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1) This report documents findings from the program of works for 20023 directed by
Dr Norm Duke with the MESCAMAanuatu Technical Working Groumvolving their
training, support and consultation, prescription of methodology and approach, as well
as the compilation and assessment of data received.

2) This report detailsdata generated from recent 2018horeline video assessment
MangroveWatch surveys undertaken by MES®Ahuatu Technical Working Group
and associates. The data in this report has been analysed and compiled by the
MangroveWatch science hub at the Australian Centre for Tropical Freshwater
Research (TWNVATER), James Cook Univer3iownsville Australia

3) The information in this report idesigned to serve as a baseline for future mangrove
monitoring along targeted coastlines, enabling futdineging mangrovehealth to be
monitored effectively and providing a means to compare mangroves along the target
shoreline with nearby aressin Vanuati andelsewhere irthe Pacific

4) The information presented here is designed to assist natural resource managers to
identify and target specific issues that threaten mangrove€iab Bay and Eratap,
Vanuatu

5) A key outcome of these initial MangroveWatstrveys is a lonterm visual baseline
of mangrove extent, structure and condition alohg km of CratBay and Eratap Bay
shorelinesthat will provide an accurate means of assessing future change in years to
come.

6) The results of this survey demonstratieet effectiveness of engaging local staff and
community members to assess mangrove shoreline habitats using the
MangroveWatch shoreline video assessment method (SVAM) with assistance from
external experts to identify local threats and monitor habitat coiudit

7) The results of this survey show the fringing mangroves of Crab Bay, Malekula to be in
relatively good condition, with high ecosystem service value. Comparatively, fringing
mangroves of Eratap Lagoon, Efate, are damaged by coastal development and are
poorer condition, with ecosystem service values compromised by cutting and clearing
of some mangrove areas and habitat fragmentation. The very high condition and
natural recovery documented in Crab Bay indicate these mangroves have high climate
change daptation and resilience capacity. Mangroves of Eratap exhibit very low rates
of natural recovery from disturbances, making them particularly susceptible to
climate change impacts.

8) Information regarding the extent to which fragmentation and disturbancériafjing
mangroves can occur without greatly reducing habitat function and integrity is
required for sustainable managemenBroad scale assessments of mangrove
shorelines combined with lonagerm monitoring will provide this informatianThe
MESCAL projeprovides a first step towards achieving this goal
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In September 201MESCAL Vanuaitechnical Working Grouand associates undertook a survey of
fringing mangrove habitats in Crab Band Eratap MESCAL demonstration stausing the
MangroveWatch Shoreline Video Assessment Method (SVAM). Tpust r@etails the results of
thesesurveys, with assessment provided by the MangroveWatch hub at JCU.

This report adds to previous progress reports summarising new findings and observations about
biodiversity, structure and condition of mangrove ecosystems in the five MESCAL countries, Fiji,
Samoa, Tonga, Vanuatu and Solomon Islands. This data withielois specificallyfocuses on the
structure and condition of fringing mangroves in the surveyed area and details natural and
anthropogenic threats that affect mangrove function and resilience.

This component of the MESCAL projedusses on the last ([9f four 4 key activitiesindertakenin

each of the five countrieg mapping and verification (A), floristics and biodiversity (B), biomass and
carbon evaluation (C), and shoreline health monitoring (D). This combination of activities makes up
the CoastaHealth Archive and Monitoring Program for the regiordertaken as part of the MESCAL
project

This shoreline assessment work has only been possible after receipt of sufficient information
collected by participants, with significant primary data recdivg to April 2013. These data have

now been carefully assessed and processed with considerable effort made in checking data quality
and its veracity, as far as practical.

2.1 What is MangroveWatch?

MangroveWatchis a communityscience partnership and monitoring program aimed at
addressing the urgent need to protect mangroves and shoreline habitat worldwide.

The MangroveWatch program began in 2008 in the Burhtgty regionof Australiawith support
from Caringor Our Countryan Australian Government Initiative.

MangroveWatch is now currently operating in Australia and 5 Pacific Island Nations; Fiji, Samoa,
Solomon Islands, Tonga and Vanuatu.

