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Schwartz et al. (2000)

The dependence of ecosystem function on biodiversity
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“You have a great treasure here. The tidal flats here show how river, field, sea
and island ecology can be connected together. In addition, it is one of the most
beautiful places on earth where tidal flats and human beings live harmoniously
together. You are blessed to be here”

(Harald Marencic, Common Wadden Sea Secretariat, 2010)
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Wetlands have...

Subtidal

A ) .
Sea grass

Multiple Habitats
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RAMSAR Conventlon Wise Use of Wetlands, 2007
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f GOODS ' SERVICES

'r ! Recreation & Tourism,
‘ . Fertilizer, Foods, Erosion Control, Wildlife |
" Medicines, Energy, Fiber, Habitat, Cultural & Religious |/
‘ Forage, Construction & Sites, Climate Regulation, "/,
Craft Material Water & Nutrient Cycling

Ecological HUMAN NEEDS

Services Foods, Shelter, Health,
Aesthetic & Spiritual Well-
Being
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(Conventional aquaculture management and the ecosystem approach)

FIGURE 2.1
The transition from a conventional approach
to an ecosystem approach

Conventional | Ecosystem
approach approach

Top-down Participatory

One objective: production Multiple objectives

Sectoral Interaction with other sectors

Farm scale (most common) Multiple (nested) scales

Predictive | Adaptive
Scientific knowledge Extended knowledge
Prescriptions Incentives

Corporate Public/Transparent

Source: FAD (2003),
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What Is coastal wetland?

« Estuaries and coastal wetlands, both vegetated
(mangroves, salt marshes, and seagrass beds) and
unvegetated (mudflats and sand beaches), are
Critical Transition Zones (CTZs) between land,
freshwater habitats, and the sea.

(Levin et al., 2001)

» Coastal wetlands provide essential ecosystem services, including

- Fisheries resources,

- Water quality improvement,

- Shoreline protection,

- Habitat and food for migratory and resident animals, and

- Aesthetic appeal and recreational opportunities for human populations.

« Extreme fluctuations often occur in salinity, temperature, water level, and
dissolved oxygen within any single locale, restricting the number of species in
these environments.

« Consequently, essential ecosystem functions performed by species in CTZs are
associated with a relatively low biodiversity.
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A Exposed Sandy Shore

Steep

Sand Flat with Ridges i Beach Slope

Salt Marsh
: (Terrestricl

Halophytes)

Outer Low Inner Seuqross i High @
: Sand Flat : Mm Flat' Sand r-Iat Bed :MudFlat:

A A M z

Sheltered Shore with Extensive Salt Marsh

Low Marsh High Marsh

Sand and / or Mud Flals {Terrestrial Halophytes)

Sheliered Tropical Shore

: Bare :
: Back!lat :

B — Y CULY LN
- -y ’ |
- _ —~

Mangroves
on Mud

Bare

Muddy Sand

Fig. 2.2 A-D. Zonation of habitats on four types of sedimentary shores between low and
high tide line
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A Microflora and -fauna

B Micro- and Meiofauna

Diatoms
(mobile and
attached)

Cyanobacteria
(clusters and E

chains)

Tardigrada
Ve

Annelida

Y Minero-
: ~organic
flocculations

|
colonial
ubacteria

Gastrotricha
Nematy";3

Cmatf £2),
= Gnathostomulida

Ostracoda

Acari

Plathel-
minthes

C Macrofauna

Gastropoda

Bivalvia

Polychaeta

A A TR S NPT

Polychaeta, Echiurida,
Enteropneusta, Sipunculida,

Holothurioidea

D Megafauna

Fig. 2.3 A-D. Representative organisms of tidal flats at the scale of a sand grain (A), the
interstices of sand (B), the sediment (C), and the entire shore (D)

Figure 1.2: Compilation of different members of the benthic commmmity A) bacteria. B)
microphytobenthic diatoms, C) flagellates, D) ciliates. E) hard-shelled foraminifera. F) soft-bodied
foraminifera. G) nematode. H) copepod. I) Polydora cormuta (polychaete). J) Hydrobia ulvae
(gastropods). K) Arenicola marine (polychaete). L) Cerastoderma edule (bivalve), M) Corophium
volutator (crustacean).




