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ALTERNATIVE APPROACHES TO MANGROVE
RESTORATION/REHABILITATION
Ecological Mangrove R/R (EMR) versus Planting Only (Brown and
Lewis 2006, Brown et al. 2014, Lewis 2000, 2005, 2009, Lewis and
Brown 2014)

. Understand Autecology and
Community Ecology §

. Understand Normal
Hydrology of Mangroves
. Assess Modifications to

Hydrology or Added .
Stress?

. Select the Restoration Site

. Restore or Create Normal 1. Build a Nursery., Grow
Hydrology, or Remove or Mangrove Seedlings and

Reduce Stress ] Plant Mangroves
(GARDENING)

. Plant Mangroves Only As
Needed

SUCCESS ! FAILURE**#!!*
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13.7 million ha of mangroves worldwide (2000)

Approximately a 50% loss from historic coverage (37
million ha)(WRI 1996)

Continued ~1% loss per year (150,000 ha/yr)

1,372,800 ha of active shrimp aquaculture ponds
(1996) = 7.6% of the historic loss if all are 1n former

mangroves
Abandoned (disused) ponds = ?

Lewis best estimate = 400,000 — 600,000 ha
in 2016







1. NATURAL CONDITIONS




SHORELINE

2. POND CONSTRUCTICHN




FRESHWATER

3. POND QPERATICHN




FRESHWATER

4. POND ABANDOQNED




RESTABLISH FRESHWATER FLOWS
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3. OPTION #1: FULL RESTORATION



RESTABLISH FRESHWATER FLOWS
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3. OPTION #1: FULL RESTORATION
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B, OPTION#1: FULLY RESTORED




FRESHWATER

7. OPTION #2: REHABILITATION INCLUDING AGUASILVACULTURE




FRESHWATER

8. OPTION #3: PARTIAL RESTORATION WITHOUT
HYDROLOGIC CONSIDERATIONS




“Strategic Breaching” RESTABLISH FRESHWATER FLOWS

9. OPTION #4: PARTIAL RESTORATION WITH
HYDROLOGIC CONSIDERATION




“Strategic Breaching” RESTABLISH FRESHWATER FLOWS

USD$100-1000/ha

9. OPTION #4: PARTIAL RESTORATION WITH
HYDROLOGIC CONSIDERATION










VERY IMPORTANT: Breaches are NOT placed randomly. They are
STRATEGICALLY placed, and while larger rather than smaller, MORE
are not BETTER. Why is that important?




