) *) -*] | - .0 -3%) *).

[$*) ' *"o +#$  * $ /40 ) )$/ I$%). YL$-*)( )/ -*"- (( *-' %), -1 /$A) Intrdduction )0 the MPANBURIE# + N
#//+.Pvv2 + N.%N ( 5*) 2.N *(v. m"0$ v .m )"'$.#m&++N+ IN

5 'O NO N 0& -().0 N -4)0 N ) '*/O NN $.*)O N ..())O N $-1)0O N 0$5c $)*O ) NN . -
) FooR) O #$ $)" #4/*+' )&/[*) '**(. $) owrnal of Qdophysidal Research, Oceah$$ p(qP '#$#e%+N #//+.Pvv *$N
KUVETNETISVS T #( HS FSN

" 5)40 NO N (($"'O N -+*05%0 ) N 0'4N $"#'N [ *+0' /$*) - ) *! [PLOSONE! p(GP*-"#$+9B&SN #+'"Cc$
#11+. Pvv *$N*-"VH"N#%)#v%*0-) 'N+*) N"#$+%&S$N

"(-O NNO NN -".O NN *" )OO NN #$/ 0 ) N *#'" (0O/#N $""$N [ 0 EhSifonBatrics#%. p$qP -#$#8P)N  $
#I/+.Pvv *$N*-"v#"N#""$v )IN'#(N

) **fO N NO N N - 0-40 N "O NN 0"# .0 NN %*-) 'O NN **& O N -0 [/ 'N $""%NI['* " -9

I % 4. (SOBnce % "# p'(%'qP +''e'*N #//+.Pvv *$N*-"VvH#"N##S(v. $ ) N#"*")"(N

++ ' - *0 NO ) N -)u) 5N $"#&N [ * *I -1 1 '*+()/ . 4 [ [* 3+ $) *)/- /)" Ioxr (% -]
ER ) ®labal Ecology and Biogeograpl$® p#qP #$e$%N #//+.Pvv *$N*-"v#"N####Vv" N#S##'N

--$.#0 N NO N 0-"..0 NN '/5%)0 N *-/.*)O N $""$).0 ) N $((*).N $"#*N [ 3+*.$)" /# $) $) $/
)/ )/$*) ' . Hiteghitive and Comparative Biology: p#qP #'"e ("N #//+.Pvv *$N*-"v#"N#"+%v$ v$ 4"%S$N

0'40 NO ) N " -N S$"#(N [ / # *)./-0/$*). 1 ' #/ '* ' -8$) $.# -%$ . [ # .Nature$"# - /# ) +*-/ )

Communications) p )0 -4qP #"$&&N #//+.Pvv *$N*-"V#"N#"%*v) *((.#"$&&N

| High Level Panel for a Sustainable Ocean Economy



) '/*)O NNO N # 0O NN *)"-0'0 ) N 1-'NS$"#(N [ . /# '0 *I '* ' .$) MainePolity(& *.4./ ( -1$ . # )"
p -0 -4qP #'(e'*N #//+.Pvv *$N*-"v#"N#"#(VON( -+* N$"# N##N"#*N

)/50 NO N ")&0 N ""O ) NNN $.# -N $"#*N [ ) "$*)"'

$.#-% . )" () -")$51/%*). p .q )" .*0-
$(/

# )"Makine Policy+$ p 0) qP #%e$"N #//+.Pvv *$N*-"v#"N#"#(VHN( -+* NS "#*N"#N"##N

-5¢ /0.0 NO N =--.*O N '$#0 N =-)) 50 ) N $/ -.N$"#)N [ 3+ *-$)" /# [.%1 $.#$)" - ..0- ) +2
woxo ] *((0)$/$ . $) ) EcOspheser BNgP  "#*"*N #//+.Pvv *$N*-"VvE"N#""$v .$N#*"*N
/-.0 NO NN Z -40 NN 2&$).0 NN -+)/-0 ) NN *

IUN $TH%N [ *)0.P $-./ F(+- #).$1  *). -1 /$*)
J-*+%*  *'0.  PRoSIONE* p#$qP

*% %' %N #//+.Pvv *$SN*-"Vv#"N#%)#v%*0-) 'N+*) N""*%%'%N

/-.)0 NO N -i/. # 'O N 0"0./$)0 N ($ .*)O NN $)O ) N N

NS)IFIN SUHE(N [ 2. 1-*( /# foreng g
*1)I$ TRl +c $) -

Méarthe Polty) " p 0"0./qP #)'e*)N #//+.Pvv *$N*-"v#"N#"#(vI%N( -+*'NS"#(N"%N"#$N

/-*..$)0 NNO NN 40 ) NN '-&N $"#*N """
TRt (MO H (MU FHFN

£)"$) OBXEB)DSHP %W (e’ BI/HY /S PV *GNY-"vH"N#"#)v
# (0O NNO N ($-5¢c'*-0 NNN 'JO N (-*O N

()0 N ) 'O NN *(+)40 / 'N $"#&N [ -$) $// - $./-%
O L-*([# #'1 ./* PLOSCNENA&QP

+'*%+N #//+.Pvv *$N*-"Vv#"N#%)#v%*0-) 'N+*) N""+'*%+N

#%$''$+.0 N NO N '".O NN &-O NN *0'"O N

1-*O N 0$)/) O NN .& -0 [/ 'NS$"#(N[# *).-11/%$*) //0
- /- Biblbgical Conservatio$"# p +/ (

SqP #(+e*%N #//+ . Pvv *SN*-"v#"N#"#(VW%N $* *)N$"#(N"(N"#)N
$&$/ #0 NO NN * - (O NN *4 0 NN

*)*1 -0 N 0- 4lGrtleNFish, .Big Thba@: Miinaging & Erucial Link ih NDceAr#Eokid
WebsN . #$)"/*)O P )l ./ )

SEUL(N #// 4+ PVV222N* ) K)o -1 [$*). $ ) NE-UviIre U fogvE v $//0 8" $.#07$" $UUS" (+

$&$/ #O N NO N )/*- O N N *&0O N &0)O N *)f'O N N *)*1 -O N 4/*)0O Stieddey$""@N*BgR4./ (c . $.# -4
%&(e&)N #//+.Pvv *$N*-"v#"N##$(v. $ ) N#"+*$$$N

$) 0O NNO NNN -/"0 NN '/-.0 ) NN $/#°

NCSUUHN [ *0)/ - )I0$I$T L+*). L *L $.# x40 I$*). /* ) " ()]
0. . ) (+'$ /$*). 1%~ - $/$*). . *) * Fishefies% & PR WP #('e* "N #//+.Pvv *$N*-"VH#"N#'))v# &*c*&&(C%&N&N#('N
$).&40 N NO ) NN "O($NS"#&N [ /c ) '4.$. 1 '. *2 - ) /$ MélecuaSEebl)boa pH.tP $+e06 HE*¥/Kk.Pvv *$N

XUV HTN###EV( N#S TN

$/ # -0 NO N '$&*.&30 N - (* O ) N #*-/N Natwrl &' /p *)*®-S)dP/£'*e" +N\#//+ . Pvv *$SN*-"V#"N#"%*v&')('* N
' # &0 N $"#SN [ *'$/$ . ) ) +) ) $)I$f 1% $) N MaridPdlicy% (- p 48P #90$ e &3t NN\
#11+. Puv *$N*-"VH#"NH#"#(VIHN( -+*' NS"##N"&N""(N

