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The commercial value of marine baitworms from Class Polychaeta in Malaysia is not
fully explored. It was previously researched by selected, local and foreign
researchers. Hence, the objectives of the present study are to identify taxonomically
polychaete species used as baitworms in Peninsular Malaysia, and to examine the
biology and ecology of the dominant species.

The study was performed in two phases; the first phase was to systematically identify
polychaete species used as baitworms in Peninsular Malaysia. The second phase
focused on the biology and ecology of a dominant species from June 2011 to
December 2012 at the Morib mangrove area in Selangor, Peninsular Malaysia.
Random transect quadrats across three designated tidal flat areas were used to collect
samples.

A total of seven polychaete species were identified in this study, namely Marphysa
moribidii sp. nov., M. cf. sanguinea, Halla okudai, Diopatra claparedii,
Namalycastis rhodochorde, N. cf. abiuma and Perinereis cf. nuntia. Marphysa
moribidii sp. nov. was named and described in this study while M. cf. sanguinea, N.
cf. abiuma and P. cf. nuntia had close similarities with the existing species. All
species are new records in Malaysia with the exception of D. claparedii and N.
rhodochorde which were previously reported in Kedah and Sabah respectively.
Marphysa moribidii sp. nov. is the dominant baitworm species collected by the bait
diggers and have a wide distribution across the west coast of Peninsular Malaysia.



The population of M. moribidii sp. nov. in Morib mangroves, was mostly confined in
the upper tidal flat (UTF) area, particularly within the patchy microhabitat, which
was identified as polychaete niche (PN). The microhabitat was characterised by
having a high percentage of total organic matter, water content, silt and very fine
sand. It was also located around the stilt roots of Rhizophora apiculata, providing
protection from potential predators. Allometry analyses indicate that the growth of
the species followed an allometric pattern. The maximum life span (tmax) was two
years with growth constant (K) of 1.5 year™. The Bhattacharya and NORMSEP
analyses concluded that there were two major spawning events occurred in 2012,
although the von Bertalanffy Growth Function (VBGF) was only able to detect one
spawning event.

The male and female ratio was close to 1:1. The gametogenesis processes were
asynchronous in both sexes. Fecundity data revealed that there were two spawning
seasons occurred during the study period.

Marphysa moribidii sp. nov. exhibited subsurface deposit feeding with high
percentage of organic matter found in its intestinal contents. It also practices
selective feeding by consuming a higher percentage of very fine sand compared to
other sediments size classes. This sediments size class was chosen by M. moribidii
sp. nov. for its high surface volume ratio which allowed more surfaces for organic
coatings.

In summary, several aspects covering the systematics, biology and ecology of marine
baitworms, in particular, M. moribidii sp. nov. in Peninsular Malaysia, have been
documented in this study. Results obtained indicated that the biology and ecology of
M. moribidii sp. nov. in Morib mangrove were interrelated. Moreover, the biological
characteristics of M. moribidii sp. nov. meet all the criteria for commercial baitworm
species. Nevertheless, more studies are needed to grasp a better understanding of the
species, to allow correct resource management and to carefully consider the
possibility of rearing the species in an artificial environment.
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Nilai komersil umpun-umpun umpan marin dari Kelas ‘Polychaeta’ di Malaysia
masih tidak dikaji dengan lengkap. Ini kerana kajian awal ke atas ‘polychaete’
dijalankan secara selektif oleh penyelidik tempatan dan luar negara. Matlamat kajian
ini adalah untuk mengenalpasti melalui taksonomi spesis ‘polychaete’ yang
digunakan sebagai umpun-umpun umpan marin di Semenanjung Malaysia dan
memahami biologi dan ekologi spesies umpun-umpun umpan marin yang utama.

Kajian dijalankan melalui dua fasa; fasa pertama untuk mengenalpasti spesies
‘polychaete’ yang digunakan sebagai umpun-umpun umpan marin di Semenanjung
Malaysia. Fasa kedua pula melibatkan kajian ke atas biologi dan ekologi satu spesies
dominan di kawasan bakau Morib bermula dari Jun 2011 sehingga Disember 2012.
Sampel dikutip menggunakan keadah kuadrat transek rawak merentasi tiga kawasan
dataran pasang surut yang ditetapkan terlebih awal.

