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® By Ecological Society of America

- the processes by which the environment produces resources that we often take

for granted such as clean water, timber, and habitat for fisheries, and
pollination of native and agricultural plants. Whether we find ourselves in the city
or a rural area, the ecosystems in which humans live provide goods and services
that are very familiar to us

® By Wikipedia
- Benefits from a multitude of resources and processes that are supplied by

natural ecosystems

® SAE|A AMH|A2| FO

- Benefits that people obtain from ecosystems, including the open ocean, coastal
seas, and estuaries.
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CONSTITUENTS OF WELL-BEING

SOCIAL COHESION
MUTUAL RESPECT
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ECOSYSTEM SER\”CES Se{;urityr
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FOOD SECURITY FROM DISASTERS

FRESH WATER

WOOD AND FIBER

FUEL

Basic material
for good life Freedom
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Source: Millennium Ecosystem Assessment

COLOR WIDTH
Potential for mediation by  Intensity of linkages between ecosystem
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Low == Weak
Medium 1 Medium
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MEA, 2005
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Ecosystem services
Link social and ecological systems

ecological engineering

ecosystem services

provisioning
/ services |
ecosystem -~ regulati( \ people
processes | services » (human well-

being)
\\\ | B -

cultural
services

I restrictions on

use and access

Modified from
Bennett, Peterson, Gordon 2009 Ecological Letters
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KA XHH(natural capital)2l JHR

(EEA, 2015, adapted by Science for Environment Policy, 2015)

Natural capital

Ecosystem capital

Ecosystems
as asset:

Extent, structure and
condition of:

Forests, woodlands,
rivers, lakes, oceans,
coasts, wetlands,
grasslands, croplands,
heathlands, urban
parks, etc.

FRAGILE

GENERATING

Ecosystems

service flows:

» Provisioning
services (food,
fibre, energy etc.)

- Regulation &
maintenance (of
climate, river flow,
pollination etc.)

» Cultural services
(recreation in
nature, spiritual
use of nature etc.)

DEPLETABLE

Abiotic assets

Solar radiation

NON-
DEPLETABLE

Minerals, fossil
fuels, ozone

layer, gravel, etc.

DEPLETABLE

Abiotic flows

Renewable
energy (solar,
wind, hydro)

NON-
DEPLETABLE

Phosphate
fertiliser,
radiation
protection, etc.

DEPLETABLE
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Marine ecosystem services according to the Millenium Ecosystem Assessment categories

PROVISIONING REGULATING CULTURAL
SERVICES SERVICES SERVICES

Products obtained from Benefits obtained from the Nonmaterial benefits
ecosystems regulation of ecosystem obtained from ecosystems
processes

Food provision Water purification Spiritual and religious
(fisheries and Air quality regulation Recreation and
aquaculture) Flood/storm protection ecotourism
Water storage and Erosion control Aesthetic
provision Climate regulation Inspirational
Biotic materials Weather regulation Educational
Fiber, timbres, and Ocean nourishment Sense of place
fuel Life cycle maintenance Cultural heritage
Biological regulation
Human disease control

SUPPORTING SERVICES
Services necessary for the production of all other ecosystem services

= Photosynthesis ®= Nutrient cycling = Biologically mediated
* Primary production = Resilience and resistance habitat
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ECOSYSTEM SERVICES Coastal Marine
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Biodiversity X X X X X X X X X X X X

Provisioning services

Food X X X X X X X X X X X

Fibre, timber, fuel X X X X X X

Medicines, other resources X X X X X X

Regulating services

Biological regulation X X X X X X

Freshwater storage and retention X X

Hydrological balance X X

Atmospheric and climate regulation X X X X X X X X X X

Human disease control X X X X X X X

Waste processing X X X X X

Flood/storm protection X X X X X X X X

Erosion control X X X X X

Cultural services

Cultural and amenity X X X X X X X X X

Recreational X X X X X X

Aesthetics X X X X

Education and research X X X X X X X X X X X X

Supporting services

Biochemical X X X X

Nutrient cycling and fertility X X X X X X X X X X X

L

UNEP, 2006
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OPEN @ ACCESS Freely available online @ PLOS | ONE

Current Status and Future Prospects for the Assessment
of Marine and Coastal Ecosystem Services: A Systematic