#'$ *-x0 N NO NN -+)/ -0 N *'$).0 NN 0& O NN "$.*)O N N

“$.%)0 N N -).2*%-/#0O /[ 'N $"#"N [ # *.. *
LA T T B

P)OS-ONE p&QP #""+'N #//+.Pvv *$N*-"v#"N#%)#V%*0-) 'N+*) N""#""+'N

') O N NO NN -2!*~0 ) NNN *-*+ NS""#N [ $. *1 -$)" /*-. #/ )g0 ) [/# 0 .. *!I *((0)$/4c . -$)
$. 4 .0 #$'$0cednandCoastal Manageme&it& p##e#$qP (*%e)#"N #//+.Pvv *$N*-"v#"N#"#(v "+(&c'(+#p"#q""")'c*N

**5).&0 NNO NN -*2)O0 NN 4 ()O N $

..'$)"0 NN #* ()O NN **~ 0 N -) -O / 'NS$"#%N [ '* ' (+-$
$! NMiture Climate Changéo p /* -qP +#+e$'N #//+.Pvv *$N*-"Vv#"N#"%*v) '$( / #+'*N

*%*5).& 0 NNO NN 0--*2.0 NN -*2)O N -< *'$)*0 NN '+ -)O N * "#c 0' -"O NN ++ 'O / 'N $"#(N |
$(/ # )" ER FrpntiErs in Marine Science p 4qP ($N #//+.Pvv *$N*-"v#"N%%*+v!I( -.N$S"#(N"""($N

*(+ O NO N #-'$ #0 ) N RN SUH#HEN [ 'Y $./-% 0/$*) ) Prdceedidgd 6fthe Nationd Acaddry' of\Bciences of

the United States of Americd"* p% % qP #% (""e("'N

*).0 NO N N )4 #0&0 ) N $' *-)N $"#*N [ ) " ( )/

/$1 ) .. *1  -" Fish'ah@ Fislierigg +$ p.SGP /$(" "N . N\
#I1+. Pvv *$SN*-"VH"N####V] IN#S$S %N

0$"0 NO N ) '.0 NN *(+)40 N -/<)O N ('.O0 N ./-

O N '),0.0 ) NNature&*AN S$"#$SN [ '*0"#$)" /# +
p +/ ( -qP $*(e*+N #//+.Pvv *$SN*-"VH#"N#"%*Vv) /0- ##&#"N

0- O NNO NN *$**0 NN ('O NN (*0 ) N -8$-NS$"#&N [ # *./* $)" ‘0 'P - $ /[*. %I 3/$) /$*
3+'%$/ 030-4 ProtéediNgs of the Royal SocietgB# p#)*#qP $"#% % $+(N #//+.Pvv *$SN*-"Vv#"N#"+*v-.+ N$"#%N%$+(N

0. 00 NO N ($O N *-$)' .$0 N *+ 0 ) N

)¥1 -*N $"H#&N [ ' /$*).#$+. /2 ) $*10) ' $* $1 -.$/4 ) -*
X0 I$*) 8) $ - ) -*+$  $/ 1. )

PLOSSONe" $9) gV +#"' (N #//+.Pvv *$SN*-"VH#"N#%)#v%*0-) 'N+*) N""+#"' (N

Critical Habitats and Biodiversity |



0. ++c -) O NO NN /-.*)O ) NN ))/INS$"#"N [ *.4./ ( -1% 0) ' . !'*- ) Pmobepjlings of thie. $) $1 -.
National Academy of Sciences of the United States of Ametigap ##qP '$&$e&)N #//+.Pvv *$N*-"v#"N#")%v+) .N"+")$*&#")N

4"*) 00 N $"#+N [ 0-- )/ ) 0/0- $*" *"- +#4 *1 3+'*§/ -$) 3+'*$/Predictihg Fuluye Oceal; /  # )" N\ )
Sustainability of Ocean and Human Systems amidst Global Environmental Gbangé& / 4 NN $.) -*.c *)/ (4*-O N NN # 0)"O ) N /C
3!1*-0 P '. 1% -N

4"*) 00 NO ) N 0))N $"#*N [ / $) ) 1. U I$*).#$+ /* $" | BigDatd# pBGP) '#e$+D W //&HUNM\*SN

FAUVH#UN#"FAY $UNSTHWNHA N
30 N NO ) N Noedp-Seh Biddiversity: Pattern and Sddle ( -$ " O P -1 - )$1 -.$/4 - ..N

$ O NO ) N $" 24N $"#"N [ *). -1 /$*) *!I $* $1 -.$HandpooksafiMarihe.Fisherles(CphsBrvajion and Management
$/ 4 NN - *)O N $ *)O N ,0$-.0 N $/0 ) N $"$ (.0 #%+e&+N 3!*- 0 P 3!*- )$1 -.$/4 - ..

$ O NNO ) ZN " N S$" )N [ #) *)/-*" 0" . *"'$ P *(+ -$.*)*1 $.# -$ . )" () 1-) *$). )
3/%$) /$I€ES\Journal of Marine Scierc@ p&qP )#*e$$N #//+.Pvv *$SN*-"vH#"N#"+%vS$ . %(.v!.("##N

$#-.0 NNO ) NN -$ . .NS$"#(NT[ /. ) -$1-.* )"-*1 1+ [Plpeégdidgs of hetNatidnal Scadledy ol e $" # $ N\
Sciences of the United States of Amerié# % p$qP % &&e&+N #//+.Pvv *$N*-"VH#"N#")%v+) N#'#"$)S$##%N

$// -O NO ) N )$" N $"#+N [ *"'$.$*). *1 .. ' 2%/# |/ World Seds: An.E${rohmental Evalliation, vol. 3,
Ecological Issues and Environmental Impadts  $/ 4 N # ++ - O '"%#e&)N $) N *) *)P ($ - ..N

$1 ) $- O N NO ) N -)) 5N $""'N [ #$ . $) *0/# -) ) +*$)/. *1 $./-$ 0/$*) $) * &4 ) -I$ ' + $ . '*)
Journal of Biogeography% $ p$qP $"%e+N #//+.Pvv *$N*-"VH#"N###H#VIONH#W%('CS(++NS$""&N"##%%N3N

p ! $! 0-1 4gN $"#+N [ I ($)" ' ' $* $1 -.$/4 -" /.N\ 0) $'N #//+.Pvv- g$! .0-1 4N *(v-'.c
/=" /.vN

* /.0 NNO NN *#). &0 N O NN 2&$).0 ) N **-$ " N $""#N [ Sciende$+&)p''&*qP 493" BN/ $.
#1144 Pvv *$N*-"VE"N##S(v. $ ) NS+&N"&*N#+$"N

* /.0 NNO NN Z -40 NN 0'40 NN 0-40 NN 0-/O N O #)*O N 040 / 'N $"#)N[ -%$)
+/ 1$*) I* '$( [ #roceedings of the National Academy of Sciences of the United States of Adh¢riRap $& qP (#()e)'N #//+.Pvv *$N*-"v#"N
+) CN#)"#$(S#H#&N

*$).*)O NNNO NN $.*)O N *$).*)O N --40 N 0 .O N ..)O N *1%) )O / 'N $"#+N [ -* 0 /$1 ).
-$1 ) "$( NdturNEcology & Evolutiofe p -0 -4gP #*%e+"N #//+.Pvv *$N*-"VH#"N#"%*v.&#"'"+c"#*c")#'c5N

