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ABSTRACT

Trait assessment is an alternative but effective method of biomonitoring benthic community
in ecosystem, but it was rarely done in Malaysia. An assessment was done to identify the
dominant sub-traits, or modalities, within benthic community in seafloor northwards of
Pulau Indah, Klang, Malaysia, and to establish possible correlation between modalities
with environmental parameters measured in the area. Sampling was conducted in
November 2018, during Northwest Monsoon season. Sediments were obtained by using
a Ponar Grab and filtered through 500 um sieve. Sediments were subjected into Loss of
Ignition method to extract organic carbon, and filtration method to determine particle size
distribution percentages. 37 taxa were recorded in this study, totalling to 848 individuals.
Traits assessment indicated vermiform body shape, direct larval development, deposit
feeder, non-motile, asexual reproduction, and second-order opportunistic group as most
dominant modalities in the study area. Station 1 recorded highest macrobenthos density
(21000 ind./m2), while station 5 recorded highest diversity (H’=2.19). Functional diversity
(FD) for reproduction method was highest in station 1 (¥D=0.61), ecological group in
station 4 (F'D=0.73); body shape (#D=0.56) and larval development (FD=0.63) in station
5, and lastly, adult mobility (D=0.70) and feeding mode (#D=0.66) in station 6. Principal
component analysis showed Station 1 has most modalities attributed towards it. Pearson
correlation analysis suggested particle size distribution as major connector for most

modalities (P=0.05). As BTA study is still
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INTRODUCTION

Benthic community distributes very differently across the seafloor of the world (Lomovasky
etal.,2011). This variation occurs due to the nature of the benthos themselves. Characteristic
of the benthic organisms can define what they are capable of, and how they respond to
changes in the environment, as well as how do they engage on forage and procreation (Hou
et al., 2020; Widdows et al., 2000). These, known as traits, are unique and only found in
certain group of taxa (Verberk et al., 2013). Taxa from higher hierarchy taxonomy may
possess similar traits, but lower taxonomic level taxon may display different traits.

Traits found in available taxa could serve as a useful tool to understand the nature
of the biotope taxa is found in better perspective (Zhong et al., 2018). Unique traits
displayed by the taxa can denote their role toward the ecosystem. Traits shown in taxa
denote their feeding mode, territoriality, and reproductive strategy (Zhong et al., 2018).
Benthic community depends heavily on the seafloor habitat and does not have effective
displacement method to migrate to another seafloor region. Depending on localities and
existing environmental factors, diversity of traits shown at the seafloor biotope may vary.
Study by Paganelli et al. (2012) on the connection between existing traits in benthic
community with their habitat’s distance to the coastline of Emilia-Romagna, Italy, found
majority of taxa in nearshore (~3 km) area was dominated by mobile vermiform organisms
with tube-dwelling and deposit-feeding behavior. However, further off the coastline (<
10 km), the dominant taxa were either laterally compressed or globose body shape, and
majority of them possess deposit-feeding and filter-feeding as dominant traits in terms of
feeding behavior.

Trait assessment has become increasingly popular, but it has rarely been done in
Malaysian waters (Hanamura et al., 2008; Hussin, 2014). This is because identifying the
traits can be time-constraining, and details of targeted taxa can be very vague due to the
lack of accurate reference about the benthic taxa (Korte & Ashley, 2013). Most of ecological
assessments done in biodiversity in Malaysian waters were conducted in traditional
approaches via identifying inhabiting taxa in-site but may or may not disregard important
factor behind the taxa such as origin of taxa (nature vs. invasive), feeding behaviour, and
body shape.

Resultant observation on traits from taxa can be further applied on discerning correlation
between governing traits with surrounding area. Known as Biological Traits Analysis
(BTA), this analysis aims to establish connection between traits, taxa, and the surrounding
environment (Linden et al., 2012). BTA requires compilation of sub-traits within traits in
form of matrices, followed by ordination analysis such as Fuzzy Correspondence Analysis
(FCA) or Principal Component Analysis (PCA) (Dell et al., 2011). These sub-traits can
further be interpreted by ecological mean as direct influence toward the related taxa, and
ultimately, the taxon’s influence toward or by corresponding environment (Xu et al., 2018).
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Bolam et al. (2016) undertook BTA assessment towards benthic community in a
licensed disposal dredged material site in northeast coast of England. Their assessment
indicated significant differences between site affected by dredged material fluxes and non-
affected site over four years period, where constant influx of dredged materials reduces
free-living and predator traits over time. Both traits were associated with complex taxa
such as crustaceans, errant polychaetes, ophiuroids, and sea star, where their larger body
size and enhanced mobility may enable them to escape from burial by dredged materials.
Conversely, influx of dredged materials showed increased taxa capable of performing
bioturbation across sediment such as bivalves, gastropods, and sedentary polychaetes. BTA
assessments showed large flexibility in terms of interpretation of data, thus this makes a
very suitable assessment for various studies regarding ecological issues. Unfortunately, BTA
assessment was rarely done in Malaysian waters. All ecological studies towards benthic
community in Malaysian waters are all rather assessed via traditional means, through
assessing the number of members on each taxon. BTA can be very useful ecological tool
to understand the current state of benthic community in Malaysian waters effectively.