1) High Biological Productivity
2) Birds and other Wildlife
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Function and value of wetland

Physical and chemical Structure —
environment Biological
Ecosystem environment
Function
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Habitats Water purification Heathy Fisheries

Recreation



(Healthy Fisheries)
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(1)Global -
(2)European Union -
(3)national -
(4)sub-national level -



Conventions I

Ramsar Convention
(= Wetlands Convention, 1971)

World Heritage Convention (1972 in Paris)

CITES (= Washington Convention in 1973)

Bern Convention (1979)
Bonn Convention (1979)

Convention on Biological Diversity
(CBD, 1992)

United Nations Framework Convention on
Climate Change (UNFCC 1992)

Kyoto Protocol (1997)

Nagoya Protocol (2010)

on Wetlands of International Importance especially as Waterfowl
Habitat

on the protection of the world Cultural and Natural Heritage

the regulation of wildlife trade in endangered species of wild flora and
fauna

for the protection of wild plant and animal species and their natural
habitats of European importance

on the conservation of migratory species of wild animals

adopted at the Earth Summit in Rio de Janeiro, Brazil in June 1992 on
the conservation and sustainable use of biological diversity

adopted at the Earth Summit in Rio de Janeiro, Brazil in 1992

3th meeting of the Conference of the Parties (COP 3) to the UN
Framework Convention on Climate Change (UNFCC)

10t meeting of the Conference of the Parties (COP 10) to the
Convention on Biological Diversity (CBD)
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Pressures on the marine environment

Coastal development

Fisheries

Dredging :
Spoil disposal .
Shipping *
Litter (Marine debris) .
Aquaculture .
Recreation ‘

Reclamation

Coastal defense
Diking
Cables/pipelines
Wind farms
Oil/gas

Shoreline modification

Invasive species



Biodiversity changes due to Anthropogenic
Effects!
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1. Fisheries Operations (& £!)
2. Chemical Pollution and Eutrophication (2 &)
3. Alteration of Physical Habitat (M 4! X 1} 1)

4. Invasions of Exotic Species (2|21 S 2| & &
5. Global Climate Change (Xl 7 J|Z2| H3})

Tools for Protecting Marine Biodiversity

1. Marine Protected Areas (ol 22 = + H)
e 1’35‘ ’ 2. Bioregional Management (A 2 X| & & 2+2))
| 3. International Agreements (2 &l & 2¥)

Make Use of Current Knowledge in Managing Biodiversity and Ecosystems of the US

“These are our national treasures. When we maintain our national parks, nourish our wildlife refuges, protect our water, and
preserve places like the Everglades, we are standing up for our values and our future, and that is something all Americans

can be proud of. God created these places but it is up to us to care for them. Now we are and we’re doing it the right way, by
working together.”

William J. Clinton, 12 October 1996
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Invasions of Exotic Species (2/2H S 2l & &)
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Manila Clam Habitat

* |Intertidal and coastal environments
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Manila Clam Life Cycle

Sand Supply

Impact of Multiple Stressors:
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Spatial configuration on an
ecological network

ﬁi Core area
‘i‘? )
Landscape corridor ’

Sustainable

il g use area
. 9
) &

g - Stop-over sites
@
* * 90
Linear corridor ve Y
r ‘ b

Yellow Sea, the flyway hub

Russian
Federation
Mongolia
Q aghin Pacific Ocean
2 ¥

China % YellgwSea

Australia

New Zealand
Source: Van de Kam, J., "

Invizible connections, 2008,

Figure 20: The East Asian-Australasian flyway for migratory birds.

Ecological Networks

O{ZA| CeIst XHEIS0| M2 HAE|O] YETP

Connected Planet
through Ecological Networks

The loss of a single critical migration corridor or
passage point may jeopardize the entire
migrating population !

