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Abstract

The Matang Mangrove Forest Reserve is widely reiseginas a sustainably managed mangrove
forest. However, recently evidence of multiple gstsm services decline has emerged. The primary
objective of this study was to apply remote seng#aniques to assess the impact of the silviaaltur
in the mangrove forest reserve on the provisioecoystem services. It applied an object-based
approach to classify multi-temporal Landsat imagé&he classified images enabled the study to
characterise and analyse the spatiotemporal chamgfes distribution of stand age composition and
structure over a 35 year period. Links were esthblil between the classified images and the
ecosystem services assessment based on the assuthptithe classification results provided a
reliable proxy for an indirect analysis on the temgb and spatial distribution of aboveground biognas
of the mangrove forest reserve. The relationshipvéen the potential impacts of the observed
changes derived from the classified images wittdtta obtained from the ecosystem services
assessment were analysed. The analysis showetietfatctuation in greenwood yield was affected
by varying rates of regeneration, exposure to esteeghinning and delays in harvesting. The
production of blood cockles around the mudflatthefmangrove forest reserve was determined to be
influenced by both timber extraction and naturalstal erosion. An undetected ecological change in
the late eighties and anthropogenic disturbances p@ssible key factors behind the decline in the
population of the Milky Stork and migratory shomels. The study highlights the importance of
understanding and managing the trade-offs betwesd \wroduction and ecosystem services in a
managed mangrove forest and provides an imporeéertence for the future management of the

Matang Forest Reserve and other multiple-use wefiarests.
Keywords: Ecosystems, man-induced effects, Fonelsisitry, Ecological balance, Satellite sensing
1 I ntroduction

The Matang Mangrove Forest Reserve (MMFR) is thgelst tract of contiguous mangrove forest in
Peninsular Malaysia. It has been primarily manafgedimber production for more than a century
(Chong, 2006, FAO, 2007). Apart from being recogdigs a well-managed production mangrove
forest, it is also one of the best studied mangemasystems in Southeast Asia (Alongi et al., 2004)

Over the years, through the integration of new adements in knowledge and technology, the forest



management strategy for the MMFR has slowly evglvieoin one that was strictly focused on
production, to one that incorporates wider ecolalgabjectives (Gan, 1995, Azahar and Nik Mohd.
Shah, 2003, Jusoff, 2008).

The MMFR has had a long history of sustainabledyj@oduction of wood for charcoal and poles,
maintaining a stable average extent of just ovef@ ha although this has the potential to mask
substantial change in the overall health of thesgstem (Giri et al., 2007). The implementation of
production management strategies have had a distnaccomplex influence over the provision of the
ecosystem services generated by the MMFR (Dundkat.,e2012). The production of commodities
such as timber has often resulted in some formegfatiation in the provision of one or more forest
ecosystem services (Nalle et al., 2004). The maneageobjectives of producing commodities such
as charcoal, often conflict with protecting or iroping ecosystem health. Moreover, degradation of
ecosystem services can also occur as a resultf other different causes and it is often difficialt
determine if the management strategies implementzd the cause of forest degradation (Carpenter
et al., 2009).

In this study, three key ecosystem services (teerywood yield, the production of blood cockles and
the habitat for migratory birds) were identifiedtive MMFR that have either been in a state of decli

or have exhibited states of periodical decline.ofmbination of remote sensing techniques were used
to determine the change in stand-age compositidrsancture over time. The analysis was based on
the assumption that the observed changes in stgadcamposition and structure derived from
classifying multi-temporal Landsat Thematic Mappegnes in this study provides a reliable proxy for
the spatial and temporal distribution of abovegrbbiomass at the MMFR. The analysis was used to

infer the potential causes of the deterioratioraifsystem services.

Remote sensing, object based image analysis andatidsat archive has been widely used to map
and monitor natural mangrove forests with compléand structures and abundant species
composition (Nascimento et al., 2013, Vo et al120)ia et al, 2015, Kamal et al., 2015, Son et al.

2015). This study, however, provides a unique pEhyge to the available literature as a result of
several key characteristics of a managed mangmnestt The application of silvicultural standards,

which has resulted in large pockets of even-agaddst ranging from 1 to 30 years and largely
homogenous mangrove forest stand structure, hdmdeehtine analysis to be conducted in a much less
complex environmental setting compared to prevaiugies. It also makes a significant contribution

to the literature due to the preliminary attemgtesiablishing links between the classified imaayed

the ecosystem services outcome.
2. Study area and data

2.1 Study area



The MMFR is located in the State of Perak in PararsMalaysia. Timber extraction activity is
concentrated in 73.6% of the forest and limitedo@mextraction is carried out in 7.1% of the forest
while 19.3% is totally free from any human indudedestry activity Fig. 1). The management
strategy of the MMFR is implemented based on aedr yorking plan formulated and published by
the Perak State Forestry Department (Gan, 199%hakzand Nik Mohd. Shah, 2003, Roslan and Nik
Mohd. Shah, 2014). The forest is divided into 10&partments and within each compartment lies
coupes (management units) that are further segohémite sub-coupes which essentially represent the
smallest forest management unit in the MMFR. Theagament employs a clear felling and planting
silviculture system. The forest is clear felleda®0 year rotation. Intermediate felling (thinning)
carried out twice, first between the stand age$5ofears to 19 years and second between the stand
ages of 20 years to 24 years. The management lralisural practices have resulted in large areas
of the managed forest to mainly compose of the ceraially valuableRhizophoraforest (Alongi et

al., 2004).
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Fig. 1. The location of Matang Mangrove Forest Reservé)($efd the breakdown of the management
defined forest classes (righ§ource: Adapted from (Azahar and Nik Mohd. Shah, 2003, d#anet
al., 2013)

2.2 Data

The satellite images used in this study were clived-subsets of the MMFR derived from nine
Landsat scenes: (1) Multispectral Scanner (MSShescacquired on November 26, 1978; (2)



Thematic Mapper (TM) scene, acquired on May 26,8198) TM scene, acquired on June 14, 1989;
(4) TM scene, acquired on February 7, 1995; (5)daohd Thematic Mapper Plus (ETM+) scene,
acquired on December 12, 1999; (6) ETM+ scene, isdjton March 3, 2001; (7) TM scene,

acquired on December 14, 2009; (8) Landsat 8 s@emgired November 23, 2013 and (9) Landsat 8
scene, acquired on February 11, 2014. The latterliandsat 8 images needed to be combined to

create the latest cloud-free image of the MMFR.

This study also integrated forest management pktia as an ancillary data set to provide addation
information and spatial attributes. This includesnanagement zone map adapted from the Perak
State Forestry Department working plans of 20009208zahar and Nik Mohd. Shah, 2003). These
data contain information on the compartments, cewpel sub- coupes boundaries, the stand age, the
type of activity that the coupes will undergo ahd year that activity is to be implemented. Dethile
record keeping by the Perak State Forestry Depatter@ables the estimation of stand age in the any

particular coupe to within three years of the acage (Gong and Ong, 1995).

The reference map used to validate the classifieatof this study was adapted from the base map
produced for the 2000 — 2009 working plan (Azahad Blik Mohd. Shah, 2003). The stratification
process for the map was based on the photo-intatjme of 1989 and 1998 aerial photographs with
the scale of 1:20 000 of the study area. The lhistbrecords and previous field inventory surveys

conducted contributed further in enhancing the syuof the produced map.
3. M ethods
3.1 Image pre-processing

Image pre-processing reduces environmental andteesensing distortions of the image data sets
utilised in this study. Geometric and radiometrizrections were performed to correct and produce
an image that resembles the true radiant energgeatihl characteristics of the data set at the tin
acquisition to maximise the probability of extractiuseful information from the data sets (Lu et al.
2002, Schowengerdt, 2006). The image was georefedeto the local topographic map series L 7030
that has scale of 1: 50 000 acquired from the Deyant of Survey and Mapping Malaysia (JUPEM)
with RMS less than 0.5 pixels. The raw digital nemobtained from the image dataset, which
included errors caused by changes in sensor pexfarenand interferences from atmospheric effects
(Riano et al., 2003), were converted to radiancg #wen to at sensor reflectance using an exo-
atmospheric model as prescribed by NASA (Chandet.e2009). The improved image-based dark
object subtraction (DOS) model was used to impldrtiem atmospheric correction (Chavez Jr, 1988,
Chavez, 1996). The resulting at surface reflectasad@es ranged from 0 to 1 but was rescaled to the

range of 0 and 1000 to facilitate the object- baseye analysis.