oo,

1

‘ ayai. " Kofi Tume Bataan Pen\
lorth Andamand] 2 ,E:Chha:hocnt_isao bt P]ay Kuo Cavita” \Catanduanes ino Stroit g | ;4 ‘
Wi S et i | |
H.S'l 7 A
v Mo, | Sy < L [PPINES "
th Andaman F‘Par-‘c Blair Busuangag Aﬂ;g\agﬂ |
= = / d Q\ Calamian Group&tu{m, === Catumcqan
1 Andaman | Gulfor L "J\ome) Sofn ¢HO CHI P\P;"-‘i.‘p\lRah K\v an PA A SAMAR i i
T - W 6 Thailand o {Lcmg Xuyen HCITY o “ﬁ /Z ayhay |
adpcttdamnelsssan mus of Kra—- Ch G’&s *Capt Th —— Gatwi m el s i~ Bacot UiithiAtoll.|
BiCar Nicobar L 2 L v Ko Samuf C b 2 0 b -~ Cagayan /s, NEG o i Ve 0 ey
Takla'Pal E utat Thani a Ma (I | (=3 (_)Q o Y imrlan Dumagu ‘:-BG““' | ap Islands, imF
s 4 h =y * = ©Con Son Is. | 0 e X | e i
4R ISLANDS <0 & !‘\lakhon Si Thammarat | | Spratly Island vgzr [nc Sulu Seq DIPOIOﬂ:\m{' agay'ﬁ]- Sele f : Ngulu Atollz |S
gf”“ Nicobara, T “Ambayna Ca Ba!ubru Ser. ‘ | 3 MINDANAO PALAW Gicoror
eat Nicobia'o ; bj_\f'a. Ambayna Cay 3 .C Zamboang : ‘7 ayao e ior
ST Alor Sail agapr‘lbuiémf M (" Digose’ fMati | -
S nile Sutter,, ry, *jf:m dakasy. .fol!L, eneral Santos \0 ST LR
Banda Acehe X o 8 | .
'\ == g.f':f’rge Town ¢, eKuala Terengganu Wf" “Sulu Sarangani "5‘“ = Cregn I‘ @8onsorol [s. G
% "\ l' ol 7 > Archipelago | }; S 4
£ 2190 (. Pulo Anna
Mt.ulaooh“\ 34667 k. <) : }‘1( “MALAYS!A Bing 53n;f,€ Talaud! pBEo 1‘ Sy
edane: <% %1 %N | ®Kuantan i il o ST o
Pematal\'g mnta,— o/‘}??ﬂ Kaala Lumpu:;}u-n,- ff‘:!'arakan & % ) 3
o e \ 1 ek Tobi=_tHelen
Simeulug~ty, . f.., Seremhﬁ.n \.o}""“‘ Ti‘lgungsulor e
Q o ]
Slbo!g \ Johor Baharu s / !
../ \ T NG 2
Nfﬁ?\\ " p Qg/\t\ 3 :ﬂ I Hmf?nPORE amd [ ( K_A’t R i TA o é:‘:/uHaIma‘wera «Kep. Asia Elieo Mapia |
Natal ‘ Peka% Jﬂ”b AT -‘Smtang : A / Kﬁ,“p.lr“\yu .
Bt‘.t_k,i;tingl | i AT & \j‘"h Kep. Lingga 'QPnntlanak T 3 i'?;tio's‘oeq_ 31‘c,\,mal \s“
'-Pa\dan Lg\ 2278" a < £ Sorong o
Siberut\ N LA L ) o . :
8 (K y, {:t é \Bﬁngka - qlKetapahg (e | A : : & ‘?‘Sar\n:
Kepulauan L\q'\“?ngka.l mang N ) R A e bd.;\ «o\‘}' \ Jayaplira)
Mentawat A Palembang ~loe @ A;Beffrung SR PeBula L—Fakfak T\ '
o

Engganes,

ang Ine
:ln i arkg /(;

& Ceram

()cacos ( Keeling) Islands

"\
5

I'N D N

K T o L |
‘»../’ "'Ambon PR c Kal'“l.f_ a‘man 5°g+ £ -i\
- K | ~_sKok
R GREATER SUNDA B a 4 g @ Banda ol ] " oimu 6
e e e s ; Kep: Ko 48 cide™ T
QJ«, i {a\'\‘ﬁ q S e a (P ;’i'[‘ﬁ’,«:_ Dan,ﬁ) g by
Bandar Lamp\.l'{‘ b e JA‘(ART A \'?3‘9 / L ; -\W:'KL_D. Aru epie ‘\..
gel a_\"a Madura @ S8 Ty 3
e e
p Y mdena Kepulauan "*T
fog C T1mmb.§r Dolak ,‘}q
=; €ss Tanjung Vals —ﬂ/'hj‘ r’afuwk}{
|
A r -é_ fs Sea
- Cobour_g Peninsula
i o L v Me!wflefsfand FWessel
Chnstmas } A ‘f-fi.&l NDSORIE T 7L O T \ \\NV\ 2] fs!afisgs
- azsh VJ SIS e . q, Van. D!IPUIE Gulf g, —‘“'j Nh“'““hi}f g
Ashmore and Cartieflss %% % 3, DarwiR® ~  edabiru &) *pCape Amhem =Ly
. C«?,ae ];?/ iz,;%q A 1\’\ NHEM i, I
zlri'm?.rqj G, e |ne Qreek 1L AND 55 Gulfof *
g !“‘{fd‘l-bbrf\" g (ot Keats g Alyanéla_,;,gmme Eylandt
o PMILE { AHathering Carpentarial.
~ | e N Edwar‘d 3
&.." Coltigs 75 andham- aBirdum ey
C E A N Hig ey, o @1 7 BDFFD‘DD'&?‘/L-.:\\_. i
CﬁP‘-‘ Levequep@Nes | * Daly Waters: ek
- + ! 4 \ = Is..
A~ Bampler'{an \j Mount Ord sNewecastle Waters el

A



N‘IA N )