This study intends to focus on identifying dominant traits within taxa found in benthic
community in various point of seafloor northwards of Pulau Indah, one of the busiest
industrial areas in Klang Valley. The findings from these assessments can be applied
further for studies related to ecology such as assessing invasive species in enclosed water
(Gergs & Rothhaupt, 2015), impact of environmental stressors to environmentally sensitive
benthic community over time (Bolam et al., 2017) and genetic drifts for migration of certain
organisms over time (Padron & Guizien, 2016). Therefore, the objective of this study is to
establish list of traits attributed by available taxa in benthic community inhabiting seafloor
in waters northwards of Pulau Indah, Klang, and to assess Biological Trait Analysis of
benthic community in the area.

MATERIALS AND METHODS
Procurement of Benthic Specimens and Sediments

The sampling took place in waters northwards of Pulau Indah, Klang. Pulau Indah is
an island bustled with industrial plants and human settlements (Figure 1). It is located
nearby mangrove island Pulau Ketam, and within waterways connecting important ports
such as West Port, North Port and Southpoint. It is also connected with multiple point
sources from inland river outflows such as Sungai Klang and Sungai Langat. During the
sampling session, sediment samples were acquired by using a Ponar Grab with 0.023 m?
mouth area. The salinity and water depth were measured by using a salinometer and a
digital depth sounder respectively. Sediment samples were taken for taxa identification
and another samples for sediment characteristic analysis. For taxa identification part, the
sediment samples were sieved through a 500 um sieve to obtain the macrobenthic specimen.
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Specimens were sorted in laboratory and stored in containers with 70% ethanol for taxa
identification. As for sediment analysis, samples were subjected into Total Organic Carbon
(TOC) and Particle Size Distribution assessment via Loss of Ignition (LOI) method and

filtration method, respectively.
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Figure 1. Location of sampling areas in this study
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Assessment of Taxa and Their Respective Traits

Macrobenthos specimens were identified to the lowest taxonomic level as possible,
preferably genera or species. As for traits assessment, each taxon was classified based on
the following traits: body shape, feeding mode, adult mobility, reproductive technique,
larval development, and ecological group (Table 1). These modalities or sub-traits
were useful to define traits more accurately in terms of their biological and ecological
characteristics and their possible role towards ecosystem they inhabit. In this stage, all taxa
were compiled into a master list in which each taxon were matched to their corresponding
sub-traits. Identification of each taxon and their respective traits were done based on
checklist, database, and key descriptions from selected references such as Baharuddin
et al. (2018), Fauchald (1977), Faulwetter et al. (2017), Fujita and Irimura (2015), Idris

Table 1
List of traits and modalities used in this study
Traits Modalities Label

Body Shape Dorso-Ventral Compressed DvC
Laterally Compressed LtC
Globose Gb
Vermiform A%

Feeding Mode Filter Feeder FIFd
Carnivore/Omnivore CrOm
Surface-Deposit Feeder SDFr
Sub Surface-Deposit Feeder SSDFr
Scavenger ScV

Adult Mobility Swimmer Sw
Burrower Bw
Crawler Cw
Walker Wk
Non-Motile/Semi Motile nM

Reproductive Technique Asexual Asex
Sexual, Gonocoric Sex_ G
Sexual, Heramphrodite Sex_H

Larval Development Planktontrophic Pl
Lecitotrophic Le
Direct Development DD
Brooding Br

Ecological Group (AMBI) Sensitive |
Indifferent II
Tolerant 11
Second Order Opportunistic v
First Order Opportunistic A\
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and Arshad (2013), Mikac (2015), Ng and Davie (2002) and Ong and Wong (2015) and
online databases such as Polytrait, Animal Diversity (ADW) and World Register of Marine
Species (WoRMS).