3.2 Image classification



A comprehensive assessment on the potential of sindsat archive for ecological monitoring and
management of the study area conducted by Amnadr €2015) demonstrated that the object-based
approach was more effective in stand age delinedtian both the supervised and unsupervised
pixel-based approach. The classified images prablbgehe pixel-based methods were negatively
affected by the salt and pepper effect. The olljased approach was found to be primarily effective
because of the unique forest stand structure amapgacharacteristics of the study area. Large
pockets of even-aged and homogenous mangrove Kiegst structure creates non-complex study
elements that are larger than the image resologtirof the image datasets, made it ideal for the

application of object-based approach.

Due to space limitations, a specific and detaibgolanation of the image processing involved in this
study could not be included. However, this can b&ioed from Ammar et al. (2015) and a more
general description of the application of an objeded approach can be obtained from Kamal et al.
(2015). Based on the findings of Ammar et al. (20fftree classes of stand age groupings were used:
(1) young mangrove forest, comprise stands of E8syeld and below; (2) mature mangrove forest,
comprising stands of 14 years and above; and &Jrdklled areas. The classification method was

applied using the eCognition software package.
3.3 Error and accuracy assessment

Prior to analysing and establishing links betwdenecosystem services assessment and the classified
multi-temporal Landsat images, it was crucial tswe that any inferences on the geospatial
information gathered is based on accurate andbtelimaps. Error and accuracy assessment is an
integral component of this study to ensure thatatmaysis is based on a classified map that has bee
generated with an acceptable level of accuracy d¥;08002, Thompson et al.,, 2007). The error
matrix was employed to calculate the overall aocoyraser accuracy and producer accuracy for the
designated classes. The error and accuracy ass#ssras conducted on the Landsat Thematic
Mapper (TM) image acquired in 1999 to corresponth&year the reference map was produced. The
stratified random sampling points were generatetraGIS and constrained to areas where stand age
data was available. The young mangrove forest glassassigned 50 random sample points while the
mature mangrove forest was assigned 150 randomlsgomts proportionately based on its area of

coverage of the study area.
3.4 Assessment of ecosystem services

Ecosystem services of interest in this study wstenated based on secondary data collected from the
relevant state government agencies and supportethtay obtained from published sources. Blood
cockle culture data were derived from the Perakdtigs Statistics and supported by the findings in
Ellison (2008). The secondary survey data of magsashorebirds were compiled by Li et al. (2006a,
b, 2007) and the survey results are supporteddyripent plea to investigate the decline of thekiil



Stork in the west coast of Peninsular Malaysiagddoy Ismail and Rahman (2012). The greenwood
yields were derived from the Working Plans of théIFR issued by the Perak State Forestry
Department. The fluctuating yields were noted itzeRund Chan (1985) and Gong and Ong (1995).

4. Results
4.1 Changes in the composition of the forest statidicture over time (1978 — 2014)

The results showed that the areal percentage otlda felling area in the forest ranged between
10.37% and 16.60%, the young mangrove forest aeged between 13.76% and 21.06% and the
mature mangrove forest area ranged between 64.216/8.87% Fig. 2). In all the classified
images, the clear felled areas were consistenglgthallest area between the three designated €lasse
Most importantly, the overall results indicatedl@ac trend of stability in the overall compositioh

the forest stand structure.

During the study, the two highest number of kim®peration was in the 1970-1979 and the 2010-
2019 working plan periods. Based on the numberatipgr of kilns in the 1970 — 1979 period which
peaked at 393, the stability in the compositiotthef forest stand structure seemed to be unaffésted
the number of kilns. Although it should be notedttthe effects of increasing the number of kiln by
40% to 489 kilns in the 2010-2019 working plan caty be fully evaluated once the cycle of the
management plan ends in 2019. More importantlyreéceommended maximum amount of operating
kilns at the MMFR has been determined to only b @Noakes, 1952, Haron, 1981).

The average yield per hectare of greenwood exttdotethe production of charcoal corresponding to
the year of the acquired Landsat images also d&piatsimilar scenario. The large fluctuation in
yield, ranging from 124 to 262 tonnes per hectsinewed no relation to the composition of the forest

stand structure which had remained stable throughewbserved study period.
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Fig. 2. Changes in land cover from 1978 to 2009 derivenhfetassifying multi-temporal Landsat imagery witmagement statistics.



4.2 Error and accuracy assessment

The accuracy assessment result indicated an ovacaliracy of 90% Table 1). The mature
mangrove forest class had the lowest omission amirgssion error at 7% and 6% respectively. The
young mangrove forest class had an 18% omissiar and a 21% commission error. The Kappa
coefficient of 0.74 fell within the substantial agment range of 0.61 — 0.80 according to Landis and
Koch (1977). After scrutinizing the misclassifiedogp of pixels, it was discovered that the errors
were partly caused by problems of spectral segmygaf areas that had successfully regenerated and
comprised of stand age that ranged from approxigndteee to five years old. These areas had
spectral signatures that mimicked those of a mdtor@ngrove forest. The misclassification was also

caused by a delay in harvesting or an extendedowstly period.
Tablel

The error matrix for the object-based classifieddsat 1999 imageersusthe reference map.

Reference data Producer's User's
Classified Map Cleared Forest Total Accuracy Accuracy
Cleared 139 9 148 93% 94%
Forest 11 41 52 82% 79%
Total 150 50 200

Overall Accuracy 90%
Kappa Coefficient 0.74

The initial assessment could not compute an erratrimmwhich included an evaluation of the
classified clear felled areas. The reference maelmnendicated the year that clear felling woullda
place but considering the fact that harvesting @olbhve taken place at any time during the
determined year, it would have been almost imptessdoreclassify the reference map to include the

clear felled areas that corresponded to the dateedelected images.

In order to include a quantitative method of evihgpand validating the results for the classified
clear felled areas, 50 random points were genekrstel for forested and clear felled areas in ArcGIS
on a Landsat 8 subset imagery of the MMFR. Thesgkapoints were than verified through a field
validation exercise. The sample points were coim&dato accessible areas of the forest and in cloud
free segments on the imagery. The proportionatekagnmethod was not replicated as this error and
accuracy assessment involved actual on the groafidating exercise and it would have been

difficult to conduct the verification of larger sating points especially in a mangrove forest.

Table?2



The error matrix for the object-based classifieddsat 8 2013 imageersusfield validation.

Reference data Producer's User's
Classified Map Cleared Forest Total Accuracy Accuracy
Cleared 46 4 50 96% 92%
Forest 2 48 50 92% 96%
Total 48 52 100

Overall Accuracy 94%
Kappa Coefficient 0.88

The accuracy assessment result indicated an oee@lracy of 94%T(able 2). The clear felled area
had a producer’'s accuracy of 96% and an omissimr ef 4%, which meant that 4% of the clear
felled areas were mistakenly classified as folestad a 92% user’'s accuracy and a commission error
of 8%, which meant that 8% of the forest was degtignh as clear felled areas. The Kappa coefficient
of 0.74 fell within the almost perfect agreememga of 0.81 — 1.00 based on Landis and Koch
(2977).