* & /-e(0 NO N / )O N **) O =N -..*)O NN # +$)0 NN ($)O NN )/*)O Natut&x#' +N [ | + - /$)
p +/ ( -qP &)$e)'N #//+.Pvv *$N*-"Vv#"N#"%*V&(#&)$ N

o0 N N $"#'N [ )1$-*)( )/ " # )" $Anh#ial Review of Brilivonment and Resouite& " p *1 ( -qP #e%*N #//+.Pvv *$N*-"v#"
))0- 1c )1$-*)c#"$"#&C"S#&#' N

k" .0 N N $"#*N [ # $*'*"4 *1  (*AdvarRe$in Marine Biblogy+P #%)e$$&N #//+.Pvv *$N*-"v#"N#"#(v .N ( N$"#*N"(
¥ .0 NNO N -$-'40 N -**/O NN 0)# O N )*1-*O N 140 NN *'O / 'NS$"#'N[ '1$)" + -P -

- #N\ *.$/$*) + - $$N ./ ) O ""$0(P 0-*+ ) -3%) * - N #//+.Pvv222N( -$) * - N Ov.$/ .v( -$) * - N 0\
m $$m m1&N+ IN

" .0 N NO ) N $))$N $"#"N # (+' () /$*) *1 FTOI$F) . (#v#T ) (&V)S$S ) /# ) " () L +c
R B T L4 +cC )y, -1 /$*) * SIS F)N *) )P ) =) I$*F)  -xt- ((*) [ *L# )N #//+Pvv222N

+0 '$ ¢ v(##"'c (+' ()/$*)cf) - +*-/N+ IN

*.$/ -0 NNO ) N 1$) N S$"#&N [#/ & . YO ..10'Z =-$) -*/ [/ - U # )$,0 Mmn8/ *! 2 $3$U. $

Policy && p -0 -4qP #+(e$"%N #//+.Pvv *$N*-"v#"N#"#(V%BN( -+*' N$"#%N"*N"$$N

*0.. 00 NO NN /.*)O NN ')# -0 ) NN O0/*)N $"#+N [ 1*'0/$*) *I '* ' .$) S$.#8$)" ' [. ) [#

Proceedings of the National Academy of Sciences of the United States of Athéricap $'qP #$$%*e& % N

*030 NNO N 1) - $)")0O NN $ *).0 NN **0O0 NN #))*)O NN ($/#0 ) N N 0-4 $"#%N [ "'$f /.
1 -f.#$)" (' '"$ $.#P  ..*). |-*(Blfietin of Marine\Sciencé + p#qP $&+e*&N #//+.Pvv *$N*-"VH#"N'%&%v (.N$"##N#
¥2') .0 NO N -*2)O N *0' O NN *0 O ) NN *" - NS$"#+N [ /"$/ 0-1 8" ) *1/# . ).$*) .') 3
- - Mdhine Policy#"# p - #qP %+e'"N #//+.Pvv *$N*-"v#"N#"#(VOUN( -+* NS "#*N##N""(N

*40 NO N '*).&$0 NN ")/$) O ) N *. ) -"N #++*N [ -9) /$/0 $) ' $1Prockédings ofghe/.P ./. *1 0. "'
National Academy of Sciences of the United States of Ametica) P % (++e)"$N #//+.Pvv *$N*-"v#"N#")%v+) .N+'N)N%(++N

| High Level Panel for a Sustainable Ocean Economy



*14 $/ # .*)O N $"#(N [ $)./- ($)" $.# + 2)$)" ""- " /$*). $)/* $.# -4 ) " ()| BloStiencef0'4 - 0/$*) -4 ++-*
p&qP $+'e%" (N #//+.Pvv *$N*-"V#"N#"+%v $*. $v $2"#%N

*14 $/ # .*)O NO NN ) -..*)O N **. 0 NNN 20 NNN 00 ) N 04N $"#*N [ O/ *1 *)/-*" Y. [# )
¥).0(+/$*) *1 030-4 -* 0 /. 1-*( $"#'4 0') - ' + $ . #) ) -)I$*) " - ))*/ L0 14 Ky Q # -& $) .
Marine Policy+ * p ( -qP ##'e$"N #//+.Pvv *$N*-"VH#"N#"#(VHON( -+*'N$"#*N"*N"#$N
"O NO ) N $ &*O($N $"#)N [ *c & -$) B £ A | / $CES Jotifnal/of Marine Skjerjde p % g PN\

##((e(*N #//+.Pvv *$N*-"V#"N#"+%v$ .%(.v!.3""+N

"O NO N 0 #)*O N -*0¢*1-/0 N *1 "$0 N * /.0 ) NN O($ N $"#* N[ ....$)" ' -*"— _[*2 - /
Marine Policy+# p 4qP ##e#%N #//+.Pvv *$N*-"V#"N#"#(VHON( -+*'NS"#*N"$SN""&N
O NO N 4*" 0O N *./'"*O N -** (O NNN '*(-.0 N 040 NN O0($ O ) N " -NS$"#* N[ # *)*($ .*
Science Advances. p(qP /$'""&N #//+.Pvv *$N*-"v#"N##$(v. $ 1IN /$""&N
0-())0O NO ) N -)5*)$N $"#'N [ -*2 $ ) .- *)/-$ 0/$*) Hrbcepdings of thepNatigral Pcadrny.df Sciences
of the United States of Amerigat$ p%qP ()+e*&N #//+.Pvv *$N*-"v#"N#")%v+) N#&"*+")##$N
$ --.0 NO NN )&$).0 NN $. -0 NN 2&$).0 ) NN O0"$)N $"#%N [ 1'0 /$)" /# $*'*"$ /$1 ) .. *1 0"
- . Mhvironmental Evidenceéd p -0 -4qP &N #//+.Pvv *$N*-"V#"N##*(v$"&)cS%*$cSc&N
'$"0 N NO NN 0-)-O N -*)"O NN " O NN '+-)O N .#)-0 NN . " .0 NN =-+) -0 ) NN $// -(
-$)  $* $1 -.$/4 *).PLASONBNp#qP *$*+*N
# - 40 NNO N 04)$0 NN 4-0 N (*)/JO NN &# *O NN *030 NN '.O0 NN ) -#%$"'0 ) NN */$ -N $'
)"0$). 1 . ) *.4.0 (c $ * '« C@rreht Bioloy$) p&qP "(%e (*N #//+.Pvv *$N*-"v#"N#"#(V%N 0 N$"#(N#SN"'&N

#'.8)" -0 NO ) N *4 N $"#+N [ - & *2) $) + 2)$)" 4) #-*)4P Sciérice% (#p (&' )yP*#""$e)N/#Y/NPvv *$N
FUVHUNH##S(V. $ ) N 3"##"N

#*-/O NO N --0/# -.0 N ))$.*)O ) N 4 *//N $"")N [ '* ' -, $./-%$0/%*) ) $1 -.$/4P $*- "g*)  * 'O\ $)
- .. .0\ %/ 4 N N *0 # //J@Qurnal of ExpesimehtaDMarine Biology and Ecoloy' " p#e$qP %e$"N #//+.Pvv *$N*-"v#"N#"#(v%N
% ( N$"")N"(N"#$N

*1
$"2 -/O NNO N #)0 NN #*(.0 NN '""* &0 N e#(0 ) N )N $"#+N NatureEco®pyand -*/ /  +c $* $1 -.$/
Evolution% p 0"0./qP ##%&N #//+.Pvv *$N*-"v#"N#"%*v.&#' '+c"#+c"+%"c$N

&-*'$)0 NO N =-**O N $00 N # +()O N $' -0 N 4'*-0 N 4'*-0 NN (O ) NN $)/'NS$"#+N [) '0 $)"
$./-$ 0/$*) * UG ko) -, *xng ) $ " #0onskrvation Biologhl $#1/M.Pvy *$SN*-"vE# N####EY * $N#%%) %N