Review

Camino Liquete'*, Chiara Piroddi', Evangelia G. Drakou?, Leigh Gurney’, Stelios Katsanevakis',
Aymen Charef?, Benis Egoh’

1 Water Resources Unit, Institute for Environment and Sustainability, European Commission - Joint Research Centre, Ispra, Italy, 2 Land Resource Management Unit,
Institute for Environment and Sustainability, European Commission - Joint Research Centre, Ispra, Italy, 3 Maritime Affairs Unit, Institute for the Protection and Security of

the Citizen, European Commission - Joint Research Centre, Ispra, Italy

*«—
Liquete et al., 2013
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This paper MA Beaumont TEEB CICES
Terrestrial plant and
animal
Food provision Food Food provision Food Freshwater plant and
animal
E‘ | [Marine plant and animal
= Potable water
g Wate;rsot‘?irsaig: e Fresh water N/A Vater Water flow regulation
'S | | Water quality regulation
E | Ornamental resources | Ornamental resources
o L . Genetic resources Genetic resources L )
Biotic materials and Biochemicals SRR | Medicinal resources Biotic materials
biofuels 1
Fiber Raw materials
| | Renewable biofuels
Water purification and Bioremediation of Bioremediation
Water purification waste treatment waste - Waste treatment  Water guality regulation
) : Nutrient cycling _ Nutrient cy_fcllng Dilution and
Air qua_llty Air quality regulation Gasand c.hmate Air quality regulation | sequestration of wastes
regulation regulation
3 Nart:gzllal';ail::rd | Moderat&r;stfsextreme Mass flow regulation
E Coastal protection Water regulation Disturbance Regulation of water | .
c prevention e Water flow regulation
g Erosion regulation
c Erosion prevention Air flow regulation
i - ] Gas and climate
£ | Climateregulation ' (. ote regulation regulation Climate regulation  Atmospheric regulation
'E Weather regulation N/A
© T R eI Soil formation Maintenance of soil Pedogenesis and soil
2 Nutrient cycling Nutrient cycling fertility quality regulation
% ?yg';t: E?Tﬁi;':uﬁ Lifecycle_ maintenarjce
D species and habitat protection
& Life cycle Pollination Biologically mediated Maintenance of
maintenance habitat genetic diversity
Gene pool protection
Pollination
Biologi_cal IPest regulaliup N/A " Biological control Pest and disease
regulation Disease regulation _ control
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Provisioning Services

7HLECE

Service Description Importance Pncima
MARI N E A Regulating Services
Service Description Importance Pncima
ECOSYS.I Cultural Services
Service Description Importance
Supporting Services
Service Description Importance
s Food Climate
Regulation
Certain organisms
provide living quarters
Spiritual for other marine spedes
& simply through their
Inspirational narmal growth.
Seagrass beds, kelp
forests, mangroves, and
Biologically mediated coral reefs are all well
Biologically habitat refers to habitat kniown “living” habitats
Mediated that is provided by of the sea.
Habitats living marine Natural marine habitats
organisms. provide breeding and
The provision of Iz Zpzes for
Eresh containing lc various plants and
res concentrations of ¢ aI1II'I.'I.B|S.'|1'H=.TSE ==
Water salt, such as in lake Pal'_t":'-'la_r'!i TOFIOET
streams, and unde FﬂIJlIVE.I'IIlESSBEkII'lg
protection from
predators.
Recreation
A report on ecosystem services in the F &
Management Area (Pncima) < Tourism
e The production of All life on Earth directly
chemical energy in or indirectly relies on
o . organic compounds by primary production.
= David . 5 r::tr;" living organisms Diatoms, a class of
N Suzuki . through phytoplankton, are the
Foundation photosynthesis and dominant primary
chemosynthesis. producers in temperate

SOLUTIONS ARE IN OUR NATURE

Produced by the David Suzuki Foundation in collaboration with the Living Oceans Society and the Sierra Club of B.C.