In summary, the findings in the assessment of dating stand age using Landsat imagery point
towards a clearly successful delineation of thragories of the forest based on the proposed age
group. Clear felled area (no trees), young mangfovest (stand age up to 13 years) and mature
mangrove forest (stand age above 13 years) weeet@lile effectively and distinctively categorised.
Due to the unavailability of additional referencal an error and accuracy assessment evaluation on

the remaining Landsat images could not be performed
4.3 Ecosystems services assessment
4.3.1 The greenwood yield

The MMFR has been susceptible to periodical deslinghe average yield of greenwood extraction
(Putz and Chan, 1986, Gong and Ong, 1995, EllisonFarnsworth, 2000, Iftekhar and Islam, 2004).
Although average yields increased in the seconfl:1999) and third (2000-2009) 10-year period of
the second rotation, yields declined in the sedd®60-1969) and third (1970-1979) 10-year period
of the first rotation. It is crucial to note thaketdeclines in those periods were preceded byaedse

in the number of charcoal production kildsble 3).
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Table3

The number of kiln and the corresponding yield raefeqpwood.

10 year
Y ear Rotation Period Kilns Yield (t/ha)
1950 — 1959 First il 418 NA
1960 — 1969 First Vi 494 - 561 158
1970 - 1979 First 3 336 - 393 136
1980 -1989 | Second 1 316 174
1990 - 1999 | Second "2 336 170
2000 — 2009 Second 93 348 182
2010 - 2019 Third i 489 NA

Source: Adapted from (Gan, 1995, Azahar and Nik Mohd. SBaB3, Roslan and Nik Mohd. Shah,
2014).

Currently, the first (2010-2019) 10-year periodivd third rotation has a total of 489 approvedskiln

which represents an increase of 40% from the pusvid®)-year period (Roslan and Nik Mohd. Shah,
2014). Whilst this will not necessarily result imetreduction of future greenwood yield, the inceeas
in the number of kilns, combined with other factardl undoubtedly exert additional pressure on the

coastal ecosystem.
4.3.2 The production of blood cockles (Anadara Gsa)

The rate of decline in the cockle seeds and adwlkle production for Perak, the state in which the
MMFR is located, has been very alarming. The coskded production has been non-existent since
2004 and the adult cockle production levels are le®s than a quarter of its historic high of 103,96
tonnes in 1980 (Ellison, 2008). Perak has accouimtechore than half of the total cockle production
in Malaysia. Although the area for the productidrcockle has generally increased since 1990, the
yield of cockle per ha has been declining stegd@®FM, 1995; DOFM, 2012).

The overall trend of decline in the production otkle (Anadara Granospat the State of Perak
suggest that there is a corresponding declineaduymtion from the MMFR, because production from
the State of Perak is dominated by production ftoeaMMFR (Table 4). The production of cockle
seeds is dependent on parts of the coastal mudifgsent to the MMFR that act as natural spatfall
areas (also known natural cockle beds). On therdihad, the main culture areas for cockle are

concentrated on the estuaries of the MMFR.

11



Table4

The cockle culture landing at the fisheries distlocated at the Matang Mangrove Forest Reserve

(MMFR).
MMFR Areaof the MMFR Perak Perak
v Production of | Production of | Production Production Per centage
ear
Cockles Cocklesin of Cockles of Cockles | Contribution of
(tonnes) MMFR (ha) (tonnesha) (tonnes) Production
2000 40,558.57 4,726.30 8.58 43,382.1Y 93.5%
2011 17,615.00 3,891.00 4.53 21,759.37 81.0%

Source:Adapted from the (Azahar and Nik Mohd. Shah, 2B@3Jan and Nik Mohd. Shah, 2014)

In the year 2000, the MMFR accounted for more @%b of the total cockle production in the entire

state of Perak. It declined to 81% in 2011. Thaltptoduction of cockles at the mangrove forest
reserve in 2011 has declined 57% from the totadiyction in 2000. Even the average production rate
per ha has been in steady state of decline. At #®BBes per ha, it is well below the 20 year state
average (1990 — 2010) of 11.49 tonnes per ha.

4.3.3 Habitat for migratory birds

The MMFR is also an important habitat to a totall6# species and of this, 49 species are migratory
birds (Othman 2004). Despite incorporating managersé&ategies which includes the creation of
permanent bird sanctuaries and increased efforthanpreservation of mudflats (Azahar and Nik
Mohd. Shah, 2003), which is also the natural haligathe diminishing blood cockles, there have
been evidence of a catastrophic decline in the lpgipn of waterbirds. It was estimated that between
1989 and 1992, the coastal ecosystem supportedamately 18,526 to 31,520 waterbirds annually,
but in 2002 only 1,015 to 4,057 waterbirds wereorded (Li et al., 2006a, Li et al., 2007). This
constituted a 75 — 95% decline in the overall wingg waterbird population at the MMFR. The
population of the Vulnerable Milky StorkViycteria cinerig recorded a 90% decline (Li et al.,
2006b). Only five individuals were recorded duramgobservation in 2009 and there is an urgent need

for interventions to conserve the species (Ismadl Rahman., 2012).

5. Discussion

12



5.1 Exploring the effects of timber extraction ohd ecosystem services

The analysis indicates that there has been somme dbrdeterioration in the provision of several
critical ecosystem services in the MMFR. It is #fere important for us to develop an understanding
of the relationship between the structural chamfesangrove forest reserve and the delivery ofghes
ecosystem services. Whilst all the observed negtiwpacts on the flow of certain ecosystem
services at the MMFR may or may not be a direatltexf the production of charcoal and poles, it
does highlight the need to study the effects ofsthvécultural practices at the MMFR on the prouisi

of these ecosystem services.

The role of biomass in the carbon cycle, nutrididcation and habitat provision has long been
established. It is a result of the productivity fofests, and plays an important role in shaping
ecosystem functional characteristics and in marsegathe provision of ecosystem services (Lu,
2006). Therefore, it plays a key role in connectimgimage classification analysis and the ecosyste
services assessment in this study. Informationhenspatial and temporal distribution of biomass
could provide the study with vital clues on thetéss that may be affecting the delivery of key

ecosystem services at the MMFR.

However, as current research has yet to effectiaslgl accurately relate aboveground biomass
estimation derived from ground sample plots with $pectral reflectance derived from Landsat MSS
or TM image datasets (Clark and Kellner, 2012), ¢stablished classes (young mangrove forest,
mature mangrove forest and clear felled area) sed as proxies to provide a general overview of the
spatial and temporal distribution of biomass atMidFR. The changes detected from the classified
Landsat MSS and TM time series scenes were assessethtion to the data obtained from the

ecosystem services assessment to analyse any iimhpaigtht have had on the provision of these

services.
5.1.1 The greenwood yield

It can surmised from the analysis that overexgiioiteand unsustainable management practices could
not have been the major cause for the fluctuatiotise yield of harvested greenwood recorded at the
mangrove forest reserve. Over the observation getiere has always been a stable and substantially
larger areal percentage of mature mangrove foressuring sustainable supply of greenwood in each
working plan. In all the classified images analysetiad consistently covered more than two thirds
of the total forest reserve. Overexploitation andustainable management of the forest reserve would
have resulted in an unstable composition of thedbstand structure and a much larger areal

percentage of the clear felled areas, both of wivere not indicated in the classified results.

This shows that the issue mainly lies in the corntjposof the mature mangrove forest itself, an é&ssu
best analysed by directly analysing the biomagt@imature mangrove forest area over time. As the

study is able to accurately estimate the standcag®wosition of the forest, the information extralcte
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is used to indirectly analyse the biomass spaistibution. Upon closer examination of the Landsat
MSS and TM images and the classified image datasatsable information were obtained and
several factors that could have contributed toflilduation of greenwood yield at the MMFR were
identified.