('O NNO N =-) -"O NNN '$1 -0 NN #*(.)O NN =-140 NN /-00 NN 0--*2.0 / 'N $"#+N [ -$) /2 1
[#  -*18$.$*%) *1  * 4./ (NatueElimaia Change p +-$'qP %" (e#$SN #//+ . Pvv *SN*-"VH"N#"%*V.&# '*c"#+C"&#SCHN

(O NO N 0) 40 ) N O0-) N S"#)N [ # # ' )" *I '0$)" *.4./ ( -1Glohal Bnvironmental Chang8& ) f/.N\
p 4qP ')e()N #//+.Pvv *$N*-"v#"N#"#(VW%N"'* )1 # N$"#)N"%N""'N

+'$)"0 NNO N 0*0O N (-O N '$)O0O NN 'O NN #+ -0 ) NN &N $"#&N [ # *' 1 * 4 (. $) * .
'$(/ #)* ) * .l ' Bcear\d Coastal Managemeft' p - #qP '"e')N #//+.Pvv *$N*-"Vv#"N#"#(v%N* * ( )N$S"#%N"+N"")N

/ #*2%$ 50 N NO NN -0)*O ) NN 04N $"" )N [) -.1) $)" I# [.*1 -$)  $Anfidal Rebvietv of) *((0)$/$ . ) * 4. (.

Ecology, Evolution and Systemati#s* p ( -qP )% +e((N #//+.Pvv *$N*-"v#"N##&(v ))0- IN *'" 4 N%*N"+#$"(N"+'("+N

/) $)"0 N $"#'N [ *--0+/$*) ) [/ c*-+*- [ -$( $) $.# -8 .N\ & ..0 + - #'N & )/$c *--0+/$*) .*0- )/- O #-
-")O *-2 4N #//+.Pvv222NO&N)*v+0 '$ /$*).v *--0+/$*)c ) c./ /[ c *-+*- [ c -$( c$)cf.# -$ .N+ IN

/ #$0 N NO N N *0"" .0 ) N ! . $*"'ON #+)$N [ * '. I*- [#  Mddelsinn Pai¢oblolp§édidedl by T-J.5 psHopf, N\ )

##(e$*N ) - ) $.*P - ()0 **+ -N

/ #$0 N NO N N "/ -0 ) NN '.4N#+(OON [ 3*)*($ $1 -.$/4 *1 )/ Geblogical Spciety of Aifreri®a /$*). 1*-  *'*"4N\

Bulletin )* p&qP &' e((N #//+.Pvv *$SN*-"v#"N##%"v""#(c)("(p#+()q)*r&"'P SSN"N QS$N

/-((O NO NN -%$) O N #($/&*0 N 0*O NN **'$# )0 N $. &O NNN "= O N -)/O ) N e-/5%)" -N $"4#
)y . 4 0 18 $/ /[ 1*- -*+$ ' NatutesClintteChaHged p )0 -4qP % %e%)N #//+.Pvv *$N*-"Vv#"N#"%*v) '$( / #%"&N

/' 2-/O NNO NN $"O N -&% O ) NN $"4N $"#%Dodidicusiyag '$) *'*"/B*) /0(34",0$$pS(0( *) .N\
Deep-Sea Research II: Topical Studies in Oceanographyp #'qP #+)e$"*N #//+.Pvv *$N*-"v#"N#"#(V%N .-SNS"#SN"(N""'N

[-*)"0 N NO N ) *)"$0 NN $5.'0 N )*1 -*O N "$*//O N -)*O N - .0 / 'N$"#'N[ -$) $* $1 -.$/4 )
KLYI$ 1R - S %)$/*-$)" ++'$ ChHastaNind SHRIf-SRlen@e(# p 0"0./qP &(e (&N #//+.Pvv *$SN*-"V#"N#"#(V%N .. N$"# N"&N"'

Critical Habitats and Biodiversity |



/0 -/lc ($/#0 N NO NN /.0 NN I # &0 NN 040 NN & -0 NN #*(.*)O NN /0 -/c ($/#0 /| 'N $";

1 . 2 "t K +x/0 %L $ o Nattire B /pINY/ ( -qP "% +e&S$N #//+.Pvv *$N*-"VH#"N#"%*v) /0- #$'$+N
/0 -/c ($/#0 N NO N N -*2)O N N -""$0 ) NN " -NS$"#*N [ *.4./ ( ./-0/0-$)" '-)"/# - | --$% -
Nature ‘(" p 0"0./qP +$e+ (N #//+.Pvv *$N*-"V#"N#"%*v.&# ' *(c"#*c" % '+c+N
/0 -/c ($/#O0 N NO NN "-O NN --//O NN /.0 NN &-O NN 30 NN --*O0 /N $"#)N [ .. .. 8
ot Vo J#-X0"HE I#H ) - 1$*) L $/$5 ) $) ) $ )/ BioSciese () S qP* H#%&BE& (N #//+. Pvv *$N*-"V#"N#"+%V |
/0 -/c ($/#O0 N NO NN " -O NN --//O NN $)$)(*)/#O0 ) NN [/ N S$"#N[#-(" $.. ) 0') - $'8$/4
0) Meature'$* p ( -qP **e+$N #//+.Pvv *$N*-"v#"N#"%*v) /0- #(#&&N
0 5*0O0 N NO NN 5.0 NN *-)*O NN -/O N 0)c*,0-0 N $(*) O N (O [/ 'N $"#&N [ $-
) 1$ 2 *1 /- "8 . [* *)[-$ 0/ [* [|# 0 /$*) *! BV ' # RE)FHNSqQP #e#$SN #//+Pvv222N+ $f . $- "-*0-

+0 '$ /$*).v  Sf $- v m&#EMH#CIN+ IN

0$)"0 N NO ) NN * N $""+N [ #- .#* * ' $) [+ [$*) ) *). -Treddsi)Ecologyl& Evollith& I§' g P- & N\
$)#He)+N #//+.Pvv *$SN*-"VHE"N#"#(VAHN/- N$S""*N##N"#$N

0""$1 )0 N NO N *)./)/O ) N O #)*N $"#+N [ 3/$) /$*) #- /. /* $! $) /# InBiologicakBxtint@o$/$ . 1*- # ¢
New Perspective®  $/ 4 N ."0+/ O N 1)O0 ) N 1*-0 ##%e%)N (-$" P (-$" )$1 -.$/4 - ..N #//+.Pvyv

0($" O NNO N 4&0 ) NNN # 0)"N $"#%N [ $.# -8 . 0.$$ . ) */)$"' [ # *..89) 3'0.%1 *)*
(+'$ /$*Bnwdnment and Development Economity p&qP &$)e% +N #//+.Pvv *$N*-"v#"N#"#)v #%"'"'))" #%"""#'(N

0) "2 0O NO NN *'"#*O N # -*)O NN 0'/$( O N $ O N "5-O0 N %#). #%-$0 / 'N $"#'N [ /-0 /0
$ -* $*(Shience % &* p($%)qP #$(#% ' +N #//+.Pvv *SN*-"v#"N##S(v. $ ) N#S$(#%'+N

2 /()O N NO NN #0- -O NN ($/#0 N N 1$)0O N *-O N N $O NN ** 40 [/ 'N $"#)N [ %*- (+ [/
*. 4./ (.BMémenta Science of the Anthropocerfe & N #//+.Pvv *$N*-"v#"N#'$'v ' ( )/ N$"%VN