Pncima

Pncima

Kelps and eelgrasses have
been recognized as the
most important
macrophytes in Pncima,
serving as critical sources
of food for sea urchins
and abalone, and shelter
for crustaceans, some
species of finfish, and
invertebrates.
Cold-water corals are
important habitat for
benthic organisms such as
adult fishes, crustaceans,
583 stars, 583 anemaones,
and sponges, offering
protection from strong
currents and predators.
Estuaries are highly
productive habitats used
by salmon, crabs and
other shellfish, marine
mammals, and seabirds.
They account for less than
3% of the BC shoreline,
but are utilized by 80% of
all coastal wildlife.
Pncima contains many
areas of high primary
productivity, including
the Scott Islands, Hecate
Strait Front, Czamano
Sound, Mcintryre Bay,
Cape 5t. James, Chatham
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e 1 United States
- Environmental Protection
\’ Agency

Table 2. Economic values of ecosystem services in California categonized by ecosystem type and amenability to valuation by avoidance cost or replacement cost
methods. All values converted to 2008 TUSS. Notes in Appendix 1.
| | DT b [ e ] seemoun
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ outer seamount ‘
Service Categon shelf, and mid-
PROVISIONIN | Service fome o e -t -t | oten e b e e e
Category outer | seamount
REGULATIN shelf, | and mid-
food air quality mud | lagoon and rocky rocky | shell inner | edge, | ocean inner
==capture fisherie regulation Service Category | marsh beach tlat salt pond estuary ntertidal | kelp | reef | reef | seagrass | shelf | slope ndge shelf
-=aquaculture climate - - - - - - 4l- 45 - 4=
==wild plant and regulation CULTURAL 45 45
animal products erosion cultural diversity = - - = - - = - - - - - -
penetic resources | regulation spiritual and : ; ) ; § . ) ; ; § ; §
biochemicals, water religious values
natural medicine: | punfication, knowledge . - . - - . - - - - - - -
pharmaceuticals waste treatmen | systems
ornamental disease educational values = > = = = = = = = = = = =
TES0UrCEs regulation inspiration = = - = = - = - = = - = -
human habitation | pest repulation | aesthetic values - - - - - - - - - - - - -
human navigation | pollination {an¢ | gocial relations - > - = 5 - = - S S - S -
energy (forhuma | seed dispersal) [ o of place B - N - - . . N - - . - .
(use) | matwml lhazard cultural heritage 27 42 Note | Note
poalaion | e ' - a2 S T L
e el R A e e R R S R A R E
retention SUPPORTING - - - - - - - :
gas regulation photosynthesis - - - 46-6,254 - - - - - - - - -
primary 1,351 =
production . ) ) 69,671 ) i ) ) ) ) i ) i
11,188 | 2,081 2,081
= - - - - - - - (Note - 69 - -
nutrient cycling B) 5.350 5,350
13,854 -
water cycling B B ) 69,671 B i B ) B B i B i
. 31,500 -
BUNDLED (Mote : Note 421 -817
ATTRIBUTES#** | 1) 72,900 3 Note 4 (Note 5) | Note6
(MNote 2)
** “Bundled attnibutes™ refers to cases in which people were asked to value estuanine ecosystem services generally, rather than by category.
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EPA/B00/R-11/001 | October 2011 | www.epa.goviresearch

Unlted States
Environmenital Protection
Agency

An Optimization Approach to Evaluate
the Role of Ecosystem Services in
Chesapeake Bay Restoration Strategies

United States Environmental Protection Agency
Office of Research and Development

Table ES-1. Load Reduction Targets by Basin (millions of lbs)

Basin Nitrogen® Phosphorus Sediment

Eastern Shore of Chesapeake Bay 4.74 0.27 38.88
James River Basin 8.18 0.89 326.23
Patuxent River Basin 0.20 0.05 7.67
Potomac River Basin 6.77 1.03 509.72
Rappahannock River Basin 1.01 0.18 51.90
Susquehanna River Basin 33.14 1.16 529.02
Western Shore of Chesapeake Bay 491 0.26 38.24
York River Basin 0.95 0.08 23.80
Total 59.91 3.92 1525.47

* Excludes expected reductions in delivered loads attributable to non-tidal atmospheric deposition in the watershed,

Gray options to reduce N,
P, and Sediment

Wastewater
treatment plants

Ecosystem Service Benefits to
Indicators Stakeholders
Reductions in nutrient Improved

and sediment inputs

Stormwater detention
ponds

recreational
opportunities and
aesthetics

Septic upgrades

Water storage®

Fish habitat®

Floed and drought
mitigation

Green options to also

create multiple bonus

Animal habitat®

ecosystem services

Hunting, fishing and
birding

Waterfowl habitat*

GHG mitigation®

\\//

Reduced rate of
climate change

*

Bonus Ecosystem Services

Figure ES-2. Gray vs. green infrastructure pollution controls,
associated ecosystem services, and stakeholder benefits.