In Australia, MangroveWatch monitoring is occurring in therres Strait, Daintree River,
estuaries in the Port Curtand Coral Coast regioihe Burnett, Elliottand Burrumrivers, Tin Can

Bay, Noosa River, Pumicestone Passage, Brisbane River and Moreton Bay. There are currently
over 300 registered MangroveWatch votaars from 20 different corporate, negovernment

and government organizations.

The MangroveWatch scientific hub is based at the Centre for Tropical Water & Aquatic Ecosystem
Research (TropWATER), James Cook University, Townsville.
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2.2 MangroveWatch Mision Statement

To provide coastal stakeholders with a tool to assess and monitor local shoreline habitats that;
w Ad aO0OASYGATAOIfteEe @IfAR
w Sy3ar3sa FyR SYLRSSNE t20Ft LIS2L} S
w LINE Y 2 (i ScoastalesoBd@ indnggBment

w LINPZGARSA || Q@Aradat oFaStAyS FTNRY gKAOK (2

For more information on MangroveWatch visitww.mangrovewatch.org.au

Figure2.1 Vanuatu MESCAL MangroveWatching in Crab Bay, Malekula
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2.3 Why monitor shoreline mangroveg the importance ofMangroveéNatch

Mangroves provide important goods and services to coastal environments that support and protect
local economies, and socialjltural and heritage values of coastal communities.

Thesevaluess NE O2YY2yfteé NBFSNNBR (2 Fa wSO2aeadsSy &asSnN.
services tdPacific Island communities

1 Providing fish labitat & supporting nearshore fisherieéMansonet al. 2005, Meynecke et al.
2008)

1 Shoreline protection(Alongi 2008, McLeod et al. 2008, Mclvor et al. 2012a, Mclvor et al. 2012b)

Providing timber and nortimber forest resources(Prescott 1989, Rohorua and Lim 2006,

Walters et al. 2008, WarreRhodes etl. 2011)

Water quality improvement(Alongi 2002, Adame et al. 2010)

Visual& recreational amenity(Salem and Mercer 2012)

Carbon Storag¢Donato et al. 2011)

Supporting local biodiversityTraill et al. 2011, Wilson et al. 2011)

=

=A =4 =8 =9

For further information on mangrove ecosystem services refddddier et al. (2011and Warren
Rhodes et al. (2031

Despite their importance, mangroves continue to be directly destroyed andadegdr by poor
OFGiOKYSyid IyR O2Fradlt T2yS YIylFI3aSySyidio Df 206l ff&:
the past 30 year¢Duke et al. 2007, Polidoro et al. 201®angroves are increasingly threatenid

the Pacific by anthropogenic pressures suclower exploitation of resources, coastivelopment,

pollutants and altered hydrology in the coastal zqiglison 2009)These factors may not reduce

mangrove extent, but they do influence habitat quality, reducing the capacity of mangroves to
provide eosystem serviceilman et al. 2006, Alongi 2008)

Mangrove habitat degradation greatly reduces the capacity of mangroves to respond to the impact
of future climate changdGilman et al. 2008)The location of mangroves at the shoreline edge
places themin the direct line of climate change impacts; sea level rise, more severe and frequent
storms and more frequent drought and flood#&longi 2008, Hoeguldberg and Bruno 2010,
Knutson et al. 2010jLovelock and Ellison 200Meduced habitat condition, deiced biodiversity

and habitat complexity and altered ecosystem processes reduce the capacity of mangroves to
withstand climate impacts and their capacity of mangroves to buffer these impacts and protect
adjacent coastal aregd/IcLeod and Salm 2008)hileit is not possible to prevent climate change at

the local scale, it is possible to reduce direct human related impacts that are likely to reduce capacity
of mangroves to resist and recover from climate change impacts. The capacity of mangroves to
respondto climate change impacts depends directly on improving local mangrove management
(Gilman et al. 2008)

To effectively managanthropogenic impacts on mangrovesis important to identify thelocation

of impactsand the extent towhich they threatenhigh value habitat. This can only be achieved
through systematic assessment of mangrove extent, structure and condition in relation to identified
threats, and through longerm monitoring.
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2.4 The importance of fringing mangroves

Fringing shoreline mangreg are extremely important components of mangrove ecosystems. The
shoreline edge is where the greatest interaction and tidal exchange between the marine and
mangrove habitats occurs, meaning that these fringe zones are sites of great material exchange
(Rivera-Monroy et al. 1995)aquatic habitat valu¢Meager et al. 2003, Nagelkerken et al. 20@8)d

are highly important for shoreline protection and water quality improvemérteckbusch et al.
2004) As such maintaining the condition of fringing mangragesssential to maintaining mangrove
ecosystem services and protection of inner forest areas where they are present.