« Migration : Shorebirds and Migratory Fishes

 Laval Connectivity Manila Clam Life Cycle
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D Urban Area

D Parks

. Unpopulated Island

[] Tidal flat
Subtidal Area
= = Main Shipping Channel

Hypothetical Tidal Flat
Zoning Strategy

Key:

| No Access Conservation Zone,

I1 No Take Zone,

11 Conditional Use Zone,

IV Conditional Development Zone

Hong and Miller,
submitted in ‘Ecology
and Society’
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1) d=utt &30 7|Ust= I

@ MAM=o #& #20| 0|X|= E2F (Posey 1986a, 1986b; Posey et al.
1991; Wynberg and Branch 1994; Simenstad and Fresh 1995)

@ E|dZo| E|Mot YA SHA 5 HEX|2tst0f O|X|= HZF (Suchanek
et 1986; Ziebis et al. 1996a, 1996b; DeWitt et al. 2004; D'Andrea and DeWitt
2009)

R U=z HMHoZ Qlst =Eot 0| MAIK S| M= (Kim 2000; Itoh and Nishida
2002; 4171 2003; Itani 2003; Marin 2010; Marin et al. 2011; Hong et al. 2012)




Table 1. Symbiotic animalk associated with Upegabia shrimps in the East and West Pacfic |lani 20404)

East Pacdfic Yest Pacific
Burmw associates
seale worm Folyomdac Hesperanoe Hespermnoe
clam My idae Cryproma Cryproma
copepod Clasidndae Hemicyclops Hemicyclops
5 hrimp Alpheidas Baraens, Lepralphans Afnanas, Stenaipieaps
crab Frmmotheridae Selempiax, Finn b Prendopinnica
Lrapsidae - Acmaeopienra
Ectnsymbiont
clam Caleommatidac Prendopything Feregrinamaor
150p0d Bopyridae 2 penera more than 5 genem
crab Lrapsidae - Acmaeopienra
{attachment site )
ol chamber Progehiophil iz more than 4 genem
SteTnIm - Feregrinamaor
ahdomen Prendopything Acmasaplenra

pleopod Fhlodurus Fhodlodurus




(2) =2 =275

o O|=29| EAl EfEHQ S} HZHHO| =AI22 (1 pugez‘z‘ens/s):

- O{HAXO|H 7| 2X o= 4 %%%352 = g5

- Z|2 2E2|d F= New Port X[ 2| Yaquina OFr“%“' HEHO| A O] Z2| VXA A=E:
O|=0| M&l5t= X|Fe| 45+ MR E otF0 ot O|dE Oujdt= A=
LIEtEH(Griffen et al. 2004).

« X|=H&E(U pus///a)

- 0|9 M*' XY &&52| 14Hl/dayE O 1totCh= =Xtk H|=
(Dworschak 1981).

= FIAY %0 o ofnp

=2
ME Fi1 HH 50| & I H|: 92,662,500 individuals

[ — =

ol

- otOfe| 7} 1A ZHS ofatst= o 2 &
* irrigation rate = 143.35ml/hr (dry weight 1.83g 7| &)
(Koike and Mukai, 1983)

« 92,662,500 ind x 143.35 ml/60 min = A|Ztct ok 132,831 ton
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Life cycle of the mud shrimp population

in Seonjae-do

Planktonic
< % < @ Zoea I
Zoea III Zoea II
Settlement le:;o(qlzligﬂa;t;ge Hatching
(April~May)

/. /. \

post settled larvi  p1oia_female discriminable 1 Year old, juvenile 2 year old, juvenile 3 year old matured adult, 3 ~ 5 year old,
May ~ Jun (CL 12mm) (CL 19mm) Ovigerous females (Nov~Apr)
(CL 10mm 1)
(CL 2mm) (CL 25mm 1)

N

Benthic
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Zoeal
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( Life cycle of Upogebia major

¥Ovigerous female (Nov. to June)

Zoea Il m Zoea III

Zoeal stages (Jan. to June) - =

Planktonic larval stage for 14~16 days




Majacky

Official Mascot of
Arao City,

Kumamoto
Prefecture
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