Evaluating Alternatives for Achieving Pollution-reduction Targets
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Table ES-7. Summary of Optimization Results by Scenario

Unlted States

Environmental Prd Least-Cost Solation Least-NET-Cost Solution
Apency Bonus Bonus
Annual Control Ecosystem Annual Annual Control Ecosystem Annual
Cosis Services (S NET Costs (S Cuosts Services (S NET Costs (S
Scenario ($ millions/yr) millions/yr) millions/yr) (5 millions/yr) millions/yr) millions/vr)

Scenario 1 — TMDL Basin-level Targets 2054 91.0 114.5 2928 251.8 40.9
Scenario 2a — Basin-level Targets with 10% BMP 2184 LER 128.6 301.4 2380 63.4
Transaction Costs (Base Case)
Scenario 2b — Basin-level Targets with 25% BMP 2378 6.9 150.9 3075 2135 939
Transaction Costs
Scenario 2¢ — Basin-level Targets with 2. 2x Land Rental 2878 594 2284 33501 1338 012
Cosis
Scenario 3a — Basin-level Targets with 10% BMP 14571 2872 1,169.9 1,4873 3293 11580
Transaction Costs, 2:1 Credit Ratio
Scenario 3b — Basin-level Targets with 10% BMP 2,020.9 3744 1.646.5 2,031.0 3814 1.649.6
Transaction Costs, 3:1 Credit Ratio
Scenario 4a — Basin-level Targets with 10% BMP 2278 91.2 136.6 308.6 2328 758
Transaction Costs, Low Sediment Load Allocation
Scenario 4b — Basin-level Targets with 10% BMP 2186 LER ] 128 8 3007 2374 633
Transaction Costs, High Sediment Load Allocation
Scenario 4¢ — Basin-level Targets with 10% BMP 2171 Eo & 1303 2987 2358 629
Transaction Costs, No Sediment Reduction Target
Scenario 5a — Basin-level Nitrogen Target Only with 199.9 79.4 120.5 2821 2240 58.0
10% BMP Transaction Costs
Scenario 5h — Basin-level Phosphorus Target Only with 75.7 423 334 151.3 176.1 (24.8)
107 BMP Transaction Costs
Scenario S¢ — Basin-level Sediment Target Only with 201 6.9 13.2 118.0 150.9 (33.0)
1074 BMP Transaction Costs
Scenario 6a — Basin-level Targets with 10% BMP 2184 527 163.7 2492 101.6 147.7
Transaction Costs, Low Carbon Price
Scenario 6b — Basin-level Targets with 10% BMP 2184 1794 391 4392 666.0 (226.8)
Transaction Costs, High Carbon Price
Scenario 7Ta — Basin-level Targets with 10% BMP 1,024.5 514 973.1 1,106.6 150.9 915.7
Transaction Costs, Tier 4 Upgrades

Evaluating Ecosystem Services in
Chesapeake Bay Restoration Strategies ES-15 Final—October 2011
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Valmer Project: North Devon XIS Aléil

® ArgH{A
1) fHAZR X E= 7 H (North Devon Biosphere Reserve, NDBR)
2) kS| W, D, AT N ALK SO FR MEfA T
3) €2 ol ST St = Qlot 2 AAX| CHFd



off FUEHAIMH| A A ST 7 E
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Habitat categories
77 Rack habitat
L1 - Coarse sand
2 - Sand
3 - Fine and mudt

Figure 1. Seabed habitats ir
Reserve.

Figure 2. Estimation of curr
services [combined delivery
processing and carbon buri:
of human use.