2.5 The MangroveWatch approach

MangroveWatch provides data on the extent, structure and condition of shoreline habitats in
estuaries and alog protected coastlines. The generation of this information relies on the annual
collection of geetagged video imagery of shoreline habitats using the Shoreline Video Assessment
Method (SVAM) employed by trained community members and organisations.

MangroveWatch is a-8tep procesgsee Figure 2.2)

1. Community Training and Information Session by the MangroveWatch Hub.
MangroveWatch participants are provided with a MangroveWdithtrained in
data collection methods and discuss the importance of mangroves, local threats and
issues.

2. Community video monitoring
MangroveWatchers collect geagged video of local shorelines

3. Data Transfer
Video and GPS data is transferred to Mamnvgvatch science team at James Cook
University

4. Data assessment by mangrove scientists
MangroveWatch video data is analysed by scientists to determine extent, structure
and condition of shoreline habitats.

5. Data feedback to coastal stakeholders.
Data ispresented back to the community in report form.
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Mang roveWatch - your 5 step cycle

Training & support
from mangrove - :
8XPErs Select shoreline to
monitor
Step 2: Film shoreline &
Step 5: Feedback on your track position
mangroves health delivered
back to you Repeat Annually

Data collection
by you

Step 3: Send video and GPS

Data assessment track to mangrove experts
by mangrove
experts Step 4: Data assessment by

MangroveWatch Science Hub

Figure2.2 The MangroveWatch approach

2.6 Benefitsof the MangroveWatch Approach

The Shoreline Video Assessment Method (SVAM) used for MangroveWdtah perfect tool for
citizen science. The advantages of SVAM are that it is;

Easy to do- only limited technological skills are required to operate a video camera, handheld GPS
and digital still camera

Scientifically valid- No objective decision nking is required by community participants as all
imagery is assessed remotely by mangrove experts.. Video data enables data quality control. The
GPS track ensures repeatability. Video image assessment is backed up by groundtruthing and
accuracy assessment

Rapid ¢ Video imagery can be collected quickly allowing large areas to be assessed with minimal
time commitment from MangroveWatch community participants. On averagekrmOof shoreline
only requires 1 hour of filming.

A permanent visual record, video imagery data provides a permanent visual record from which to
assess future change and overcomes shifting baseline of environmental perception. Our intention in
the near future is to make all video image data available via the MangroveWatchtevebsi

Pager
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A whole of system assessmentA continuous collection of getagged shoreline images allows for

the quantification of data across entire estuaries, rather than from a collection of random points
along the bank or within the forest. This allows shore habitat features and process to be seen
within the context of the whole system that better informs estuary and coastal management.
Partnering scientists with local people greatly improves our understanding of shoreline habitats and
is one of the majoadvantages of the MangroveWatch approach.

Working with local people enables;

Local knowledge input;, Local people provide locally relevant information that enhances scientific
assessment and provides local context to shoreline habitat assessment. dlmsivations of
change, historical information and knowledge of local values are highly valuable insights.

Large spatial coverage there are very few mangrove scientists and many keen local mangrove
enthusiasts. Working with local people means that mor®rmation can be gathered from more
places to improve our understanding of shoreline habitats.

Community education, empowermenand environmental stewardship When local communities

are informed they are empowered. By working with scientists, localpfge can gain more
information on the value of their local mangroves and the issues that affect them, empowering them
to take action at the local scale.

3 w9t hwe¢ Chwa! ¢

There are two MESCAL demonstration sites in Vanuatu; Crab Bay, Makekula, and Eatsapugf

to the geographic isolation of these sites and differences in ecosystem condition and pressures upon
mangrove forests, the results of the shoreline assessments are presented separately in the report
(Chapters 5 & 6). The methods, however, applgdth sites (Chapter 4).

4 a9¢l hs5{

4.1  Shoreline Video Assessment Method (SVAM)

Mangroves have the distinction of forming a unique marine habitat that is both forest and wetland.
As such, they form an important component of a number of internatieoalventions that recognize
their unigueness and immense value to both coastal and marine communities, and mankind in
general (edDuke et al. 2007) It is essential that the assessment of such a valuable resource be
conducted in a rigorous and practicalay.