J#0 O NO N 0-40 N $.# -0 N ++ '/).0 N 30 N 0--$0 N *0)"O / 'N $"#+N [#/ 1 )
C-1$)UP 1*T0/$*) KL tx ) . Frardigrs indMaribISciengep 0" 0./qP &)#N #//+.Pvv *$N*-"V# " N%%*+vI( - . N$"#+
) -"O NO N - #*(O N '$ ..*)O N )50 N '/5()O ) N [/ - -"N$"#$N [0'/0-"' *.4./ ( -1$ . -*1
s/ " 0 L) Bedsyathin Services p ( -qP #&e$(N #//+.Pvv *$N*-"v#"N#"#(v%N *. -N$"#SN")N""(N

#* 'O NNO NN //$)" -0 NN 0-"..0 NN 40 NN #($/0 NN -* #8% #0 N ") -0 / 'N $"#'N [ "

+4+8)" /#)- '$5 %/ )/$ ' *1 $/$5 ) $ ) 1*- Biflogbdl Garkedvation# *# P\ )0 -4qP $% (e &&N #//+.Pvv *$SN*-"v#" N
$* *)NS"#&N#"N"S$#N

#*(.0 NO N 0 .0 N 0)/$)"0O N -40 N *.),1$./0 ) N $(- N $"#)N [ $./-$ 0/$*) ) FROS-. *I '*
ONE#$ p(qP "#)+%"$N #//+.Pvv *$N*-"v#"N#%)#v%*0-) 'N+*) N"#)+%"$N

#*(.*)O N NO N N 0-&#* -O NN $/#0.0 NN *0-,0- )O NN -.-0 N /-//*)O ) NN )-$ &N $"#'1

+ $ .0 ) -0+/ x4 ( # )" P ) 3 (+' !-*( ) *)$ Global Change Blolbg§M\ p&qP #&(%e #//+.Pvv *$N*-"v#"N###
N#$(+&)&NN

#*-.*)O N #+'$N [ 0- % /58" ) ' " - ( -$YoplogischéSAnzeige* # GPNE) (e % $) N

#%-.%)0 N #+")N [ *//*( *((0)$/$ . p 0 '$//*- 'Treatisé on Mriné E¢aldgy ajd Palececology $/ 4 N N " + /#0 &(#e'%&N

/# O P *'*"g ' *$ /4 *1 (-$ N #//+.Pvv *$N*-"V#"N##%"v () #c+'%'N

#-0.#0 N NO ) N N 4/*)N $""$N [ $./0- ) [* -8) )I#$ $/ /. 4 -2'$)" ) - AhfigdiMReview $ /$*). I*-
of Ecology and Systemati¢ % p *1 ( -qP &&+e)%N #//+.Pvv *$N*-"v#"N##&(v ))0- IN *'" 4. N%U%N"#"*"$N#'""'#'N

$// ).*-O N NO N N *¢ 4'*-O0 N - 2%)0O NN "-&0 N *). '1 40 N '¢+) -O NN *2 )O / 'N $""+N |
oot (*0)Jonthal of Biogeography% ( p(qP #//+.Pvv *$N*-"VH#"NH#H#H#H#VIONH#% ('cS(++NS""*N"$"($SN3N

$// ).*-O NNO N *~O N /50 NN */50 N $ -O NN -"#0 ) N *(NS$"#"'N['* " [l -). ) - 8 /[*

Nature & (( p 0"0./qP #"+*e##"#N #//+.Pvv *$N*-"Vv#"N#"%*v) /0- "+%$+N

$// ).*-O NNO N "-O N *- -O NN *4 O NN 1)"#0 N *.) 4c *$)O NN - .+*O [/ 'N $"#+N [ )/ "-
*). -1 /$*) $) /# '* ScienceMdvances p##qP A4++(+N #//+.Pvv *$N*-"v#"N##$(v. $ 1IN 4++(+N

-")*0 NO N ""-2'0 N *0-.)$%$$.0 N *+*05 '$.0 N #-4.*0' &$.0 ) N $) -/5N $"#*N [*2 - . '* '¢c '
)/$) 'c$ x) xEm -l#)"$) P O# .10 4 *1 [# "Rémoje SenNsingt " pAN\P #$S)N #//+.Pvv *$SN*-"VH#"N%%+"v-.#""*#$
-1 /#)c &//O NNO N 240 NN - $O N - "O N '+#0 ) N ""-*1 N $"#'N [ *(+ -$.*) *I -%)
0 - %) 0 /- IBcojddgy +( pEHQP %"&%e')N #//+.Pvv *$N*-"VH"N#*+"VvH# ' C"#&+N#N

| High Level Panel for a Sustainable Ocean Economy



-1$.0 NO NN * ()O NN 0./-O NN 0-40 NN ./.O N -).)50 NN [/ -.*)O [/ 'N $"#&N [ )/ "-I$)" /# )1$.%$ "'
) " ( )/ NPRroceedings of the National Academy of Sciences of the United States of Athéricap $q P '*#e*&N #//+.Pvv *$N*-"v#"N#")%v+) .N#%" " *" %###N

[ p)$/ [$*). )L$-*)( ) -*"- (( *-" *). -1 /$*) *)$/*-$)" )/-q ) p )/ =) [$*) " )$*) I*- *). -1 /$*) 1 [0- C
-$) % ")I/IN (-$"O0 P c ) N 222N+-*/ [/ +' ) /N) /N

c ) NN #*-/N $"#*N [ '* ' $./-$ 0/$*) *! - .. UNV O -.$*) (NN $3/# 0+ [/ [* |# /"4 -0. $) - ) ) #*-1 p$""%c

c N #//+Pvv [ NO) +c2 ( N*-"v [ . /.v)N

c o *' $.# )/I-0 o ) N p$"#*qgN [ '* ' $./-$ 0/$*) *I  -(¢c [ - *-' 1.O *(+$" !-*( 0'/$+' *0- . ) '0 $)" /#
ot I ++8$)" -*% /N\ -.$*) &N"N ) '0 . *)/-$ 0/$*). !-*( c ) p$""'qO c p$""'qO0 ) + " $)" / 'N p$""#qN

c N #//+Pvv [ NO) +c2 ( N*-"v [ . [.v#N

).2*-/#0 N NNO NN *-'0) 0 ) NN 0" )c).2*/#N $"#+N [ "- .. *2 . Qbhsetvation’Letter$$#p #%) P #$0( (H*) N\
#Il+ Pvv *$SN*-"v#"N##H#EH#Y *) N#S$' ((N

1) 1-5 O NNNO ) NN $%). *-+N $"#'N [ /. *| $.#$)" 0-$)" /# + 2)$)" -$*Revieiws'ih FisbBalogyand./ $) ' ) " ( )/N\
Fisheries$' p - #qP ("e*%N #//+.Pvv *$N*-"v#"N#"")v.###("c"#&c+%)"c3N

'- O NO N 50--0 ) NN ) -.*)NS$"# N[ $- $/ - $ /. *"*28)"'c .*) *((-$ "' [#*1 01 * '$I*)8 $f - %)
) #*140\ $) [ '$!*-)$ 0-- )/ 4./ (f- [*-. ) [/# - 4. + O\ &/ 4 N N $)' 40 N Nourndl.dMarineSystems& O .+ $ ' $..0 O
#&( p 0) qP *$e**N #//+.Pvv *$N*-"v#"N#"#(V%BN%( -.4. N$"#&N"*N"#&N