PR : " Change in service
N SR ? B Decrease
_ W | :

% Small decrease
| No change

)’ Small increase
I Increase

Not analysed (rock habitat)

Figure 3. Recommended Marine Conservation Zones
scenario: estimation of the provision of ecosystem services

(combined delivery of nursery provision, waste processing
and carbon burial).
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Journal of the Korean Society

for Marine Environment and Energy
Wol. 18, No. 2. pp. 102-115, May 2015
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Emergy Evaluation of the Korean Economy and Environment:

Implications for the Valuation of Marine Ecosystem Services

Daeseok Kang'
Department of Ecological Engineering, Pukyong National University, Busan 608-737, Korea
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Abstract — Several emergy researches have been carried out to estimate the value of marine ecosystem services in
Korea over the last decade. Their results cannot be compared mainly due to inconsistency in emergy-money ratios
used to convert emergy unit into monetary unit. This study aimed at providing a standardized format for the
emergy evaluation of the Korean economy and environment for different emergy evaluations to be compatible.
Even though the area of the continental shelf increased in this study compared to those of previous studies, area-
weighted average tidal range for the entire continental shelf of Korea resulted in smaller tidal range, decreasing the
final emergy input from tide. However, emergy inputs from nonrenewable resources and purchased goods and ser-
vices increased with new categorization and use of more detailed data, combined with updated unit emergy values.
This led to higher emergy-money ratio for the Korean economy, indicating that previous emergy valuations might
have imated the contributions of marine ecosystem to the real wealth of the Korean society. The base year
for gross domestic product used in the emergy evaluation needs to be clearly indicated due to its impact on the cal-
culation of the emergy-money ratio. A standardized emergy table for the Korean economy will contribute to ensur-
ing consistency among future emergy researches on the valuation of marine ecosystem services.

http://dx.doi.org/10.7846/JKOSMEE.2015.18.2.102
ISSN 2288-0089(Print) / ISSN 2288-081X({Online)
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Valuation of Marine Ecosystem Services and its Application to Marine Spatial

Management
Nam, J., ). Kang, 5.H. Yoo, and W.K. Chang
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ABSTRACT
Valuation of ecosystem services has been conducted since the mid  1990s,
Global society has witnessed importance of ecosystem services through MEA
(Millenium Ecosystem Assessment), TEEB(the Economics of Ecosystems and
Bindiversity) and the like. Efforts to evaluate the services has been expanding
its scope from terrestrial areas to manne and coastal areas. Recently emerging
sment of cumulative impacts on marme  ecosystem of

issues include  ass

socio-economic  activities, and development of ocean health index. Korean
society has evalhated marine ecosystem services, mainly focusing on  tidal
wetlands and estuanies. Valuation of marine ecosystem has been applied, in
limited manner, to large-scale national development projects= m marine and
coastal areas. However, evaluation methods need to be developed, adjusted to
Korea's natural environmental characteristics and socio-economic features. In
this megard, marine spatial management by amlying valuation of marine
ecnsystemn 15 expected to contribute to enhancing science and rationality -based
approach. This study amims to develop a framework on the application of
ecnsysten valuation to marine spatial management in Korea,

Keywords @ Ecosystem services(8 B2 A v]2), valuation (743 5
7H1, Marine spatial managementi 82 F7Ha ),
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The value of the world’s ecosystem
services and natural capital

Robert Costanza*t, Ralph d’Arge:, Rudolf de Groots, Stephen Farberl, Monica Grassot, Bruce Hannon¥,
Karin Limburg:*, Shahid Naeem**, Robert V. O’Neillit, Jose Paruelo:i, Robert G. Raskinss, Paul Sutton||
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t Economics Department (emeritus), University of Wyoming, Laramie, Wyoming 82070, UUSA
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A Census of Marine Biodiversity Knowledge, Resources, and Future
Challenges, Costello et al., 2010, PLoS One

Alaska' 5,925 3,654,304 8,666,714 1.6

Antarctica® 8,200 21,186,153 70,628,284 0.4

Atlantic Europe® 12,270 3,572,655 4,553,917 3.4

Australia’ 32,889 6,819,501 15,272,583 48

Baltic® 5,865 411,218 26,353 143

Brazil shelves? 9,101 2,520,420 6,797,196 36

Canada Arctic? 3,038 3,233,113 2,769,789 0.9

Canada Eastern? 3,160 823,799 705,744 38 .