The first factor is related to the different rafegoowth or regeneration of the clear felled arédss

can be seen by comparing the subset of the Lairdages and the produced classified image datasets
of the clear felled areas in the mangrove forestmee(Figs. 3a and 3b which depicts two areas that
exhibit good rate of regeneration). Both the amgease designated for clear felling in 1993. By 1989,
fully restocked mangrove forest with no sign ofackxl area that is void of vegetation can be seen. O
the other handrigs. 3c and3d shows an example of two clear felled areas that Im@t regenerated

as well as the areas showrFigs. 3a and3b.

To demonstrate the varying degrees of regeneratiorgrea that was designated for clear felling in
1990 have been includeBi@. 3d). The area was clear felled three years earlen the other areas
highlighted inFigs. 3a, 3b and 3c. The selected area still displayed some cleared across the
middle of the highlighted area even though nineyédwmd passed since clear felling. In fact, it was
observed that there were other areas within thestathat shared similar marks, best described as
‘scarring’, that was clearly visible on false caled composite images. These ‘scarred’ areas took a

significant amount of time to regenerate compare@d fts surrounding area.
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Fig. 3. The highlighted areas represent subset of areashéve been clear felled. Comparison in
made between 1995 and 1999. For comparison purptdsesl995 and 1999 subset false colour
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composite image and the corresponding classifiedy@rof the area has been placed side by side. a)
and b) depict the changes two areas that exhiloitl gate of generation. ¢) was designated for clear
felling during the same period as the first two g@s but exhibited poor regeneration. d) depicts an

area that was clear felled in 1990 but exhibitexxiely poor rate of regeneration.

Signs of late regeneration would mean that in oertkear felling areas, thinning and clear felling
activities may have actually taken place at a memtier age than planned. This could have caused
these areas to have much lower greenwood yieldtti@se that have recovered in a timely manner.
Generally, slower growth rates can be attributedr@ironmental factors such as soil properties and
nutrient status (Komiyama et al., 2007). As a tesilthe silvicultural practices in the MMFR,
regeneration and the establishment of new stamdstieo challenges that are probably not prevalent
in natural mangrove forests — areas that are egptmseleep flooding and areas that are prone to
monkeys and crabs (Azahar and Nik Mohd. Shah, 2G@Bnicci et al., 2008). The analysis of the
images shows that there could still be areas tteanhat benefiting from the artificial restocking or

manual replanting activity which include the propiegand the potted seedling technique.

To demonstrate an extreme case of poor regenerattithe forest, a subset of an image that depicts a
severe case of poor regeneration around a contaxhtmeea of two designated clear felling areas has
been includedHig. 4). The top half of the highlighted area was dedigghdor clear felling in 1993
while the bottom half was cleared 2 years eaniet991. The 1988 image shows the condition of the
forest prior to the clear felling activity. Onceetlareas were clear felled, some areas within the
highlighted area can be seen to remain classietlear felled areas that are void of vegetatiail un
early 2014.

The pattern of the late regeneration could indi¢chgt clear felling activities could be affecting o
changing the landscape of the designated areaggaglew or poor regeneration. After all, it has
been observed that clear felling causes a dismiptiche mud-trapping function of the stilt rooted
mangrove trees. This leads to the erosion of sefiaed and higher elevated soils will eventually dry
out and become extremely acidic. This eventuallysea the retardation of regenerating mangrove
tress (Johns, 1997).
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Fig. 4. The two highlighted areas in the subset of clasdifmage represent two clear felling areas
designated to be clear felled two years apart. Higelighted area of the top half was clear felied
1993 while the bottom half was clear felled in 1991

Excessive thinning could be the second factor thatontributing to the observed fluctuation in
greenwood yields at the MMFRFiQ. 5 depicts four areas in different parts of the maungrforest

that were designated for clear felling in 1996). raflected in the management records, these areas
were scheduled for the first thinning in 2011.dhde seen that in 2014, almost three years &iter t

first thinning there are clear indications of areaisl of vegetationKigs. 5a and 5b).

These areas were fully restocked in 2009 and tharetl areas only appeared after the thinning
processes were performed. For comparison purpokesified images of two other areas that were
designated for clear felling and underwent itst firsnning at the same period as the areas hawe als
been includedKigs. 5¢ and 5d). These areas were not affected by the preseneeeat that were
void of vegetation. It can be postulated that gneaaire was taken during the first thinning in ghes
areas as opposed to the ones presentédgs 5a and 5b which shows clear signs of excessive

thinning.
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Fig. 5. Subset of areas that are clear felled in 1996 ahdduled for first thinning in 2011. a) and b)
are examples of areas that have may have beeneskfmexcessive thinning. ¢) and d) are examples

of areas with the same forest activity scheduledoess not exhibit any signs of excessive thinning.
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The third factor contributes to the increase rathein decrease in the yield of greenwoods at the
mangrove forest reserve. Records in the working pleeady clearly states that there are cleardelle
areas that exceed 30 years of age. This will ofemult in an increment in greenwood yield and
contribute to the observed fluctuations. Howeverguack scan also revealed an area that was
designated for first thinning in 2007 but the tigeries data seemed to show that the area has never
been clear felled since 197Big. 6). This would make the area 14 years older thaorteg. In fact,
there are signs of an unexplained incursion in®atea in the 2014 image that is signified by the

cleared area in the compartment which needs tovssiigated.
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Fig. 6. The classified images show that the area that waigidated for its first thinning in 2007 has

not been clear felled since 1978.

By linking the results of the classified imagesthe fluctuations of the greenwood yield at the
MMFR, the study has identified several of the cimiting factors. It is important to note that these
factors need to be analysed further and the cumeatysis does not provide a comprehensive
explanation of the observed fluctuations. Howevee, findings and conclusions do identify basic
research that could be expanded upon. It alsofigrthe importance and effective role Landsat can

play in monitoring the mangrove forest reserve.

A further and investigation needs to be carriedtoutecalibrate the true age of the trees. Thi$ wil
ensure that the greenwood yield can be monitorietttefely. The example of harvesting coupes that
are perceived to be 30 years old but which area#igtalder — not only gives a much higher yield but
more importantly could give a wrong impression loé tcondition of the total forest regrowth or

restocking activity.

5.1.2 The production of blood cockles (Anadara G&#)
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The Perak Fisheries Department has attributeddbkng in the production of cockle seeds and adult
cockles to the post-2004 tsunami effects on sedirmed water quality and to an unidentified threat
that has caused an unusually high mortality rateranyoung cockles (Roslan and Nik Mohd. Shah,
2014). On the other hand, Ellison (2008) suggettatithe decline at the MMFR could be related to
the continued management of the mangrove forestwvesTo date, the underlying cause of decline

has yet to be conclusively determined.

The lack of scientific research on the possibleseawf this decline raises a huge cause of concern
because anthropogenic pressures have been fowaftetéd macro benthic communities stronger and
much earlier than trees (Cannicci et al., 2009tdbar et al., 2011, Dahdouh-Guebas et al., 2012).
Macro benthic communities, in this case blood cegkfunction as an indicator to the state of health
of an ecosystem and acts as a natural early wasystgm for ecosystem degradation (Ellison, 2008).
Linking the blood cockle production data and theage classification results has also been
complicated by the fact that there have been luniesearch on blood cockles in general, both in

terms number and scope (Lee, 2012).

In order to establish a link between the clasdificaresults and the decline in the production of
cockle seeds and adult cockles at the MMFR, seyarsgdible causes that have been put forth in the
literature were looked at to identify those thatildobe analysed with the information extracted from
the classified images. The threats to cockle sewtl adult cockle production include salinity,
turbidity, water temperature, nutrient contentserbarvesting of cockles, human development,
pollution, predators and disturbance or destructtbradjacent mangrove forests (Pathansali and
Soong, 1958, Broom, 1985, Din and Ahamad, 1995nBack, 1999, Ellison, 2008, Ong and Gong,
2013).