The MangroveWatch SVAM approach enables a wbbfystem assessment of shoreline mangrove
forest structure and condition using georeferenced continuous digital video recording of shoreline.
Video imagery is collected using a Sony Handyftam a shallowdraft boat travelling parallel to the
shoreline at a distance of ~2B, at a speed between 4 and 6 kts. The video camera is positioned to
record directly perpendicular to the direction of travel at all times. Shoreline video imagery is
collected with a concurrent timaynchronised Zecond interval GPS track to provide spatial
reference to the imagery. Voice recording of observations on mangrove species composition,
structure, condition and threats are made during recording with local oladenmvs and context
provided by a local MangroveWatchers.
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4.2 Shoreline Video Assessment Method (SVAM) survey locagion

4.2.1 Demonstration site one: Crab Bay, Malekula

The MESCAYanuatuTechnical Working Grougurveyedfringing mangrove habitat along Crab Bay
shoreline, Malekula(Figure4.1). Crab Bay is one of two MESCAL demonstration areas in Vanuatu.
The site has previously been used as a demonstration farethe International Waters program,
directed by the Secretariat for the Pacific Region Environment Programme (SPR&B)bu areas,
where fishing is restricted, are in place on the Eastern and Western headlands of the bay. Local
communities initiatedthe tabu to protect fish resources. The central bay remains open to
harvesting. The Crab Bay mangrove area is considgrddcal communitieso be important for
maintaining fisheriefSPREP 2003ylangrove products are a source of economic income to some
local communities, as well as being used as fire wood and for house and fencéJRIREEP 2005)

PENAMA

) <llometers

O3 M
167°30°30"E 167°31'0"E 167°31'30°E 167°32'0"E 167°32'30"E

__

Figure4.1 Location of MESCAL demonstration site at Crab Bay, Malekula.

MELAMPA
MELAMPA

Pageo



MESCAL Shoreline Video Assessment Surveys, VanhapWATEReportno. 13/50 2013

4.2.2 Demonstration site two: EratapkEfate

The second Vanuatu MESCAL demonstration site is located at Eratap, in south eastetfidtfege (

4.2). Due to its close proximity to Port Vila, Eratap is ectbjo coastal development pressure from

the tourism industry. A number of small islands provide some protection to the southern and central
shoreline. An enclosed lagoon is located to the north of the site. The area has no history of
environmental projectactivities, so limited baseline environmental data is available. The site is
known to support a range of marine species including seagrass, turtles and dugong, as well as a
number of commercially targeted fish species.

“202m | 7

342m

Efate

& PortVila
f i@auelﬂekl Airport

{
- Port vila”

168°20'30"E 168°21'0"E 168°21'30"E

\\\\\\\\\

Figure4.2 Location of MESCAL demonstration site at Eratap, Efate

4.3 Video imagery assessment

Shoreline mangrove forest features are recorded from the video using visual chteé
classification. The video is first divided int@sécond jpeg frame images. The video time stamp and
GPS track enable each frame to be related to a position along the shoreliri® ). Using ArcGIS

10.0, the shoreline is divided into 10 sections and each section related to a video frame such that
the imagery seen between 2 frame locations representsni®f shoreline. The 1én sections of
coastline are then classified according to a set of visual criteria designed by the MangroveWatch Hub
at JCUAII classification is based on the visible fringing nmawngs intersecting the centre line of the
videoframe.

A number of factors influence the ability for video imagery to be accurately assessed remotely,
and/or accurately geweferenced to a 10 m shoreline section. Where the following occutdpa
Datavaluwe is given to the shoreline section, and projectechwegpping products;

1 Where the boat is positioned far from the shoreline (more than 150 m offshore), the boat
does not follow the curvature of the coastline or is travelling at a speed greater than 10 kts
per hour, the quality of the imagery collected may not good enough tadmeirately assessed
and so is excluded from the assessment.

1 Where the boat distance becomes greater than 150 meters from the shwehoat does not
follow the curvature of the coastline, or an accurate GPS track from the Garmin GPS is not
availdble,a match between GPS track and adjacent shoreline cannot be made. As such, no
assessment data can be related to the 10 m shoreline section, and the imagery data is
excluded from the assessment.