ﬁ__%__r

L Eamarrnﬂ
Eahkp apane

“{/w

I.S L

F‘:anﬂa;:a:;k |
JundgTPda |

aring

Nt

- Telid Tﬂmml e
\f:"

(g

uton
Kep,

o (X
----- % Efﬂﬂg%{-ﬂpﬂfﬂﬂgﬁ]&%
AGK

S uf&









prrcete REHeE

ek




R
o
ko]
i
b
i
i

?P‘ P‘PWE}? '

5
8 9% 10

oy,
e

PO —

Ry

O
e IR L

PIIIRTIN

TN

KECLEERt (EELELEMEEEEEEIN

%

G|

Mangrove Shrimp pond partitions (1-10)

Coral Reef Sea water

Fresh water Tidal channel

000U

Open area (1 & 2) Scaled-pool

Sampling point )
— @ for sedimen — P5 Profile1-5




Local Community Breaching Dike Walls of Abandoned Shrimp
Aquaculture Pond, North Sulawesi, Indonesia
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Restored Abandoned Shrimp Aquaculture Pond, Tiwoho, North Sulawesi,
Indonesia, 2005, One Year After Restoration,




Restored Abandoned Shrimp Aquaculture Pond, Tiwoho, North Sulawesi,
Indonesia, 2010, Six Years After Restoration,




TANAKEKE ISLAND, SOUTH SULEWASI

Cata S10; NOAA, LIS Navy, NGA GEBCT
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Image @ 2010 DigitalGlobe
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Community Based Ecological Mangrove R/R (CBEMR)
Tanakeke Island, Sulawesi, Indonesia (Brown et al 20
download # 85) fripe










Gorontalo — 7,000 ha of Pond
Restoration Planned
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FRUIT FARM CREEK, COLLIER COUNTY, FLORIDA { s

b & "-;.' £ :-\_'l

"=




May 28, 2012

e il




2011

January 21,

te —

Rookery Bay Fruit Farm Creek Proposed Restoration S
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Rookery Bay Fruit Farm Creek Proposed Restoration Site — January 21, 2011
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This is the result of




Total Project Area (Phases 1 And 2) = 64

% acres of dead mangroves and 161 acres
of stressed mangroves = 225 acres
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HOBO Water Level Logger
(1" X 6 H)




TIDE (FT NAVD 88) vs TIME {(HOURS)
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Phase 1B (SG4) - 1 x 48" Culverts (proposed)
Phase 1B (SG4) - 1 x 60" Culvert (existing)

Phase 2 (8G2) - 3 X 48" Culverts (proposed)
Simulation Marco IB
4 Phase 1B
Phase 2
SG2
SG4

Stage(ft)

70

Time(hrs)

Interconnected Channel and Pond Routing Model (ICPR) ©2002 Streamline Technologies, Inc.
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Construction Phase 1A September 1, 2012




September 2,2012

September 16, 2015
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Twin Cays, Belize
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Pleistocene limestone U.5. Geological Survey  science fora changing world




ACUTE DISTURBANCE AND NATURAL RECOVERY
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Rehabilitation

CHRONIC PARTIAL DISTURBANCE, RESTORATION, AND RECOVERY
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Lewis et al. 2016 Mar. Poll. Bull. Download #100

Figure 2. Alternative disturbance and recovery processes in mangrove forests. Preemptive
rehabilitation at Scenario 5 can prevent complete deforestation and collapse of
organic soils (dashed red line) in the face of rising sea level.




ACUTE DISTURBANCE AND NATURAL RECOVERY
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Figure 2. Alternative disturbance and recovery processes in mangrove forests. Preemptive
rehabilitation at Scenario 5 can prevent complete deforestation and collapse of
organic soils (dashed red line) in the face of rising sea level.
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Figure 7. Carbon sequestration rates for seven different mangrove sites in four different hydrogeological
settings for the hydrologically disturbed Hamilton Avenue Creek (HA) and reference Susan’s Creek
(SC). Bars depict mean (+ standard error) carbon sequestration values (n = 3). Similar letters indicate
no statistical differences, alpha equals 0.05. From Marchio et al. 2016 download # 504



i) -
i Bl s

Today We Ann

sL__
h

a Mangrove Fores
Registry to Prowde
Reports and Documentatlon on Prey
Attempts to Restore Mangroves