Trait assessment was done via fuzzy coding, in which each taxon was given a score
based on its affinity to the sub-traits. Score 0 represents no affinity, score 1 represents low
affinity, score 2 represents high affinity, and score 3 represents absolute affinity (exclusive)
towards the sub-trait. The purpose of this coding is to exhibit degrees of variations and
diversity within targeted benthic community in the region (Paganelli et al., 2012).

Determination of Ecological Indices and Functional Diversity

In this study, the following ecological indices were used: Shannon-Wiener Index
("), Pielou’s Index (J°), Simpson Index (D) and Margalef Richness Index (D,,). H’ was
used to assess diversity of benthic taxa in station, J’ for assessing evenness, D for taxon’s

dominance in the region, and D,,, for assessing taxa richness (Equation 1, 2, 3, & 4).

mg

Shannon-Wiener Index, H'= —Zﬂln (ﬂj [1]
n n
Pielou’s Index, J'= A [2]
Hmax
n 2
Simpson Index, D = Z[—’j [3]
n
_(8-D

Margalef Richness Index, D, [4]

InN

n; denoted individual number for a taxon i, H,,,, denoted maximum diversity in the region
and S denoted number of taxa in the region.

Rao’s quadratic entropy was used to measure functional diversity of benthic
communities based on traits assessed in this study. Rao’s quadratic entropy calculates
Functional Diversity (FD) based on taxa abundance and traits gathered in ‘Taxa by Station’
matrix. Excel’s macro feature ‘FunctDiv.xls’ (https://botanika.prf.jcu.cz/suspa/FunctDiv.
php) Leps et al. (2006) was used to obtain the functional diversity for each station. Record
of functional diversity (FD) for traits in each station was calculated via Excel macro file
developed by Leps et al. (2006) and shown in Table 4.

Statistical Analysis and Biological Traits Analysis (BTA)

Datasets from the physical parameters, ecological indices and functional diversity were
subjected with one-way ANOVA test to identify differences between stations. Pearson
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Correlation Analysis was performed on the ‘Traits by Station’ matrix to identify possible
correlation between sub-traits of each trait toward the physical parameters.

To initiate BTA, two matrices were used i.e., ‘Taxa by Station’ matrix and ‘Taxa by
Trait’ matrix. ‘Taxa by Station’ matrix comprised of taxa with individual numbers, while
‘Taxa by Traits’ matrix comprised of biological traits for each taxon found in the entirety of
this study, derived from the fuzzy-coded database as mentioned previously. Both matrices
were then combined to form ‘Trait by Station’ matrix, whereby denotes biological traits
found in each station. The ‘Trait by Station’ matrix was used further for BTA analysis in
form of ordination using Principal Component Analysis (PCA), to determine which sub-
traits are associated with the stations. In this study, PAST 4.03 was used to assess one-way
ANOVA test and PCA, whilst SPSS 1.0.0.1406 was used to assess Pearson Correlation
Analysis.

RESULTS AND DISCUSSIONS
Assessment of Taxa and their Respective Traits

A total of 848 macrobenthos individuals were enumerated, with station 1 recorded the
highest abundance (n=483) whilst station 4 recorded the lowest (#=25). In terms of phyla,
the Annelida recorded the highest abundance (#=789), followed by Arthropoda (n=15),
Echinodermata (n=12) and Mollusca (#=32). Thirty seven (37) taxa were found in this
study (Table 2), with phylum Annelida accounted as the highest taxa count than other phyla
(n=23). In terms of taxa count at each station, Station 1 recorded the highest taxa count
(n=11), while station 4 recorded the lowest (n=8).

In terms of trait assessment, the modality vermiform (V{) from body shape and direct
development (DD) from larval development recorded the highest in all stations (Figure
2). Majority of taxa members in Phylum Annelida possess vermiform body shape in adult
stage, as seen in all polychaete taxa found in this study (Fauchald, 1997; Mikac, 2015).
Previous records for BTA analysis in Emilia-Romagna coast, Italy reported the dominance
of vermiform trait amongst other body shape modality due to large numbers of polychactes
at coastline and intertidal zone (Pagenelli et al., 2012). Based on information gathered from
Polytrait and ADW database, most Sedentaria polychactes such as Capitellids, Cirratulids
and Spionids undergo direct development growth instead of usual multiple growth stages
like Errantia polychaetes (Faulwetter et al., 2017). Higher percentage of direct development
modality in this study was highly attributed to dominance of these Sedentarian polychaetes
throughout the stations, which are very common in sediment closer to estuaries (Guan et
al. 2014; Mohamamad & Jalal, 2018).