The threat of disturbance or destruction of mangsaadjacent to the natural cockle spatfall areas wa
the only factor that was observable from the preduset of classified images and ancillary data
available in the study. The occurrence of suchamntwould have adverse effects such as slower
growth of the cockles and lead to the deterioratipiestruction of natural spatfall areas which are

essentially the most valuable asset in the mulionidollar industry (Ong and Gong, 2013).

The natural cockle spatfall areas are concentratéioe Larut-Matang fishery district. The total are
of the natural spatfall is estimated to be 1,300 3$ector 1 is estimated to be 300 ha, Sector 2 is
estimated to be 750 ha and Sector 3 is estimateée @50 ha (Roslan and Nik Mohd. Shah, 2014).
Despite the large estimate of cockle spatfall ardese have been no recorded production of cockle
seeds in the area since 2004 except for 2011 whin2Y.08 tonnes were produced. The rapid

decline began in 1993, after a record 9971.31 ®mas produced.

To determine if the systematic management of theFRMould be one of the possible direct causes

of the decline in the production of cockle seeds adult cockles, the time series classified imaifes
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the mangrove forests adjacent to the natural capddfall areas were analysed. The objective was to
investigate if there had been any disturbancermpvwal of mangrove forests in these areas during the

period of 1978 to 2014 which could have led todkeline in the cockle seed production.

Some parts of the mangrove forest adjacent to éleral cockle spatfall area in Sector 1 have been
exposed to timber extraction activitlyi¢. 7a). Although some parts of the area have been datsidn
as protected areas, it was found to have been felked several years prior to 1988. The surrougdin
area has also been severely eroded from the pefiothservation from 1978 to 2014. It has been

estimated to have lost a total coastal border df@1

Sector 2, which has the largest estimated areatofral cockle spatfall area, is almost completely
surrounded by adjacent mangrove forests that haem loesignated as a production forese (
Fig.7b). There has been a substantial amount of erosidhd coastline north-west of the natural
cockle spatfall area totalling a loss of a 269 kaween 1978 and 2014. Only a total of 33 ha have

been loss to erosion in the areas adjacent toatugat cockle spatfall area.

Interestingly, in contrast to the natural cockleatéql areas previously analysed, Sector 3 has
significantly large areas of adjacent mangrove diwr¢hat have not been designated as a production
forest Fig. 7¢). The only area adjacent to the spatfall area lthat disturbed was an area that was
clear felled in 1978; none has been exposed tof@my of timber extraction since. It was also the
only area that showed an increase of mangrovetfarea due to accretion — it reclaimed 33 ha of
land. However, relative to the estimated naturalktm spatfall size of area, Sector 3 suffered the
largest loss of an adjacent mangrove forest duerdeion. It was subjected to a loss of 200 ha of

coastal borders.
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Fig. 7. The estimated natural cockle spat fall areas iBextor 1, b) Sector 2 and c¢) Sector 3 viewed

on a Landsat image dataset acquired on tfleof. Eebruary 2014.

From the analysis, it can be concluded that largasaadjacent to the spatfall area in the MMFR were
either subjected to timber extraction or naturahstal erosion and at times, to both factors
simultaneously. This could have possibly depriveatfall areas of the presence of adjacent mangrove
forest that regulates and maintain good water tyualihich abates fluctuations in salinity and
turbidity and reduces concentration of pollutaririnback, 1999) and control nutrient levels by
providing the area with much needed nutrient raplenent (Holguin et al., 2001, Niiyama et al.,
2012, Mohd Fadzil Shuhaimi and Faizal Riza, 208addition, if the presence of both these factors
in the natural cockle spatfall areas caused intenf=e in the normal pattern of water circulatioarth

it could be the case that the cockle spat werelatsered from settling in the cockle beds (Ong and
Gong, 2013).

Habitat for migratory birds

The management regime has taken great effortsesepre the mudflats and protect the two natural
lakes generally referred to as Stork Lake | (logatePulau Kelumpang) and Stork Lake Il (located in
Pulau Trong Utara) to provide high quality refugel deeding ground for migratory shorebirds and
the highly endangered Milky Stork (Azahar and Nikid. Shah, 2003). Despite the intensification of
these efforts, assessments based on data gatlmenecprfevious research have shown an alarming

trend of decline in the population of these birdsrahe past 25 years.

A century of continued management of the MMFR cdudgte resulted in the accumulation of direct
and indirect anthropogenic disturbances possiblysiog the degradation in the quality of the
stopover sites. This could have eventually affethedmigratory shorebird prey population, foraging
rates and use of foraging and roosting sites (Kawoth Paton, 2014). Prolonged or intense direct
anthropogenic disturbance have been found to haused the complete abandonment of stopover
sites (Pfister et al., 1992).

A stable food supply for shorebirds is crucial imintaining regular shorebird migration and it is
interesting to note that wading shorebirds havelveported to be important predators of small blood
cockles (Broom, 1985, Iwamatsu et al., 2007). X s been established between the decline in the
number of young migratory shorebirds and low foogpy in the form cockle and mussel stock
levels (Atkinson et al., 2003). Since predation basn found to be an unlikely cause of variation or
decline in cockle spatfall (Dare et al., 2004)s itherefore important for future research to itigede

the impact of diminishing supply of cockle seedslmdecline in migratory shorebirds at the MMFR.

In contrast, the lack of food has not been idexdifas a potential factor in the decline of the Wilk
Stork population at the mangrove forest reservee(®@n and Marteijn, 1987). Among the factors

that have been found to be the leading cause ofiglaéine in the Milky Stork population at the
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mangrove forest reserve are hazardous chemicdlgahdestruction, poaching by humans, high rates
of predation and disturbance, and most importanlig, lack of mature trees for nesting (Li et al.,
2006b, Ismail and Rahman, 2012). An old growth dépet species, the Milky Stork uses tall trees
between the height of 8 to 14 m and nests are lygplalced at the height of 6 to 12 m (Verheugt,
1987). Forestry activities have been found to leentiain source of habitat disturbance and alteration
which threatens the existence of the Milky Storpyation (Luthin, 1987, Verheugt, 1987, Li et al.,
2006Db).

The key factors in this study that are crucial stablishing the links between the classified images
and the assessment of the potential habitat foratugy birds at the MMFR are the analyses of
habitat disturbance and alteration and the changdbBe vegetation structure with respect to the
availability of tracts of undisturbed and tall ma&umangrove trees. These are factors that could be
observed and analysed through the output of cladsimages with a focus on the decline of the
Milky Stork population mainly because of its regurent of tracts of undisturbed and tall mature

mangrove trees for roosting and breeding.

The two lakes in Pulau Kelumpang and Pulau Trongwdentified as an important feeding, roosting
and breeding area at the MMFR during two diffetime periods (Verheugt, 1987, Li et al., 2006a).
Based on surveys carried out at the mangrove foesstve, Li et al. (2006a) was of the opinion that
Stork Lake Il appeared to be more of an alternatite for the Milky Stork during periods when the
lake at Pulau Kelumpang is too disturbed or dry.efjnal emphasis were placed on both the areas in

the analysis and discussion of this study.

The first signs of disturbance of the bird habitatre uncovered in the previous analysis on blood
cockles in which there was evidence of clear fgllimat occurred around the area encompassing Stork
Lake Il several years before 1988. The visible lolauies surrounding the change in vegetation shows
that it had been a coordinated destruction of tlagrove forest surrounding the habitat. This
destroyed large tracts of matured and tall mangtmes. In the 1988 classified image, large pdrts o

the area are seen covered by the growth of youmgroge treesKig. 8).
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Fig. 8. The composition and overlay of subsets of the tmgildata, the classified image output and
the 1988 Landsat 8 satellite image depicting tieation and surrounding of Stork Lake II.