Tujuh spesies ‘polychaete’ dikenalpasti melalui kajian ini iaitu Marphysa moribidii
sp. nov., M. cf. sanguinea, Halla okudai, Diopatra claparedii, Namalycastis
rhodochorde, N. cf. abiuma dan Perinereis cf. nuntia. Marphysa moribidii sp. nov.
adalah spesies yang baru diberi nama dan dicirikan melalui kajian ini. Marphysa cf.
sanguinea, N. cf. abiuma dan P. cf. nuntia pula mempunyai persamaan dengan



spesies yang telah dikenalpasti. Selain daripada D. claparedii dan N. rhodochorde
yang masing-masing telah direkodkan di Kedah dan Sabah, spesies ‘polychaecte’
yang dijumpai dalam kajian ini direkodkan buat pertama kali di Malaysia. Marphysa
moribidii sp. nov. merupakan spesies dominan yang diambil oleh pencari umpun-
umpun umpan marin dan mempunyai taburan terluas di persisiran pantai barat
Semenanjung Malaysia.

Populasi M. moribidii sp. nov. di kawasan bakau Morib kebanyakannya bertumpu di
kawasan ‘upper tidal flat’ (UTF), khususnya di habitat mikro yang dikenali sebagai
‘polychaete niche’ (PN). Mikro habitat ini mempunyai ciri Seperti peratusan
kandungan bahan organik, air, selut serta pasir sangat halus yang tinggi. la juga
berada di dalam kawasan akar jangkang Rhizophora apiculata, dipercayai
memberikan perlindungan kepada M. moribidii. Analisis alometri menunjukkan
bahawa corak pertumbuhan M. moribidii sp. nov. adalah alometrik. Jangka hayat
maksimum M. moribidii sp. nov. di kawasan bakau Morib (tmax) ialah dua tahun
dengan kadar pertumbuhan (K) sebanyak 1.5 tahun™. Analisis ‘Bhattacharya’ dan
‘NORMSEP’ menunjukkan terdapat dua musim peneluran utama berlaku dalam
setahun. Walaupun begitu, ‘Fungsi Pertumbuhan von Bertalanffy’ (VBGF) hanya
dapat mengesan satu musim peneluran sahaja.

Nisbah di antara jantan dan betina menghampiri 1:1. Proses gametogenesis berlaku
secara tidak berturutan di dalam kedua-dua jantina. Analisis data fekunditi mendapati
terdapat dua musim peneluran berlaku sepanjang tempoh kajian dijalankan.

Marphysa moribidii sp. nov. mengamalkan pemakanan deposit bawah permukaan
berdasarkan kepada kadar peratusan bahan organik yang tinggi dijumpai di dalam
kandungan saluran pemakanannya. Spesies ini turut mengamalkan pemakanan
memilih berdasarkan dengan peratusan kandungan pasir sangat halus yang lebih
tinggi berbanding dengan sedimen kelas lain di dalam saluran pemakanan. Sedimen
kelas ini mempunyai nisbah permukaan dan isipadu yang tinggi berbanding dengan
sedimen kelas lain bagi pelekatan selaput organik.

Kesimpulannya, beberapa aspek meliputi taksonomi, biologi dan ekologi umpun-
umpun umpan marin terutamanya M. moribidii sp. nov. di Semenanjung Malaysia
telah berjaya direkodkan di dalam kajian ini. Keputusan yang diperolehi
menunjukkan biologi dan ekologi M. moribidii sp. nov. di kawasan bakau Morib
adalah saling berkaitan. Selain itu, ciri biologi M. moribidii sp. nov. menepati semua
kriteria yang perlu sebagai spesies yang mempunyai nilai komersil. Walau
bagaimanapun, kajian lanjutan perlu dilakukan untuk memahami spesies ini dengan
lebih mendalam bagi membolehkan pengurusan sumber yang tepat dan kemungkinan
untuk penternakan di persekitaran buatan.
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Figure
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General morphology of Polychaeta. i: the body plan of a
polychaete, dorsal view; ii: anterior view of one of the repeated
segments, showing the parapodia in the lateral position. A: Pre-
segmental region (including Pr: prostomium and Pe:
peristomium); B: Metastomium — repeated segments; C:
Pygidium - extreme posterior. Nt: notopodium; Ne:
Neuropodium; Dr: dorsal (orientation); V: ventral (orientation).
Dashed lines on (i) indicate the septa; from Fauchald (1977).

Anterior sections of polychaetes including the pre-segmental
(prostomium and peristomium) and early repeated segments of
metastomium. Note the variety of pre-segmental shapes and
accessories in different families. (a) Cossura candida
(Cossuridae) (Hartman, 1955); (b) Scleorcheilus antarcticus
(Scalibregmatide) (Ashworth, 1915); (c) Tauberia gracilis
(Paraonidae) (Hartman, 1953); (d) Branchiomaldane simplex
(Arenicolidae) (Imajima, 1988); (e) Amphiduros pacifica
(Hesionidae) (Hartman, 1961); (f) Pareurythoe americana
(Amphinomidae) (Hartman, 1951b); (g) Protodorvillea
kefersteini (Dorvilleidae) (Rasmussen, 1973); (h) Boccardia
basilaria (Spionidae) (Hartman, 1961); (i) Aphelochaeta
monilaris (Cirratulidae) (Hartman, 1960); (j) Terebella flabellum
(Terebellidae) (Mclntosh, 1885); (k) Fabricinuda limnicola
(Sabellidae) (Hartman, 1951a); from Rouse and Pleijel (2001)