Pageto
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1 In instances where no Garmin GPS track has been provided;PS track is reconstructed
from data from the Sony Handycam. As this track is less accurate and not as 'smooth’ as the
Garmin track, thdikelihoodof null values occurring is increased.

4.3.1 Features assessed and assessment criteria
4.3.1.1 Mangroveforestpressnce anchiomass

Mangrove biomass describes the mass (kg/ha) of mangrove within an area. It can be used as a proxy
for mangrove carbon storage and productivity and more generally relates to the overall functional
value of a forest. Forest biomass is tethto the size of the trees and their density. For SVAM
assessment, the biomass score is a composite score of fringing mangenay height
classificationand mangrove forest structure classificatiofhe biomass score is a relative score that
allows canparison between areas and along shorelines.

Canopy height was visually estimated using height classifications basetbrest biomass
assessments in the regigbuke et al. 2013nd local knowledge recorded during the surv€lable

1). Recent resultxomparing visual height estimates to actual heights recorded using a laser
hypsometer have shown these visual estimates are accurate to witlnm (Puke & Mackenzie
2010). Canopy height of mangrove forests has recently been shown to be highly correléted w
mangrove biomasfuke et al. 2013)

Mangrove forest structure classification describes the stem derditthe forest Table 1). The
mangrove biomass score is calculated using estimated heights factored to a score out of five based
on the upper height value recordeddble1l). The factored height score represents the biomass
score at maximum stem density (5 =closmmhtinuous forest). Where forest stem density is less
than 5, the biomass score is reduced relative to the stem dgms a proportion of the maximum

(e.g. where stem density is 4, openntinuous forest, the biomass score equals height score * 0.8).

Examples of mangrove forest assessed as of biomass scores 2 to 5 are prokFidedeh 3.

Tablel Mangrove biomass assessment criteria

Mangrove 0] 1 2 3 4 5
Biomass Score
Height No Canopy Canopy Canopy Canopy Height Canopy
classification Mangrove height<2m Height 24m Height 46m 6-8m Height >8m
Forest structure Scattered Sparse Open forest.  Open Closed
classification N/A mangrove mangrove¢ Linear continuous continuous
individual individual mangrove forest. Canopy forest. Crown
trees. 1 or 2 trees>2m presence but crowns canopies
trees apart or spaces touching and  intermingling
small between overlapping.
patches. canopy
crowns
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Figure4.3 Example video stills of mangrove biomass assessment scores

4.3.1.2 Mangrove condition

The mangrove condition score describes the overall health of the fringing mangrove forest.
Mangrove conditions visually asessed usingresence of canopy dieback, dead trees and canopy
density. Canopy dieback describes the presence of visible dead stems and bnamiteesfrom 0 to

5, with 0 keing the presence of dead trees. Examples of mangrove forest conditions scores are
provided in

Figure4.4. Canopy density describes mean peragecanopy cover for fringing mangroves and the
dominant canopy layeranked from 1 to Gas outlined inTable2. Overall mangrove condition scores
were generated by the following equation, giving a total score between 0 (unhealthy) and 5
(healthy);

Mangrove condition score = (dieback score * 2 + canopy score) / 3
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Table2 Mangrove condition assessment criteria

Mangrove 0 1 2 3 4 5
Condition
Dieback Dead Severe Dieback. Moderate Low level Very low level No Dieback
classification tree(s) Many dead Dieback; Many Dieback- Dieback; a present
present  branches. dead twigs, Many dead few sticks and
Obvious crown canopy retreat, twigs present. twigs visible.
retreat. Bare dead branches ~25% of ~5% of tree
twigs on less than present. tree affected affected
50% of the tree ~50% of tree
and ~75% of the affected.
tree affected
Canopy cover Very low leaf Low leaf cover. Moderate leaf Dense leaf Full lush leaf
classification  N/A cover. Majority of Visible branches cover. Visible cover. Visible cover,
branches bare or with 10-30% branches with branches with Visible
near twigs, <10% estimated 30-60% estimated 60  branches
estimated leaf cover. estimated 90% with >90%
cover. cover. estimated edimated
cover. cover.
p ( n
O ! H (
M ¢
€

Figure4.4 Example video stills of mangrove condition assessment scores

Page13






























































