There were also signs of recently cleared aredeest of Stork Lake Il in the 1988 classified iraag
subset. Twenty six years later, in the 2014 claskiimage, that particular area remained clear of
vegetation due to changing conditions on groundllpvobably causing issues such as deep flooding
which inhibits the growth of new mangrove treesisTik yet another form of evidence indicating that
timber extraction activity can permanently change landscape of the mangrove forest reserve. This

time, unfortunately, the change is in close progjroi a sensitive and important bird sanctuary.

In addition to the close proximity land clearirgglie, timber extraction activities are also carried
approximately 600 m away from the bird habitat.sT¢en be also be a crucial threat as Milky Storks
are very sensitive to disturbance and have beartezpto take flight at the presence of approaching
surveyors at a distance of between 100 to 200 net(lal., 2006b). The combination of the lack of
mature and tall mangrove trees and the close prityxwh timber extraction activity at Stork Lake I

may have made it a less likely destination forNtiky Stork population in the late eighties.

The analysis on Stork Lake | uncovered a signitieaological change in 1988 that may have gone
undetected and has therefore never been spegifizatl forth as a possible cause in the decline of
migrating birds, including the Milky Stork populati. The area surrounding Stork Lake | is under a
management zone classified as Protective FoFegt 9). Despite being free from timber extraction

activities, large areas of the forest were fourarisiyg similar spectral characteristics of clearssha
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found in the Productive Forest management zonegadtidg the absence of mangrove trees,
especially the tall and mature ones.

The multi-temporal classified images of the areacsunding Stork Lake | shows that the problem
continued to deteriorate a year later in 1989 ag geFig. 9 (botton). The forest recovered naturally

10 years later as reflected in the 1999 image subssvever, in 2009 signs of the problem recurring
in the area north-east of Stork Lake | are deteatémbe to areas that have been designated as a
Productive Forest management zone. A more recdmesumage of 2014 shows the problem
spreading wider towards the areas in the east@unti-geast of the important bird sanctuary. Based on
the time series observation of mangrove forest cov&988-1989 and the effects it may have had on
the population of migratory birds at the Stork Lek#he more recent detection of a decreasing forest
cover is a cause for serious concern and mertidéudnd intensive investigation.
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Fig. 9. (Top The composition and overlay of subsets of thellang data, the classified image output
and the 1988 Landsat 8 satellite image depictirgg Ititation and surrounding of Stork Lake I.
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(Botton) The ecological change during the period 1978 Gd42surrounding Stork Lake 1 derived

from classifying multi-temporal Landsat scenes.

The findings of the analysis are in direct conttasthat of Li et al. (2006) who suggested that the
mangrove forest vegetation structure surroundimgkStake | and Stork Lake Il changed little in the
last two decades preceding the study period. Eeelesuggests that systematic clear felling was
carried prior to 1988 at Stoke Lake Il and an unkmccause had led to the deterioration of the
mangrove forest vegetation surrounding Lake I. fihdings concur with the observation made by
Verheugt (1987) with regards to the absence of itaraa in the area. The fact that both these factors
had occurred during the same time period could leanNg spelled disaster for the population of the

Milky Stork and perhaps some species of the migyaiods.
5.2 External pressures exerted on to the mangromeét reserve

There are mangrove forests that share borderseoloaated within the MMFR that have not been
designated as Permanent Reserved Forests. Theseaaeeeither privately or stated owned lands that
do not fall under the jurisdiction of the Perakt8tBorestry Department. Because of the complex and
dynamic relationship shared between the designaizagrove forest reserve and the surrounding
mangrove forest, it is important to briefly mentisome results of interest that were derived froen th

multi-temporal land use change analysis.

Since 1978, a total of approximately 546 ha of mawg forest within or adjacent to the mangrove
forest reserve were detected to have been clearejfiaculture and approximately 146 ha had been
cleared for agriculture. The startling fact is thatre than half of the areas cleared for aquaayltur
totalling approximately 301 ha, were cleared wittiia past 5 years. Although limited operation may
not have significant impacts on the mangrove foreseérve (Ronnbéack, 1999, Alongi, 2002), it could
exert more unnecessary pressure on the delivesthef ecosystem services that are already showing
multiple signs of deterioration. Some of the diract indirect problems of pond aquaculture include
blockage of tidal creeks; alteration of naturaétitlows; alteration of the groundwater table; gase

in sedimentation rates and turbidity in naturalexsitrelease of toxic wastes; overexploitation b w
seed stocks; development of acid sulphate soiduced water quality; introduction of excess
nutrients; and alteration of natural food chainsli&tson and Phillips, 1995, Alongi, 2002). These
are all factors that could negatively impact atethof the ecosystem services that have been adsess

in this study.
53 Uncertainties

The analysis of the classified images in this studjudes a certain degree of uncertainty. Theegfor
it is important to identify and understand the seunf these uncertainties that are associatedthgth

analysis prior to any form of utilization of anyteacted information from the study.
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Firstly, the 1978 classified image were derivedrfran MSS image that has a spatial resolution of 80
m and four bands. All the other classified imageseaderived from images with a spatial resolution
of 30 m and six bands. The incorporation of theadatthough much coarse compared to the other
image datasets, was however necessary to ensuntiideamporal analysis that spanned more than 30
years — the time that would take to complete tretecgf a single rotation at the MMFR. In additian t
that, the study area is a managed mangrove foi#ssub-coupes that have a minimum size of 2 ha.
This would compensate or negate the amount of nm@pon that could potentially be lost by

incorporating a lower resolution image dataset.

Secondly, a close examination of the classifiecd daibwed that the classification results of ardéas o
young mangrove trees between the ages of threéangears would sometimes be misclassified as
mature mangrove forest due to the vegetation strectBased on the ancillary dataset and the
management records, it is estimated that there possibility of an over estimation of mature
mangrove forest and an under estimation of younggnwve forest by approximately 2400 ha. Apart
from that age group, the study was able to conadlisiseparate the younger mangrove stands (dense

stands) from the mature stands (sparse stands).
6. Conclusion

An object-based approach was applied to classiflyaaralyse multi-temporal Landsat imagery of the
MMFR from 1978 to 2014. Although the analysis shdwkat the management have maintained a
relatively stable area of clear felled areas, yoamgl mature mangrove forests throughout the
observation period, the results of the accompangougystem services assessment disclosed signs of
deterioration in the provision of several criti@losystem services at the mangrove forest reserve.
The state of these ecosystem services reflecetdaunderlying challenges faced by the management
of the mangrove forest reserve in achieving optinmatance between sustaining high yielding timber

extraction activity and preserving the ecologicaliysitive coastal ecosystem.

By establishing links between the classified insaged the ecosystem services assessment, possible
causes for the deterioration were identified. Tineifgs suggests that the fluctuation in greenwood
yield could be negatively affected by varying ratsregeneration and exposure to excessive
thinning. The delay in harvesting on the other hamay have led to positive increases in greenwood
yield. Timber extraction and natural coastal enosi@re identified as some of the possible causes in
the drastic decline in the production of blood deskaround the mudflats of the mangrove forest
reserve. An undetected ecological change in the dgghties and anthropogenic disturbances were
uncovered as the possible key factor behind théingem the population of the Milky Stork and
migratory shorebirds. The study also emphasizedl#imgers of the recently detected change in the

vegetation structure in the surrounding areas afk3take I.
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In addition to the multiple signs of deteriorationecosystem services highlighted, the MMFR is also
exposed to pressures exerted from activities altsngorders. Due consideration must be given to
these ecosystem services as a whole to enhancenderstanding of the relationship that exist
between these services. These flow of servicegftifunmonitored, could cause a subtle but yet
devastating degradation of the entire coastal etesy It could lead to a decline in the ecosystem

functions and disrupt the flow of critical ecosystservices to the community.