Canada Western® 2,636 317,363 271,883 83 Chlna
Caribbean® 12,046 2,828,125 7,219,167 43 d

China' 22,365 831,966 66,825 26.9 | Zn I'anked
Gulf of Mexico® 15,374 1,518,067 2,344,179 10.1

Hawaii' 8,244 2,459,609 11,212,445 34 fOI‘ Spp / area
Humboldt Current? 10,186 3,127,380 8,434,076 33

Japan' 32,777 3,970,743 14,721,516 8.3

Mediterranean® 16,848 2,451,059 3,833,673 6.9

New Zealand' 12,780 4,073,895 10,004,545 3.1

Patagonian Shelf? 3,776 2,693,614 7,264,273 14

SA Trop West Atlantic? 2,743 604,068 1,629,080 45 South I(O I'e a
South Africa’ 12,915 846,463 1,758,244 153

South Korea' 9,900 306,674 166,752 323 | ]_st I'anl(Ed
Trop East Pacific® 6,696 905,540 2,442,107 74

USA California® 10,160 1,053,172 1,933,718 96 fOI‘ Spp/ area
USA Northeast” 5,045 692,073 1,270,708 7.3

USA Southeast® 4,229 624,984 1,147,525 6.8

Data sources cited in Methods. SA = South America (excluding Caribbean coasts); Trop = tropical. Spatial statistics based on (1) Exclusive Economic Zone, (2) portion of
all EEZ for South America, USA, or Canada, (3) sea area, (4) combination of Norwegian, North, Irish, Greenland, and Celtic seas; Bay of Biscay; English, St. Georges, and
Bristol channels; Inner Seas off West Scotland, (5) combination of Baltic Sea, Kattegat, Gulf of Bothnia, Gulf of Finland, Gulf of Riga, and (6) combination of Mediterranean
Sea, Tyrrhenian Sea, Aegean Sea, lonian Sea, Adriatic Sea, Ligurian Sea, Strait of Gibraltar, Alboran Sea [31].

doi:10.1371/journal.pone.0012110.t001
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v A new diatom genus from
Saemangeum, Korea
v" Found on sand( 2 2}{-more),

thus nomenclature given
as Moreneis

Moreneis Placoneis

i 2
B\ ey : \
f X ,' 5 »
HG. 2. Moreneis coreana. LM. (a, b) Untreated material showing plastid structure. (c-1) Size diminution series of the cleaned valves.
Note the external central and apical raphe endings. Scale bar, 10 pm.
Fic. 8. Moreneis corana. SEM. (a—) External views of a single valve. (a) A whole specimen showing the gross morphology with narrow
girdle bands, note the regular perforations on a pardally broken band. (b, ¢) Valve center, note the shape of the external central raphe

endings. (c) Valve apex, note the external temminal raphe ending. (d-f) Internal views of a single valve. (d) The whole specimen showing
the gross morphology. () Valve center interior, note peculiar intemal cenwral raphe endings and intemally positioned areola occlusions.

" "
(£) Valve apex internal view showing a small, simple helictoglossa. Scale bar, 1 pm. e ] ) > Petronels Na VICUIa
-

Park et al., 2012. J Phycol. 48, 186-195




v" Four new species found
and described from
Saemangeum, Korea

v' First observation of

Fogedia dominance in a
given habitat

references

[[17] Cleve & Round (1880) [ 6 | Foged (1975) [10] witkowski (1994)

[ 2| salah (1955) [ 7| Foged (1985) [ 11| Witkowski et al. (1997)
[ 3] simonsen (1859) n Van den Heuyel & Prug’ [ 12 ] Witkowsii et al. (2000)
[ 4| Rivera(1968) - homme van Reine (1965) ['43] wmwsx etal. (20100)

5 ] Foged (1973) Foged (1967)

LM and SEM photos of Fogedta coreana

L 2

Park et al., 2012. J Phycol 48, 186-195
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Incheon area (region B) exhibited the most diverse
faunal assemblages with 272 species recorded

Polychaetes (Annelida) showed predominance of
120 species followed by crustaceans and mollusks
with 73 and 64 spp.