In terms of feeding mode trait, sub-surface deposit feeder (SSDFr) modality was the
highest in station 1 to 3, while surface deposit feeder (SDFr) modality was the highest in the
next three stations. Like body shape and larval development trait, Sedentarian polychaetes

Pertanika J. Sci. & Technol. 29 (2): 1267 - 1288 (2021) 1273



Mohd Sophian Mohd Kasihmuddin and Zaidi Che Cob

Table 2
Taxa recorded in seafloor of Pulau Indah, Klang

St1 St2 St3 St4 St5 St6

Alvania 7

Ancistrosyllis 7

Capitella 4

Caulleriella 83 98 4
Cerithidea rhizophorarum 5 5

Cerithidea rhizophorarum morchii (var.) 8

Cerithium 4

Cirriformia 130 43

Cossura 1
Eunice 2 3

Eurythoe 1
Flabellina 1

Glycera 2 4 6
Goniada 4 5
Maldanidae. 2 1

Mediomastus 82 11

Micronepthys 9 3

Micropanope spinipes 2
Monoporeia 3
Nassarius 1

Notomastus 33

Ophiactis 3 3 2
Ophiothrix 1

Paraonoipediae. 1

Phyllodoce 1

Poecilochaetus 3 2 1
Prionospio 157 3 3 10 4
Pulliela 11

Scina 3
Scoloplella 3 2

Sigambra 5 34

Sthenelanella 2 5

Syllidia 1

Tanais 1 3
Terebellidae. 1

Thyonidium 3

Thysanoessa 2
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Figure 2. Distribution of traits for each station. Refer to Table 1 for labels

such as Capitellids, Cirratulids and Spionids are well-known to feed on detritus and absorb
nutrients underneath sediment (Huang et al., 2012). They form tubes that transverse across
sediment to absorb the nutrients, thus bearing the sub-surface deposit feeder (SSDFr)
modality. These polychaetes are readily found in greater abundance in sediment with
smaller size particle (Otegui et al., 2016). Guan et al. (2014) reported higher percentage
of Sedentaria polychaetes in Sungai Pulai estuary which had less human intrusion.
Mohamamad and Jalal (2018) also reported similar percentage of Sedentaria polychaetes
in Pahang estuary, but unlike Sungai Pulai, it was the centre of human activity and the
Errantia polychaetes were only found further off towns in Sungai Pahang. Smaller sediment
size allowed easier propagation and settlement of Sedentaria polychaetes. Coupled with
direct development trait, the taxon’s larvae able to easily burrow into sediment and depend
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on nutrients, ultimately enable them to grow indiscriminately without problem, regardless
the condition of the sediment, unpolluted or otherwise (Fadhullah & Syakir, 2016).

Conversely, Surface deposit feeder (SDFr) modality encompassed all phyla in this study,
but majority of these taxa associated with this trait were not entirely exclusive (fuzzy coding
3), but rather preferable (fuzzy coding 2) with only Thyodinium sea cucumber qualified as
exclusive to this modality (Gonzalez-Wangiiemert et al., 2016). All polychaetes found in
this study were associated with this modality (except Terebellid polychaete) but showed
minor preference to this modality (fuzzy coding 1), including Sedentarian polychaetes
as mentioned before. Brittle star, polychaete and gastropod taxa found in this study were
commonly known for burrowing underneath sediment for wide range of purpose, from
searching for food to protection from predators (Jumars et al., 2015; Roche et al. 2016). The
idea of identifying macrobenthos’ burrowing behaviour have long been investigated. Zorn
et al. (2010) observed and reported movement of burrowing polychaetes in sediment. The
polychaetes observed, were shown to be revolving throughout the sediment, forming tubes
along their way, and occasionally returned to the same tubes to forage food particles that
might come from surface above which dispersed into the sediment via bioturbation. Zorn
et al. (2010) also noted these polychaetes’ immediate burrowing response when detecting
light intensity in the vicinity. Boos et al. (2010) focused similar behaviour, but towards
brittle star, but unlike Zorn et al. (2010), variation of sizes in brittle star genera showed
different burrowing strategies, in which smaller Ophiroids such as Ophiactis performed
burrowing solely to avoid predation and deposit feeding, but larger genera done so to hunt
for meiobenthos such as polychaetes and smaller arthropods.

Station 1 and 2 recorded the highest modality for non-motile (nM) in adult mobility
trait and asexual (Asex) in reproduction technique trait. Similarly, Capitellid, Cirratulid
and Spionid polychaetes contributed to higher taxa abundance in all stations especially in
stations 1 and 2 (Faulwetter et al., 2017). These polychaetes are generally smaller-sized
and prefer sediment with higher percentage of small-sized sediment for easier settlement
and foraging (Figure 3) (Idris & Arshad, 2013). A study by Wouters et al. (2018) in
Southeastern coast of Brazil showed an increasing trend of Cirratulids, Capitellids and
Spionid polychaetes across the continental slope, and highest intensity at flat beaches with
lesser wave exposure and smaller-sized sediment grain in which the polychaetes would
find easier to settle.