"~ 0 NO N 50--0 NN *)O ) NN //*)N $"# N[ -( )*"- +#$ )*('$ . ) $.#S$S$tience Advance$ 1 $- . I$)" *-[#N
PP H#&""SH"N #//+.Pvv *SN*-"VH#"N##$(v. $ IN#&""$#"N

.0 NO NN /8) -"O NN 40 NN **~0 NN (+ "O N ' ./-*0 NN & -NO / 'N$"#&N [ # -*+$ '$5 [$*) *I
$/  #)".$) -$1*-4 ) *((0)$/4 # . #$ N\ -*  $)". 'BioldgicateciencesH #4p D *+qP $"#&"*&(N #//+.Pvv *$SN*-"VH#"NH#"+*v
-+ N$"#&N"*&(N

$/*- -*O NO N /'$)"0 NN )" “*(-.0 ) N *01$ )N $"#*N [ O/ *! $"#/0 0/ $/#$) #P '* ' $.[*-4 *1 *[[*(c - 2'
°&""(  +/Fmintiers in Marine Sciencep +-$'qP +*N #//+.Pvv *$N*-"v#"N%%*+vI( -.N$"#*N"""+*N

$#/ & -$0 NO N '& -0 N *O N #./'0 N -/00 N *+O N #O N . (+.0 ) NN -$ ' )N S$"#*N[' &c ""  $//$2
1" )IST 1$%) $) 1# S DSSN\  +%p. )0 -4qP ##)*N #//+.Pvv *$SN*-"VH#" N#"%*V. &# +*C "#)CH+H#H#*C*N

) ..O NO NN --$.0 N ()O ) NN + &()NS$""'N[*2 )-"4 '0.* $.# . ER 0. *! % *- $- - $)" $'0-
Marine Ecology Progress Series & p 0) qP #e*N #//+.Pvv *$N*-"v#"N%%'&v( +.$+&""#N

-0 NO ) NN 4-NS$"'N[#$.3$) +)c ) $.# *((0)$/$ . *$) $ $)" 2$/# /# ECQopy {()p & P* ¢O6- ) NS ## 59 "Ny v
*EN*-"VH NH*+"V"%C")&(N

#0-)O NNO NN 0-)-O NN 0- )O NNN *) .0 N 1-0 ) NN ) *1-N$"#+NCceandhdlCoastal& .. ..( )/ !*- +c $
Management#) ( p 0) qP $&e%+N #//+.Pvv *$N*-"v#"N#"#(V%N* * ( )N$"#+N"&N"#&N

4 *//O NO NN O0-/O NNN --0/#-.0 NN -/#O N N ))$.*)O N '4 -)$&0 N '"" $) O / 'N $""+N [ e g)n o ¥
#- /). * .l ' *. 4. /Pfo¢eedings of the National Academy of Sciences of the United States of Attlefiqa% "qP #$%))e*#N #//+.Pvv *$N*-"v#"N#")%vV
) ONTET(STE (N

O NNO ) NN $) 'NS$"#NT/['"* " []-).* 3/$)/$*) $.& $)Cund)tBiglogyd'cp&HP "UHE#H#N\#//+. Pvv *SN*-"V#"N#"#(v%N
0 N$"#&N#$SN"$%N

-) -"O NO N ))//O NN * &0 N /1$")$ .O N 0-O N + 54).&$0 N 0!*$.0 / 'N $"#(N [ '$(/ c -$1 ) "$( #$
Science%'% p($+'qP #(+e)$N #//+.Pvv *$N*-"v#"N##S(v. $) N *)&'N

-) -"O NO ) N $'" ¢ 3/ -NS$"#+N [ $..9)" /# Mafine E¢ology Progreés Serigs®l\p - #qP $"+e#'N #//+.Pvv *$N*-"v#"N% % '&v
(+.#%*()N

$ &.*)*O NO NN 05)0 NNN O(-O NN *4)/**O N 50-%$0 ) N #!-$)NS$"#+N[) '4.$.* g /) + /- *F1-x
# $- '0 !*-  +4+$)" .$)" 0'/$.+ /- ' Inferidibnal@durndli\of Remote SensiBg' p$% P *+''e)*N #//+.Pvv *$N*-"VH#"N#"*"v"#& % H##(#NS"#+N
&*((N

$ % %O NO N *)"O N $- %0 O N ) .O NN -"#0 N -//O N *+ ') O N =-)) 50 N O.(ep@, N 02 ) O N 0O #$( /0O
Unreported and Unregulated Fishing and Associated DiNers. #$)"/*)O P *-' .*0- . )./$/0/ N #//+.Pvv* )+ ) 'N*-"v '0 c+ + -.v$00cf.#$)"c ) ¢
associated-drivers .

$'&$).*)O NO N '1 /0 NN &$)O N -/#2 $/ O N -) $)$c $'#*O N -0 NN --$-0 ) Rirst--$.N $"#(N [ -*+$ ' )
Global Integrated Marine Assessmént  $/ 4 N )$.. ) N $(* &0 &N 2 *-&P *-' ) .. ..() O $1$.%*) I*- ) $-. ) 2 % |#

Critical Habitats and Biodiversity |



$'$ (O NNO NNN -#(O NN *0-40 NN *-./-e(O N 4./-e(O NN *1 O N ))O ) NN $)"N $"#+N [
Functional Ecology% % p(qP #"#&e$$N #//+. Pvv *SN*-"VH#"NH##H##VHN('cCE&% ' N#%S+"N

$"$ (.*)O N #++)N [ -$) $* $1 -.$/4 $Mafine Biodiversjty: Bafterns)and ProcesSes $/ 4 NNN -(*O NN "O ) NN )" '«
#e#)N (-$"0 P (-$" )$1 -.$/4 - ..N

$'.*)O NNO NNN -#(O NN -/#//O NN *) .0 ) NNN *0)$)N $""(N [ 0'/$+" $./0- ) . ) [# '* ' "-
$.& *- .$'GlopallGhange Biologt$ p##qP $$$"e%&N #//+.Pvv *$SN*-"VH#"N###H#VIONH#%('cE&*(NS""(N"#$'$N3N

$)) -0 NO N *# -"O N $' -0 N -** (O N (O ) N 0"0./4)N $"#*N [ 2 [#* .$)" Io1s sy ) +)
[ -($)  $I$"I$*) . 1 N\ o+ - 4- 4 - Uro (g #S$-] )# [$)" %1 I# *(+'$ ) *(($/] O [* - ##e#%O *0( C
#11+.Pvv222N . IN*-"v )v.4./ (v .v #%m )I*"%m m m $/$" /$*) . m L1#N+ IN

p *-' [ ox-xrxng ot Wt ) $5 [/ $The IBldbak@bserving System for Climate: Implementation Needs) 1 P N #//+.Pvv'$ - -4N2(*N$)/v*+ v
*m)O(N+#+U 3+')0(m$ ®%&#)N

** "0 NNO NN *$).*)O NN *" -0 NN -4).2(40 ) NNN /-*NS$"#N[ +c $I/ -P  *(+ -$.%) *I
I'Y$ ) ) $) Yoo 1 L H[# )I$-*)( ) ) )I#-F+*")S  [*-. (+ [ 0(0' Adriters)in Mafing KB Ny -0 -4qP
%N #//+.Pvv *$N*-"V#"N%%*+vI( - N$"# N""""%N

¥ 40 N NNO NN $//).*0 NN 0)./)O N 08" -c--*$/ O NN #*5¢c *)I*-/O NN $)/'0O N *-(O ) NN Z
# 4+ 4 ) -"4 1 $ NSUR/BNY% p)("%QgP %+%e+(N #//+.Pvyv *$N*-"VH"N#"%*v) /0- #)+%)N