272 species, approximately half of the total
number of reported species (624)

Jeonjupo (region J) to be next in diversity (173)
with also next in sampling intensity

Next ecological hotspot being highlighted areas :
Haenam (region Q), Taean (region F), and Daesan
(region D),



High MPB productivity zones
Asian tidal flats, Wadden Sea, & New Zealand

Microbenthic Primary Production of Intertidal and Estuarine Areas in the World
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Colne Estuary

02 method

258 g C nr2y-
Thornton et al., 2002

Wadden Sea
"“C method
455 g C mr2y-!
Grentved, 1962 Gyeonggi Bay
0z microelectrode
216 g C mr2y!
f)ostersche!de Kwon, 2012
210 g C 2y~ ‘@ é
Nienhuis et al., 1985 A’
&g
6.4' .
Nakdong Estuary
COz flux
450 g C nr2y-!
Choy et al., 2008
J Manukau Harbor
Country Infrared gas analyzer
Region 476 g Cm?y!
method Wilkinson, 1981

Reference

Annual production

Seto Inland Sea

434 g C m?y!
Montani et al., 2003

Tijuana Bay

Annual production
(g C m=2y")

> 400

300 - 400
200 - 300

100 - 200
Il< 100

Chesapeake Bay

0Oz method

234 g C mr2y-
Sapelo Is. —— :
e == Rizzo & Welzel, 1985
214 g C 2y

Darley et al., 1976
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Short-term variability of MPB primary production
(Kwon et al., 2012)
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razor clam survey at Hwaseong tidal flat

~200 indv./m?2
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m °c mol m-2s-1 mgCO2 m-2h-1
2010-06-07 0:00 6.0 206 0 213
2010-06-07 1:00 5.7 20.2 0 254
2010-06-07 2:00 5.1 18.3 0 -24.9
2010-06-07 3:00 44 176 0 -24.9
2010-06-07 4:00 3.6 172 0 -24.9
2010-06-07 5:00 3.0 16.9 0 -24.9
2010-06-07 6:00 29 178 29 92
2010-06-07 7:00 32 19.6 224 96.4
2010-06-07 8:00 3.8 234 620 184.4
2010-06-07 9:00 4.6 271 964 395.1
2010-06-07 10:00 5.4 270 0 -60.8
2010-06-07 11:00 6.0 220 0 -34.4
2010-06-07 12:00 6.2 219 0 -33.4
2010-06-07 13:00 5.9 238 0 -42.4
2010-06-07 14:00 5.3 282 0 -67.6
2010-06-07 15:00 45 30.2 1504 557.1
2010-06-07 16:00 36 291 1372 512.7
2010-06-07 17:00 28 26.8 1073 369.8
2010-06-07 18:00 24 254 327 96.8
2010-06-07 19:00 24 217 52 6.1
2010-06-07 20:00 29 20.2 29 9.7
2010-06-07 21:00 3.7 191 0 -24.9
2010-06-07 22:00 47 18.3 0 -24.9
2010-06-07 23:00 5.5 19.9 0 -24.9
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=

20091412

2010141

109

1

77.0

104.2

190.1

105.9

93.4

73.7

7.3

46.5

72.7

38.4
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EPA/B00/R-11/001 | October 2011 | www.epa.goviresearch

Unlted States
Environmenital Protection
Agency

An Optimization Approach to Evaluate
the Role of Ecosystem Services in
Chesapeake Bay Restoration Strategies

United States Environmental Protection Agency
Office of Research and Development

Table ES-1. Load Reduction Targets by Basin (millions of lbs)

Basin Nitrogen® Phosphorus Sediment

Eastern Shore of Chesapeake Bay 4.74 0.27 38.88
James River Basin 8.18 0.89 326.23
Patuxent River Basin 0.20 0.05 7.67
Potomac River Basin 6.77 1.03 509.72
Rappahannock River Basin 1.01 0.18 51.90
Susquehanna River Basin 33.14 1.16 529.02
Western Shore of Chesapeake Bay 491 0.26 38.24
York River Basin 0.95 0.08 23.80
Total 59.91 3.92 1525.47

* Excludes expected reductions in delivered loads attributable to non-tidal atmospheric deposition in the watershed,

Ecosystem Service
Indicators

Benefits to
Stakeholders

Reductions in nutrient
and sediment inputs

Improved
recreational
opportunities and
aesthetics

Water storage®

Fish habitat®

Floed and drought
mitigation

Animal habitat®

Waterfowl habitat*

Hunting, fishing and
birding

GHG mitigation®

\\//

Reduced rate of
climate change

* Bonus Ecosystem Services

Figure ES-2. Gray vs. green infrastructure pollution controls,
associated ecosystem services, and stakeholder benefits.

Evaluating Alternatives for Achieving Pollution-reduction Targets