Further research is needed to better understanehtiferlying causes of late regeneration of mangrove
trees and its effect on greenwood yield overtimge @ecline in the production of blood cockle seed
and adult blood cockle also needs to be investig&teidentify possible management actions to
promote sustainability. Investigating the possibigs between blood cockles and migratory birds at
the MMFR bird sanctuaries and determining an effectonservation plans for the population of

migratory birds and Milky Storks are also importaations to be considered.

Future research will be able to take full advantaigine recently launched Landsat 8. The availgbili
of a constant source of image datasets will allogvrecalibration of the classification to incredse
accuracy and effectiveness. The impact of changeegretation structure on spectral signatures of
designated plots can be closely monitored. Ovefallure research should focus on priority
management issues. It is crucial to link sciencentmagement in order to have an effective and
efficient mangrove management. The findings of meitwesearch can be used to underpin the

management of sustainable ecosystem services atathgrove forest reserve in future.
Acknowledgement

The authors would like to thank the Forest Resedmslitute of Malaysia and the State Forestry
Department of Perak for all the assistance andrimdition provided throughout the completion of the
research. We would also like to thank the anonymeugwers whose comments were detailed and

constructive, improving the overall quality of thaper.
References

Alongi, D. M. (2002). Present state and future lo¢ tworld's mangrove forestEnvironmental
Conservation?29, 331-349.

Alongi, D. M., Sasekumar, A., Chong, V., Pfitznér, Trott, L., Tirendi, F., Dixon, P., & Brunskill,
G. (2004). Sediment accumulation and organic natéiix in a managed mangrove ecosystem:
estimates of land—ocean—atmosphere exchange ingodsni MalaysiaMarine Geology,208 383-
402.

Ammar, A. A, Phinn, S., Dargusch, P., Hamdan &8Sanjiwana, A. (2015). Assessing the potential
applications of Landsat image archive in the edokdgmonitoring and management of a production

mangrove forest in MalaysidManuscript submitted for publication

30



Atkinson, P. W., Clark, N. A., Bell, M. C., Dare, P, Clark, J. A., & Ireland, P. L. (2003). Chasge
in commercially fished shellfish stocks and shamlgopulations in the Wash, Englariiological
Conservation114 127-141.

Azahar, M., & Nik Mohd. Shah, N. M. (20037 Working Plan for the Matang Mangrove Forest
ReserveThe Third 10-year Period (2000-2009) of the SecBotation. Perak: Perak State Forestry

Department.

Bartolini, F., Cimo, F., Fusi, M., Dahdouh-Guebs,Lopes, G. P., & Cannicci, S. (2011). The effect
of sewage discharge on the ecosystem engineeriivifias of two East African fiddler crab species:

consequences for mangrove ecosystem functioMagne Environmental Researchl], 53-61.

Broom, M. (1985).The biology and culture of marine bivalve mollusisthe genusAnadara
ICLARM studies and reviews, Vol. 263, 12 (pp. 1-3K)anila: International Center for Living
Aquatic Resources Management (ICLARM).

Cannicci, S., Bartolini, F., Dahdouh-Guebas, Fatift, S., Litulo, C., Macia, A., Mrabu, E. J., Pen
Lopes, G., & Paula, J. (2009). Effects of urban tesaater on crab and mollusc assemblages in
equatorial and subtropical mangroves of East Affitstuarine, Coastal and Shelf Scien8d, 305-
317.

Cannicci, S., Burrows, D., Fratini, S., Smith i, J., Offenberg, J., & Dahdouh-Guebas, F. (2008).
Faunal impact on vegetation structure and ecosyftaniion in mangrove forests: a reviegquatic
Botany,89, 186-200.

Carpenter, S. R., Mooney, H. A., Agard, J., Capistt D., Defries, R. S., Diaz, S., Dietz, T.,
Duraiappah, A. K., Oteng-Yeboah, A., & Pereira, M. (2009). Science for managing ecosystem
services: Beyond the Millennium Ecosystem Assessnitmoceedings of the National Academy of
Sciences]106 1305-1312.

Chander, G., Markham, B. L., & Helder, D. L. (2008ummary of current radiometric calibration
coefficients for Landsat MSS, TM, ETM+, and EO-1 IAdensorsRemote Sensing of Environment,
113 893-903.

Chavez, P. S. (1988). An improved dark-object suiton technique for atmospheric scattering

correction of multispectral datRemote Sensing of Environmest, 459-479.

Chavez, P. S. (1996). Image-based atmosphericatioms-revisited and improve&hotogrammetric
Engineering and Remote Sensifig, 1025-1035.

Chong, V. C. (2006). Sustainable utilization anchegement of mangrove ecosystems of Malaysia.
Aquatic Ecosystem Health & Managemeh?249-260.

31



Clark, D. B., & Kellner, J. R. (2012). Tropical &8t biomass estimation and the fallacy of misplaced
concretenesgdournal of Vegetation Scienc23, 1191-1196.

Dahdouh-Guebas, F., Satyanarayana, B., Peccelj Bitto, D., Van Den Bossche, K., Neukermans,

G., Bosire, J. O., Cannicci, S., & Koedam, N. (201Rabitat recovery assessment of reforested
mangrove sites in the Gazi Bay, Kenya: a studyngghe role of molluscs as bioindicator species.
VLIZ Special Publication57, 48.

Dare, P., Bell, M., Walker, P., & Bannister, R. Q2). Historical and current status of cockle and
mussel stocks in The Wash. Lowerstoft: Center favilE&nment, Fisheries and Aquaculture Science
(CEFAS).

Din, Z., & Ahamad, A. (1995). Changes in the sctipegrowth of blood cocklesAnadara granosp
exposed to industrial dischardéarine Pollution Bulletin 31, 406-410.

DOFM (Department of Fisheries Malaysia). (1995)alyBook of Fisheries Statistics. Vol. 1. Kuala

Lumpur: Department of Fisheries Malaysia.

DOFM (Department of Fisheries Malaysia). (2012)alY¥Book of Fisheries Statistics. Vol. 1. Kuala

Lumpur: Department of Fisheries Malaysia.

Duncker, P. S., Raulunf-Rasmussenm K., Gunderserka®zensteiner, K., de Jong, J. Ravn, H. P.,
Smith, M., Eckmullner, O., & Spiecker, H. (2012)ow forest management affects ecosystem
services, including timber production and econongittrn: synergies and trade-oftscology and
Society,17, 50.

Ellison, A. M. (2008). Managing mangroves with deatbiodiversity in mind: moving beyond roving
banditry.Journal of Sea Research9, 2-15.

Ellison, A. M., & Farnsworth, E. J. (2000Ylagroves communitiesn: Marine Community Ecology,
Bertness, M. D., Gaines, S. D., & Hay, M. E. (Ed&p. 423-442). USA: Sinauer Associates.

FAO (Food and Agricultural Organization of the WwmitNations). (2007)The world’s mangroves
1980-2005: A Thematic Study Prepared in the Framlewaf the Global Forest Resources
AssessmenFAO Forestry Paper 153. Rome: FAO.

Foody, G. M. (2002). Status of land cover clasatfn accuracy assessmeRemote Sensing of
Environment80, 185-201.

Gan, B. K. (1995)A Working Plan for the Matang Mangrove Forest Reger1990-1999Perak:

Perak State Forestry Department.

Giri, C., Pengra, B., Zhu, Z., Singh, A., & Tieszdn L. (2007). Monitoring mangrove forest
dynamics of the Sundarbans in Bangladesh and Uursiiey multi-temporal satellite data from 1973 to
2000.Estuarine, Coastal and Shelf Scientg&,91-100.

32



Gong, W. K., & Ong, J. E. (1995). The use of demapbic studies in mangrove silviculture.
Hydrobiologia,295 255-261.

Hamdan, O., Khairunnisa, M., Ammar, A., Hasmadig&l.Aziz, H. (2013). Mangrove carbon stock

assessment by optical satellite imagdournal of Tropical Forest Scienc25, 554-565.