*-! ) & N $The)Suinken Billions Revisited: Progress and Challenges in Global Marine Nsherigs$)"/*)O0 P *-' Y&N #//+.Pvv*+ )&)*2' " N2*-'
*oUv# ) D vH T+ (VvE&T(N

*(O NO NN -$-0 N O0(*)/O N 040 N *& O NN '+ -)O0 NNN &*O0 / 'N $""(N [ (Sciehce*! $* $1 -.$/.
%H& P RGP )*)e+ "N #//+. Pvv *SN*-"VH N##S(V. $ ) NH#A%SS+&N

*(O NO ) NN 4-NS$S"0%NT [ /c) '4.5. %1 *e#-$(+ ) - /$*). 1 '. *+cEDGY)&-PHEP #($8)%WN #//NPvv *$N
KUVHUNER VS CH( KPS % & H(SP S$SN"N Q$N

*(O NO ) NN $//).*-N $"##N [ )" *)/- [$*) $Procetdings ¢fEhe Natiohat AkBdemy of Sciences of the United States of America
#"* pS+qP ##+&Pe&)N #//+.Pvv *$N*-"VH#"N#")%v+) N#H#"$% %#"*N

*(O NO ) NN $//).*-N $"#*N [ # *-4Mdnogtaphs ifi Pdpalatios Bodgy"N -$) /*)O P -$) /*) )$1 -.$/4 - ..N

-$"#/0 NO N - -*)O N % - O N 0--$0 ) N *#// NS$S"#N[ 1)8$)" -$) $*$1 -.$/4 -*/ [$*) [#-*0"# "$*)

**( $.#-% . '*.0-.9%) - . 4*) [1$*) MarbePolgy (B*PNAL ( -gqP #%&e&*N #//+.Pvv *$N*-"VH#"N#"#(VIN( -+*'N$"#'N'

o op*et "S- %1 -$) + $ .qN )N N[/ /$./$ N\ #//+Pvv222N( -$) .+ $ .N*-"v +#$ N+#+U+®./ /.N . -#$
p *-' $''$! 0) qgNMevikihg the Ocean Economy: The Case for Action-N2015) O 2$/5 -' ) P ) =) 1$*) 'N #//+.Pvv &"$$))N.."N I#N

*(v+0 '$ /$*F).v)+"vE vr-$"$) 'v 1$1$)"m ym *)*(4m m'*2m- N+ [U#&$+)#)%$S%N

O NO ) NN 0/$ --5NS$"#)NJ[) $)" $.# -4 1 -3+'*$//$*) 4 3+ ) $)" !-*(Naturé Eélogy.and/BEvolutio#$p 0) HB/$*). N\
"#)+N #//+. Pvv *$N*-"VH#"N#"%*v.&# "+c"#)c"#)+N

..*JO NO NN '"-&0 N 4'*-O ) NN *" - N $"##N [ # '* ' $./-$ 0/$*) *! (*D¢ép Sea Respatoli Part I) 1#4( /-4 |
Oceanographic Research Papers p&qP &&$e'%N #//+.Pvv *$SN*-"Vv#"N#"#(V%BN .-NS"##N"$SN""&N

)1 'N NNO NN 0-& +$' O NN #)/50 NN -$/#-0 N $).0 NN 4/0 N '"#0 / 'N $"#(N [ 1 -f.#8%)" )
/¥ $.-0+/ *- ' 1. *2) [* $ -*N@ture comniihicationy p 0) qP ##*% %N #//+.Pvv *$N*-"VH#"N#"%*v) *((.##*% %N

#)"0 NO ) N ON $"#)N [ #8) Z. -$) $.# -4 ) GlobalPolicy* pSaP B#NeS(N #//+.Pvv *SN*-"VH " NH#HHAVH) *C'*++N#S

**'$0 N NO N -*08$)0 ) N (+ ‘N $"#&N [ /[ - *'0() *-- [$*) 1*- Sersors#& P8qP #(**¢é+%¥B)AN+.Pvv *$N
KUVHIN% Y+ VL H& HH(FFHEN &)*20 " ()],

| High Level Panel for a Sustainable Ocean Economy



Acknowledgements

# ++ -Z./ #)$ '-1$2-.0 $-$( -)) 5 -"$ 0 /0 -/ $)$)(*)/# ) *-$. *-(O
Martin Stuchtey, all provided helpful technical comments.
#o0/#* -, xIH# )& [#H O *- .*0- )./$/0/ 1*- +-*1$ $)" 0++*-/ . /# -/ -$ /N
#$' *0- *'' "0 .2 - 1 -4" ) -*0. 2%/# /# $-/$( ) $)+0/0 /#$. - +*-/ - g [. [# 1% 2.
Y N O*-" 080 2 0 L0++*-] 4 [# *0) [$*) I*- $ ) ) #)*'*"4 p *-/0" 'q /[#-*0"# /#
V'&%$(v$"$"0O vir&VSTHT ) I#H - ). $/$*) T )*-(f ")vS"#(v #%(#V ""%'N
The authors thank LSF Editorial for copyediting and Rosie Ettenheim for design.
Lead Authors Contributors:
Alex D. Rogerss the Science Director Ward Appeltansis the marine biology of cetaceans and seabirds,
*1 YO )*/c!*-c+-*f/ Wadige)ty focal point of UNESCO- ' -" '4 $) /# $f ) *0/# -)
for a healthier ocean. He is also a ) .$) $"#$ $. /# # OcdangHar from shore.
$.8/8)" bl T# teley-s g N %*gr?il?p%)IaCuryisseniorscientistat
of Zoology, University of Oxford, c # ()" * .
a Researcher of the Oxford Martin ) 2. +-r% [ I 1# /pl*)./$/0/ ror t*OI-
gre )$*- SH o aae x e ) - -8y ).ukof T OIQ - |)*# /$%)
of Somerville College, University of )y 2 .$)1*'1 $) .1 - O—*'l+ .-*)f( ))/.21$/)0//#; - 0.1°%)
Oxford. Prof. Rogers has a backgroundmarine biodiversity projects. ) )
. . . representative for Europe in Brussels
in marine ecology, systematics and . .
Jorge Assis $. - . - # ! '"*2 at CLORA (Club des Organismes
molecular ecology. ) )
at the Centre of Marine Sciences # - # ..*$ .gN $. /#
Octavio Aburto-Oropeza is an and lecturer at the University of -8 ) KL # $)/$f *0) $' *!
Associate Professor at Scripps Algarve. He has a background in I# *) * )./$/0/ *! )*"- +#4
)./$/0/$*) *! )*"- +#4 pnarigelecology and data science ) *) KU # (2% 0% )/$f 0 - [*-.
professional photographer associate  and currently focuses his research *10-*( -$) *).*-/$0( p222N

28/# 1# ) -) 1$*) !
Conservation Photographers and a
National Geographic Explorer. His
research and photographs have
focused on marine reserves and
commercially exploited marine

S L) I8 $- foH - .
America and the United States.

"0 irf &ddressing the potential

*y. ,0 ) . oxp nrw "$(/
changes (past, ongoing and future) to
marine biodiversity.

Lisa T. Ballanceis Director of
$ )Ore%r} State University’s Marine
(( )./$/0/ O ) *2 #
for Marine Mammal Research and
- - ( -9)
National Oceanic and Atmospheric
Administration (NOAA). Her research
focuses on ecology and conservation

0-*( -$) ) /2*-&N OgN $. - . -
focuses on sustainable management
of marine resources in an
ecosystem perspective.