Lastly, for ecological group trait, second order opportunistic (IV) modality showed the
highest modality in all stations, particularly in station 1. Station 2 and 3 showed highest
modality for tolerant (I1T) modality. Borja et al. (2009) introduced AZTI Marine Biotic Index
(AMB]I) as an ecological index suitable to define marine taxa based on their availability in
certain ecological area under specific circumstances. The group number in AMBI index
determines which type of ecological area the taxa prefer to, or more readily available on.
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Figure 3. Particle size distribution for sediments in all stations in this study

For instance, Caulleriella polychaete in this study was classified as tolerant ecological
group (III). This group indicates that the polychaete can be found in ecological zone where
there are less ecological stresses (i.e., pollution problem). On the other hand, Cirriformia,
another polychaete genus, was identified as second-order opportunistic group (IV), which
means the genus was readily available in ecological zone that contained certain level of
ecological stress (Galanidi et al., 2016). Notable study related to AMBI in Malaysia was
conducted by Sany et al. (2015) toward benthic communities in Port Klang, focusing on
assessing ecological quality of seafloor habitat. They measured the level of disturbance in
the region by composing an assemblage of benthic taxa that had been ranked according
to their respective ecological group (I to V), in which they concluded that the benthic
communities in the area were overall still in tolerable condition due to lesser number
of individuals in taxa ranked ecological I and II but higher number in taxa ranked III to
V. Linares et al. (2018) assessed BTA toward benthic assemblages at a deactivated dam
within Pandeiros River, Brazil. The study identified increase of non-native genera mollusks
such as Asian Clam (Corbicula fluminea) and Red-Rimmed Melania Snail (Melanoides
tuberculata), possibily originating from anthropogenic activities such as aquarium trade
and ejection from removal of biofouling off boats into water. BTA assessment indicated
that these taxa possessed scavenging traits, smaller bodies, and capable of tolerate changes
of water quality in terms of pH and temperature (Ecological Group I).

Assessment for Ecological and Functional Diversity

Station 1 recorded the highest macrobenthos density (21000 ind./m?), while Station 4
showed the lowest (1086.96 ind./m?). While station 3 accounted highest taxa number in
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all stations, station 5 accounted to highest in all ecological indices (Table 3). There was
significant different in macrobenthos density between stations (one-way ANOVA, p<0.05).

Unlike the diversity index, functional diversity’s purpose is to assess the variation and
range of traits or characteristic of taxa within the ecosystem (Tilman, 2001). Higher FD
indicates higher variations of traits shown by existing taxa within the area, i.e., chances
of finding two different taxa with two different modalities from a trait become higher.
FD in body shape trait was highest in Station 5, followed by feeding mode trait and adult
mobility in station 6, reproductive technique trait in station 1, larval development trait in
station 5 and lastly ecological group trait in station 4 (Table 4).

The ecological group data was significantly differed between stations (one-way
ANOVA, P<0.05). All stations showed very large difference between all five modalities in
ecological group trait. Large differences between AMBI ecological groups were also seen in
other study such as Pilo et al. (2016), where there were distinct differences between benthic
taxa sensitive, resistant, tolerant, and opportunistic in Tagus estuary, Portugal throughout
the year. Pilo et al. (2016) noticed distinct changes of stress-tolerant ecological group and
second-order opportunistic ecological group (I'V) across the time.

Table 3
Ecological Indices for benthic communities in seafloor northwards of Port Klang
Station Taxa No. Taxa Density H' J' D D,,
St1 11 21000.00 1.61 0.45 0.76 1.62
St2 10 7347.83 1.30 0.33 0.59 1.95
St3 13 5043.48 1.98 0.56 0.81 2.52
St4 8 1086.96 1.76 0.72 0.77 2.18
St5 10 1260.87 2.19 0.89 0.88 2.67
St6 9 1130.43 2.06 0.87 0.86 2.46
Table 4
Functional Diversity (FD) of traits in stations
Station Body Feeding Adult Reproductive Larval Ecological
Shape Mode Mobility Technique Development Group
St1 0.05 0.18 0.60 0.61 0.20 0.56
St2 0.11 0.22 0.49 0.40 0.19 0.52
St3 0.31 0.23 0.44 0.38 0.59 0.69
St4 0.30 0.65 0.56 0.48 0.60 0.73
St5 0.56 0.57 0.55 0.50 0.63 0.72
St6 0.57 0.66 0.70 0.45 0.60 0.70
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Ecological Functioning of Benthic Communities in Seafloor Northwards of Pulau
Indah, Klang with Regards to Environmental Parameters