Haron, A. H. (1981)A Working Plan for the Second Rotation 30-Year fRmtaof the Matang
Mangrove Forest Reserve, 1980-19B@rak: Perak State Forestry Department.

Holguin, G., Vazquez, P., & Bashan, Y. (2001). Tioée of sediment microorganisms in the
productivity, conservation, and rehabilitation oumgrove ecosystems: an overvieBiology and
Fertility of Soils,33, 265-278.

Iftekhar, M., & Islam, M. (2004). Degeneration ofamgladesh's Sundarbans mangroves: a

management issulternational Forestry Reviev, 123-135.

Ismail, A., & Rahman, F. (2012). An Urgent Need fdilky Stork Study in MalaysiaPertanika
Journal of Tropical Agricultural Scienc85, 407-412.

Iwamatsu, S., Suzuki, A., & Sato, M. (2007). Nerigolychaetes as the major diet of migratory
shorebirds on the estuarine tidal flats at Fujirmigata in JaparZoological Science?4, 676-685.

Jia, M., Wang, Z., Zhang, Y., Ren, C., & Song, R015) Landsat-based estimation of mangrove
forest loss and restoration in Guangxi Provincan&hinfluenced by human and natural facttEEE
Journal of Selected Topics in Applied Earth Obsgoves and Remote Sensjrgy 311-323.

Johns, A. G. (1997)Timber production and biodiversity conservation tiepical rain forests

Cambridge: Cambridge University Press.

Jusoff, K., & Taha, D. H. (2008). Managing sustaieamangrove forests in Peninsular Malaysia.

Journal of Sustainable Developmeht88-96.

Kamal, M., Phinn, S., & Johansen, K. (2015) Obpased Approach for Multi-Scale Mangrove
Composition Mapping Using Multi-Resolution Imaget&setsRemote Sensing, 4753-4783.

Koch, S. L., & Paton, P. W. C. (2014). Assessinthiapogenic disturbances to develop buffer zones
for shorebirds using a stopover sitée Journal of Wildlife Managemefdi, 58-67.

Komiyama, A., Ong, J. E., & Poungparn, S. (2007)loetry, biomass, and productivity of

mangrove forests: a reviewquatic Botany89, 128-137.

Landis J. R., & Koch, G. G. (1977) The measurennbbserver agreement for categorical data.
Biometrics33, 159-174.

Lee, W. J. (2012). Critical links among the seadland air: Southeast Asia's coastal soft-sediment

communitiesThe Raffles Bulletin of Zoology17-121.

33



Li, D. Z. W., Aik, Y. C., Chye, L. K., Kumar, K.,i&h, L. A., Chong, Y., & Mun, C. W. (2006a).
Shorebird surveys of the Malaysian coast Novembéd 2\ pril 2005 .Stilt, 49, 7-18.

Li, D. Z. W., Yatim, S. H., Howes, J., & llias, R006b).Status overview and recommendations for
the conservation of Milky Stork Mycteria cinereaMialaysia: Final report of the 2004/2006 Milky
Stork field surveys in the Matang Mangrove forBstiak Kuala Lumpur: Wetlands International and

the Department of Wildlife and National Parks.

Li, D. Z. W., Yeap, C. K., & Kumar, K. (20076urveys of coastal waterbirds and wetlands in
Malaysia, 2004—20Q6In: Li, Z.W.D. and Ounsted, R. (eds.). The Statti€€oastal Waterbirds and
Wetlands in Southeast Asia: Results of Waterbind/&gs in Malaysia (2004-2006) and Thailand and
Myanmar (2006), (pp. 1-40). Kuala Lumpur: Wetlahdgrnational.

Lu, D., Mausel, P., Brondizio, E., & Moran, E. (Z)0 Assessment of atmospheric correction
methods for Landsat TM data applicable to Amazosirb&BA researchinternational Journal of
Remote Sensing3, 2651-2671.

Luthin, C. S. (1987). Status of and conservatioorjiies for the world's stork specie€Solonial
Waterbirds 10,181-202.

Mohd Fadzil Shuhaimi, R., & Faizal Riza, A. H. (3)1Feeding Cockles with Detritus Ballkurnal
of Biology, Agriculture and Healthcar8, 102-107.

Nalle, D. J., Montgomery, C. A., Arthur, J. L., Bsky, S., & Schumaker, N. H. (2004). Modeling
joint production of wildlife and timberJournal of Environmental Economics and Manageméat,
997-1017.

Nascimento, W. R., Souza-Filho, P. W. M., Proisy, BQucas, R. M., & Rosengvist, A. (2013)
Mapping changes in the largest continuous Amazonmangrove belt using object-based

classification of multisensor satellite imagdggtuarine, Coastal and Shelf Scientgy, 83-93.

Niiyama, T., Toyohara, H., & Tanaka, K. (2012). IGkilse activity in blood cockleAfhadara
granosg in the Matang Mangrove Forest Reserve, Malaylsipan Agricultural Research Quarterly:
JARQ,46, 355-359.

Noakes, D. S. P. (1952)\ Working Plan for the Matang Mangrove Forest ResePerak Kuala

Lumpur: Caxton Press.

Ong, J. E., & Gong, W. K. (2013%tructure, Function and Management of Mangrove Estesns.
ISME Mangrove Educational Book Series No. 2, Okiaawnternational Society for Mangrove
Ecosystems (ISME).

Pathansali, D., & Soong, M. (1958). Some aspectsookle Anadara granospculture in Malaya.
Pasc Indo Pacific Fish8, 26-31.

34



Pfister, C., Harrington, B. A., & Lavine, M. (1992Jhe impact of human disturbance on shorebirds at

a migration staging areBiological Conservationg0, 115-126.

Putz, F. E., & Chan, H. T. (1986). Tree growth, ayics, and productivity in a mature mangrove
forest in MalaysiaForest Ecology and Managemef, 211-230.

Riano, D., Chuvieco, E., Salas, J., & Aguado, 100@. Assessment of different topographic
corrections in Landsat-TM data for mapping vegetatypesIEEE Transactions on Geoscience and
Remote Sensing4], 1056-1061.

Robertson, A., & Phillips, M. (1995). Mangrovesfaters of shrimp pond effluent: predictions and
biogeochemical research needgdrobiologia,295 311-321.

Roénnbéack, P. (1999). The ecological basis for esoanwralue of seafood production supported by

mangrove ecosysteniscological Economics29, 235-252.

Roslan, A., & Nik Mohd. Shah, N. M. (2014\ Working Plan for the Matang Mangrove Forest
Reserve, Perak: The First 10-year Period (2010-320d0the Third RotationPerak: Perak State

Forestry Department.

Schowengerdt, R. A. (2006Remote Sensing: models and methods for image ginge€3rd ed).

San Diego: Academic Press.

Son, N. T., Chen, C. F., Chang, N. B., Chen, CQRang, L. Y., & Thanh, B. X. (2015) Mangrove
mapping and change detection in Ca Mau Peninsutnaim, using Landsat data and object-based
image analysidEEE Journal of Selected Topics in Applied Eartrs@lvations and Remote Sensing,
8, 503-510.

Swennen, C., & Marteijn, E. C. L. (1987). Notes e feeding behaviour of the Milky Stork
(Mycteria cineria) Forktail, 3, 63-66.

Thompson, |. D., Maher, S. C., Rouillard, D. Pyxall, J. M., & Baker, J. A. (2007). Accuracy of
forest inventory mapping: some implications for dmdr forest managemenkorest Ecology and
Management252 208-221.

Verheugt, W. J. (1987). Conservation status angragbrogram for the Milky Stork Mycteria
cinereg. Colonial Waterbirds10, 211-220.

Vo, Q. T., Oppelt, N., Leinenkugel, P., & Kuenz€r,(2013) Remote sensing in mapping mangrove
ecosystems—An object-based appro&mote Sensing, 183-201.

35