Carlos M. Duarteis Professor of
Marine Science and Tarek Ahmed
$0 '$ -# # 3$-9)
Ecology at King Abdullah University

*'xv$ ./ 2$/#fBtience and Technology

(KAUST), and Professor at the Arctic
Research Center, Aarhus University,
Denmark. His research addresses

Critical Habitats and Biodiversity |

#

1

+ o



marine ecology, conservation

and the impacts and responses to
human pressures for ecosystems
ranging from polar to tropical and
from coastal to the deep sea. He

is a member of the Expert Group
supporting the HLP commissioning
this series of Blue Papers.

Senckenberg Biodiversity and Climate
- # ).1$/0/ $)

research and services mainly focus on

spatiotemporal models, application

of earth observation in biodiversity

and ecosystem studies and open

geo-information tools to support

science-policy interactions. He is

O/#*- *1 |#
Assessment Report on Biodiversity
and Ecosystem Services and the head

Fabio Favoretto is a Marine Ecologist
at the Universidad Auténoma de Baja

California Sur in La Paz, Mexico. He has, | [ 4 I #)s 0++*_/.0$§§)/$f 0) -+$))$)" I*- ) 2
a background in benthic ecology and on. data ' * - 1S - %+ - )]
0--)/"4 2%-&. *) - (*/ .).$)" 4 $"%"f2#S$ # $. " $)$)" 2%

* |

David Obura $. $- /*-
(Coastal Oceans Research and

applications in coastal environments.

S I$*).#S+ 12 ) '$( /O

- () 4 Nbiodiversity and human activities.

Callum Robertsis Professor of
Marine Conservation at the University

*1*-&N $. - - # 1 0. . 0%)
threats to marine ecosystems and
80 ) )Y )y ) /# (). I*

protect them. His team helped design
I# 2*-" W,
protected areas and provided the

international support.

Joy Kumagai is a Research Associate 1 %4( ) $) 1% ) $) )\évonn Sadovy 2 . N

/ N - - - # 0. . 0*F) ]J# ____’the School of Biological Sciences
) ) o Africa, a Kenyan research organisation ) ]
impacts of anthropogenic activities * 0 XY kel %1# o/f t_hse University of Hong Kong for
on ecosystem services and marine ' ' o *17- 8" 4 - $- IS I

Y )$)  ON -*( 1%0) /$*).$)

biodiversity. Her background is . . . "1 o)) fo# -4 $) 0 -/*
) ) : i coral reef resilience, he increasingly ) .
in marine biology and applying 2%-g % $) - *). -1 /$*l§|cc5. She founded and co-chairs

L #S I ([$*) 4 (. ]F ' E o N .

1 '*+( ) $) 2 4. 1# 1 2% L
).2 - - . -#,0 ./$*).N Specialist Group and co-founded and

necessary for a sustainable future

Catherine Lovelock is a Professor t*- = /" .4.] (.N

at the School of Biological Sciences YJO( - *p e 2%-gG)" Mok
/I 1# )$1 -.$/4 *1 0 ).' ynguding the Earth Commission and
Australia. She has investigated the $* *O ) # $-. /#

physiology and ecology of mangroves Coral Specialist Group.
and other coastal plant communities

] A Bethan C. O’Learyis a Research
over their global distribution,

) i LS I#E )$1 -.$/4 ¢
focusing on climate change and N Crx
$/ $ ( + / 2 'R /# % )k | ) $ - - # 2
' o ) University of Salford. Her research
20 ) 08) '$(/ "

ocuses on sustainable management
of marine resources, particularly
through marine protected areas,

adaptation and mitigation.

Patricia Miloslavich is the Executive

2+-&. 2W¢

Ny

jr %ts Science and Conservation

8‘?_%‘ Aggregations. Her specialty

$. Vf# . ) f.#-% .0 /# $-
conservation and management

Tracey T. Suttonis Professor in

the Halmos College of Natural
?cig@%?s and Oceanography at

a Southeastern University
(Dania Beach, Florida) and Assistant
Chair of the Department of Marine
and Environmental Sciences. His
research entails oceanic ecosystem

R -0 /0- O I** 2 4) ($ .0
$- Ir- b I# $ /st r((ey1T# $)[ - 18T) TS )/$fr ismal ecology biogeograi)hy(/
on Oceanic Research (SCOR), an - - #2%/# ++'$ )1$-*(}?:£]//83*)*(4O’ ) s o* , )
i i management and policy. )
|gte;nat|c;naI:G(;toheipadgress . /$*g policy 2 - #$+0 28/# (+# 8. %)
- +! - . .
I) q 'h ) sh ) )_ d’ Gabrie? Reygondeauis a research human impacts. He is a member
rea:cte to; eocsarb ] eléda(;e;.re’ associate in the Changing Ocean *L/# 3+ -/ ) VIR J# f- )
pr*o‘e3jor r;mt c ;n;erlﬂ Na 1mon Rgsgaorch Unit at the University ) )8/ /$*). *-!
< - -
o ) ) ) o ) of Bl’itISP‘I Columbia and in the Ocean Assessments.
is in marine biology, biodiversity and
lobal biological ob ) Department of Ecology and B Tith s /# $.%2 &4
global ocean biological observations. 1%°0/$%) | )81 __$/4'\Per¢?k$ > Ti _ensor . -$. .
o o . Chair In Marine Ecosystem
Aidi Niamir is a scientist at the an oceanographer, ecologist and Forecasting at the Department
Data and Modelling Centre of the $F" K- +H - 2#F 3+ L H

| High Level Panel for a Sustainable Ocean Economy

f-.l ) 12*-& *! #$"# .

Lt -



of Biology, Dalhousie University,
Canada. He is a marine ecologist

28/# - . - # 1% 0. %) $* $1 -.$/4

and human impacts on marine
ecosystems. He is also coordinator of
the Fisheries and Marine Ecosystem

) - R (+ -8 ) -*% ]
p $.#c gN

Enriqueta Velarde is Senior
- #o-v - k- [ [# ). 1$/0/

of Marine Sciences and Fisheries

[ 1# )$1 -.$ - -05) %)

38 * ) #.&%$ 4 -.*l 3+ -%)

in research projects related to seabird
ecology. Main areas of interest include
generating a long-term time series
of biological and ecological seabird
parameters providing information
to support demographic, trophic

) f.# -% . +- $ /%1 (* '.Q
marine protected area planning

L2 o)1 ) sl #$./*-4
research of endangered species in

) 10- " +-*] ] - N /# - 2*-&
areas focus on ethno-ornithology,

$) $" )*0. &)*2' " ) $/$5)

science.

Interactive versions of the major

f"o0- . $) /#S. + + - 2%8/# .1 1$.1$ .

-*& ) *2) [ o ]
are available at: https://octopus.
z00.0x.ac.uk/studies/critical-
habitats-2020

Critical Habitats and Biodiversity |






N
7" ==\ HIGH LEVEL PANEL for
A Y, A SUSTAINABLE

W.2# OCEAN ECONOMY

e

10 G Street NE

Suite 800

Washington, DC 20002, USA
+1 (202) 729-7600

oceanpanel.org

Critical Habitats and Biodiversity |



	1. Overview
	2. An Inventory of Marine Habitats and Biodiversity
	3.	Biodiversity Loss
	4.	Thresholds and Tipping Points
	5.	Monitoring
	6. Gaps and Challenges in Habitat Protection
	7.	International Conventions and Agreements
	8.	Opportunities for Action
	9.	Limitations of the Paper and Conclusions
	Abbreviations
	Endnotes
	Acknowledgements