Principal component analysis and its eigenvalue showed ordination of modalities within all
six stations in this study (Figure 4, Table 5). Station 1 was located at the mouth of Klang
River and closest to Southpoint, one of the main ports in Port Klang. Station 1 was also
attributed to multiple modalities, in which each of modalities were attributed to this station
due to dominance of polychaetes and smaller percentage of gastropods (Table 6). Dominant
polychaete genera in station 1 were Mediomastus (Family Capitellidae), Caulleriella and
Cirriformia (Cirratulidae), and Prionospio (Spionidae). Besides possessing vermiform
body shape, these polychaete genera generally live-in burrow and non-motile throughout
their lifetime, deposit feeder, reproduce asexually (except Mediomastus) and rather possess
direct development from larvae to adult form (Fauchald, 1977; Faulwetter et al., 2017;
Mikac, 2015). Mediomastus and Caulleriella were tolerant ecological group (III) while
Cirriformia and Prionospio were second-order opportunistic group (IV). Both Cirriformia
and Prionospio polychaetes were known to be very common in sediment closer to industrial
zones and sewage area, where the zone’s sediment content might restrict movement and
settlement of benthic taxa sensitive and tolerant towards ecological stresses (Musale &
Dessai, 2011). Rosli et al. (2016) showed similar report of higher abundance of Spionid,
Capitellid and Cirratulid polychaetes at offshore Pekan, Pahang and Dungun, Terengganu
coast and Kudat-Balambangan Island in Sabah, where smaller sediment size were more
prevalent due to further proximity towards shoreline.

Station 2 was attributed towards globose modality (Gb), and two reproductive
techniques i.e., sexual gonochoric (Sex_G) and sexual hermaphrodite gonochoric (Sex H).
Station 2 was located between the eastern end of Pulau Indah and western end of mainland
Klang and known to be one of the main routes for ships originating from Southpoint (Sany
et al., 2014). Globose modality in this station was contributed by abundance of Cerithium
snail, which was common in sediment with higher percentage of smaller-sized particles
(Reid & Claremont, 2014). Unlike in station 1, station 2 had both Errantian and Sedentarian
polychaete groups, with most Errantian polychaetes such as Funice (family Eunicidae),
Scoloplella (family Orbiniidae), Ancistrosylis and Sigambra (family Pilargidae) and
Sthenelanella (family Sigalionidae) all utilized sexual reproduction via mating between
two sexes instead of hermaphrodite (Blake & Arnosfsky, 1999).

Station 3 was attributed towards brooding modality (Br) and sensitive ecological
group (I). Both modalities were closely attributed to the gastropod taxa, which were
mostly abundant in this station than others. Station 3 was located south to station 2, and
closer towards the mouth of Langat River. Next, station 4, located between waterways
from three ports (Southpoint, West Port and North Point), was attributed towards dorsally-
ventrally compressed (DvC), carnivore-omnivore (CrOm), scavenger (ScV), crawler (Cw),
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lecithotrophic (Le) and tolerant ecological
group (II). Benthic community in station 4
comprised some non-polychaete taxa such as
Ophiactis and Braychuran crab which might
contribute to dorsally ventral compressed
modality (Fujita & Irimura, 2015). This
body shape is exclusive in arthropods
and echinoderms but also found in some
polychaete taxa such as Micronepthys
(family Nepthyidae) and Syllidia (family
Eunicidae). All taxa found in this station
were all exclusively predators and except
Ophiactis which is scavenger (Faulwetter
et al., 2017). Majority of polychaetes in
this station was Errantian, and possess
visible parapodia, and combined with other
non-polychaete taxa Ophiactis brittle star
and Paraonoipediae crab), contributed
towards crawling modality in this study (Ng,
2017). Errantian polychaete are common
in intertidal zone or in seafloor closer to
estuaries, rocky shore, and coral reefs
(Gholizadeh, 2012: Polgar et al., 2015), in
which both studies reported higher Errantian
polychaetes at rocky shores nearby beaches
of Penang, and former coral reef site in
Jeram Beach, Selangor.

Next, station 5 was attributed to
dorsal-ventrally-compressed body (DvC),
scavenger (ScV) and carnivore-omnivore
(CrOm) feeding behaviour, crawler (Cw)
and walker (Wk) adult mobility and
lecithotrophic (Le) larval development
modality. Station 5 was located between the
west side of Pulau Indah, and the east side
of Pulau Kelang. Majority of taxa found
in this station included several Errantian
polychaetes such as Eurythoe, Glycera,
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Table 5
Eigenvalue scale for PCA analysis in Figure 3

PC Eigenvalue % variance
1 0.232 52.575
2 0.120 27.161
3 0.054 12.169
4 0.022 4.951
5 0.008 1.885
6 0.006 1.259
Table 6

List of modalities attributed to the closest sampling
stations in this study. (Refer to Table 1 for labels)

Station Trait Modality

St1 Body Shape A%
Feeding Mode SDFr, SSDFr
Adult Mobility Bw, nM
Reproductive Asex
Technique
Larval DD, P1
Development
Ecological Group  III, IV

St2 Body Shape Gb

St3 Reproductive Sex_G, Sex_H
Technique
Adult Mobility Br
Ecological Group I

St4 Body Shape DvC
Feeding Mode CrOm, Sc¢V
Adult Mobility Cw
Larval Le
Development
Ecological Group II

StS Body Shape DvC
Feeding Mode CrOm, ScV
Adult Mobility Cw, Wk
Larval Le
Development

St6 Body Shape LtC
Feeding Mode FIFd
Adult Mobility Sw, Wk

Ecological Group V
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Figure 4. PCA ordination for all modalities on benthic communities in seafloor northwards of Pulau Indah,
Klang

Goniada and Sthenalanella which were known to hunt for smaller benthos in sediment
and known to propagate across sediment via crawling (Cw) movement, except Ophiactis
which contributed to scavenger (ScV) and walker (Wk) modality (Gammal et al., 2017).

Lastly, station 6 was attributed towards laterally compressed body shape (LtC), filter
feeding (FIFd), swimmer (Sw), walker (Wk) and first-order opportunistic ecological group
(V). Station 6 was also located between Pulau Indah and Pulau Kelang, but unlike station
5, this station was closer to several small estuaries from Pulau Kelang. Apart from smaller
number of taxa (n=9), individual numbers of benthic taxa were also small. Population of
benthic community in this station contained almost equal number of polychaete and non-
polychaete genera. Both laterally compressed body shape, filter feeding, and swimmer
modality were contributed by amphipod Monoporeia and tanaid Tanais, and like station 5,
walker modality was contributed by brittle star Ophiactis (Gammal et al., 2017). Previous
study by Norhayati et al. (2009) showed higher abundance of benthic community inhabiting
mangrove areas of Pulau Kelang, which might explain the splinter of these genera in this
region. Brittle star Ophiactis and non-Brachyura arthropods (amphipod and tanaid) were
commonly found in Malaysian estuaries and intertidals with shallower depth (less than 20
m), as shown in reports by Fujita and Irimura (2015) and Yap et al. (2020) for brittle star
and amphipods, respectively.

Pearson Correlation Analysis indicated that very fine sand (0.063 mm) showed
significant correlation towards laterally compressed (LtC) and swimmer (Sw) modality
(Table 7). Laterally compressed body shape is common for arthropods with streamlined
body such as amphipods and copepods. This body shape enables these taxa to manoeuvre
both water current and sediment. Smaller Arthropod taxa such as Monoporeia, Thysanoessa
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Table 7

Pearson Correlation Table between trait modalities and environmental parameters assessed in this study.
Refer to Table 1 for labels. * indicates significant correlation at 0.01 (two-tailed) and ** indicates significant
correlation at 0.05 (two-tailed)

Salinity Depth TOC VES FS CS VCS G
DvC -0.15 -0.33 -0.07 -0.46 -0.08 0.62 -0.32 0.10
LtC 0.50 0.93" 0.17 0.86" -0.03 -0.62 0.38 -0.49
Gb -0.58 -0.37 0.29 -0.47 -0.41 0.98"™ -0.20 0.37
Vf -0.77 -0.46 0.38 -0.41 -0.42 0.76 -0.03 0.60
FIFd 0.70 0.50 0.78 0.75 -0.71 -0.23 0.96™ -0.37
CrOm -0.09 0.23 -0.32 -0.12 0.29 0.22 -0.51 -0.35
SDFr -0.78 -0.48 0.37 -0.46 -0.43 851" -0.08 0.59
SSDFr -0.75 -0.45 0.38 -0.39 -0.42 0.73 -0.01 0.61
ScV 0.12 -0.03 -0.30 -0.25 0.24 0.23 -0.41 -0.42
Sw 0.46 0.93" 0.14 0.84" -0.01 -0.60 0.35 -0.40
Bw -0.68 -0.37 0.42 -0.31 -0.51 0.76 0.05 0.76
Cw -0.08 0.03 0.08 -0.20 -0.16 0.61 -0.24 -0.28
Wk 0.12 0.64 -0.34 0.46 0.44 -0.62 -0.15 -0.21
nM -0.75 -0.48 0.34 -0.42 -0.36 0.69 -0.04 0.50
Asex -0.74 -0.47 0.32 -0.41 -0.32 0.62 -0.04 0.46
Sex_G -0.70 -0.36 0.41 -0.36 -0.51 0.87" -0.03 0.69
Sex_H -0.54 -0.26 0.39 -0.32 -0.51 0.92" -0.06 0.53
Pl -0.69 -0.32 0.44 -0.25 -0.50 0.69 0.08 0.73
Lc -0.05 -0.12 -0.21 -0.35 0.13 0.44 -0.43 -0.31
DD -0.77 -0.51 0.34 -0.46 -0.37 0.75 -0.07 0.51
Br -0.56 -0.10 0.29 -0.28 -0.38 0.89" -0.20 0.31
I -0.94" -0.49 -0.10 -0.66 0.01 0.81 -0.57 0.57
I -0.31 0.17 0.66 0.11 -0.73 0.78 0.25 0.31
111 -0.77 -0.50 0.33 -0.49 -0.36 0.81" -0.12 0.38
v -0.74 -0.42 0.39 -0.35 -0.44 0.72 0.01 0.70
\% 0.88" 0.51 0.59 0.78 -0.54 -0.46 0.92" -0.32

and Tanais were common at seafloor rather than the surface, and preferred sediment with
smaller sediment size, in which they utilize the sediments’ nature for foraging detritus
via filter feeding (Navarro-Barranco & Hughes, 2015). The Tanaid shrimp (7anais),
Pontoporeiid amphipod (Monoporeia), and krill (Thysanoessa) were common in Malaysian
water and were in higher abundance in nutrient-rich estuaries such as Pulau Kelang,
Selangor (Norhayati et al., 2009) and Mengabang Telipot river, Terengganu (Ramli et al.,
2018).

Coarse sand (0.5 mm) was correlated towards the following modality: globose (Gb),
sexual gonocoric (Sex G), sexual hermaphrodite (Sex H), brooding (Br) and tolerant
ecological group (III). Coarse sand (0.5 mm) is often considered as suitable substrate
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for settlement of macro-sized benthic taxa such as gastropods and arthropods, and even
Errantian polychaetes. This includes suitability for procreation of offspring for the taxa
by general. Bannister et al. (2012) reported noticeable changes of benthic larval spawning
across the Great Barrier Reef, Australia and this fluctuation was attributed to particle size
distribution, with coarse sand (0.5 mm) as suitable substrate for macrobenthic taxa larva
to settle and develop. Coarse sand (0.5 mm) also considered as suitable substrate for
gastropods, as was shown in Genner and Michel (2003) where their study established link
between particle size distributions and sea snail’s assemblage in Cape Maclear, Malawi.
They found that habitat with higher percentage of sediment size less than 0.5 mm contained
more sea snails (Genner & Michel, 2003).

CONCLUSION

This study concludes that vermiform body shape, direct larval development, deposit feeder,
non-motile, asexually reproductive and second-order opportunistic ecological group were
the most dominant sub-traits in this study. While station 1 has the highest taxa density,
station 5 is most diverse. Functional diversity showed that reproductive technique trait
was more diverse in station 1, followed by ecological group in station 4, body shape and
larval development in station 5, and lastly feeding mode and adult mobility in station 6.
PCA analysis indicated stations 1 and 4 attributed majority of modalities assessed in this
study, but none in station 5. Correlation analyses showed multiple modalities strongly
correlated towards size particle distribution, more specifically very fine sediment (0.063
mm) and coarse sediment (0.5 mm), and depth.

Unlike other countries, BTA study is still a new field in Malaysia. Therefore, the data
linked to BTA regarding benthic population in Malaysian water is very inadequate and
lacking. The study could a be a good starting point for the use of BTA, or at least could
serve as a suitable and adequate comparative study for other areas in Malaysia such as in
coral reefs, mangrove biotopes and even waters nearby industrial zones like this study. In
similar fashion as identifying suitable occupation for human population in an area for a
certain period of situations and time, if conducted more frequently and comprehensively,
BTA can serve as time capsule for us to observe certain changes in benthic community in
Malaysian’s water over time.
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