Diversity on parapodia of Polychaeta. Note that in some species,
certain accessories or ramus are absent. (a) Cossura candida
(Cossuridae) (Hartman, 1955); (b) Leitoscoloplos kerguelensis
(Orbiniidae) (Hartman, 1953); (c) Branchiomaldane simplex
(Arenicolidae) (Imajima, 1988); (d) Pareurythoe americana
(Amphinomidae) (Hartman, 1951b); (e) Amphiduros pacifica
(Hesionidae) (Hartman, 1961); (f) Schistomeringos nigridentata
(Dorvilleidae) (Oug, 1978); (g) Spio punctata (Spionidae)
(Hartman, 1961); (h) Sabella pavonina (Sabellidae) (Mettam,
1968); (i) Amphicteis vestis (Ampharetidae) (Hartman, 1965);
from Rouse and Pleijel (2001)

Common types of Polychaeta chaetae showing variations. a — d:
capillary group; e — i. spine group; j: pectinate (brush/comb
like); k — I: lyrate group; m — o: compound group; p — s: hook
group; t — u: uncini group. (a) Cossura candida (Cossuridae); (b)
Lumbrineris nonatoi (Lumbrineridae); (c) and (t) Chitinopoma
occidentalis (Serpulidae), (d) Orbinia johnsoni (Orbiniidae); (e)
and (k) Sclerobregma branchiate (Scalibregmatidae); (f)
Laetmonice producta (Aphroditoidea); (g) Lepidonotus
wahlbergi (Aphroditoidea); (h) Phyllochaetopterus hermani
(Chaetopteridae); (i) Chauvinelia biscayensis (Acrocirridae); (j),
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3.1

3.2

3.3

3.4

3.5

3.6

4.1

(n) and (p) Eunice magellanica (Eunicidae); (1) Scoloplos rubra
(Orbiniidae); (m) Ceratocephale edmondsi (Nereididae); (0)
Macrochaeta clavicornis (Acrocirridae); (q) Notomastus tenuis
(Capitellidae); (r) Euclymene campanula (Maldanidae); (S)
Myriowenia gosnoldi (Oweniidae); (u) Streblosoma atlanticus
(Terebellidae). (a) from Hartman (1955); (b) from Ramos
(1976); (c) and (t) from Hartman (1948); (d) from Hartman
(1957); (e), (k) and (s) from Hartman (1965); (), (9), (j), (n) and
(p) from Mcintosh (1885); (h) from Bhaud (1977); (i) from
Laubier (1974); (I) from Hartman (1951b); (m) from Hartman
(1954); (o) from Caullery and Mesnil (1898); (q) from Hartman
(1947); (r) from Hartman (1961); (u) from Hartman and
Fauchald (1971); from Rouse and Pleijel (2001).

Flowchart of study on diversity, biology and ecology of marine
baitworms in the Peninsular Malaysia

Sampling locations for a diversity of marine baitworm in
Peninsular Malaysia. A — N: Samples were collected (*) or
purchased (#) at or near the natural habitat (harvest locations are
known); 1 — 12: Samples were bought at the fishing shops
(harvest locations are unknown).

Baseline and details of sampling areas in Morib mangrove,
Selangor.

Cross section of sampling areas on June 2011 (transect line no.
1) at Morib mangrove, Selangor. MHWS: mean high water
spring, LTF: lower tidal flat, MTF: middle tidal flat, UTF: upper
tidal flat

Monthly rainfall data for central part of Straits of Malacca.
Values are average of four years data (2010 - 2013), recorded
from Banting Palm Oil Research Station, the nearest weather
recording station, approximately 11 km from Morib mangrove.
SW = Southwest monsoon season, NE = Northeast monsoon
season, IM = intermonsoon period. Dashed line indicates annual
average rainfall (Data supplied by the Malaysian Meteorological
Department)

Timeline of sampling and data collection of this study. Note the
random transects, quadrats and stratified samplings at Morib
mangrove.

Mean and standard error (SE) of [A] seawater salinity (PSU) and
[B] dissolved oxygen (mg/L) from interstitial seawater at Morib
mangrove, Selangor. LTF = lower tidal flat, MTF = middle tidal
flat, UTF = upper tidal flat, PN = polychaete niche, n = number
of samples. Means and SE with same letter on the bar are

Xvii

22

23

24

25

27

28

33



4.2

4.3

4.4

4.5

4.6

5.1

5.2

significantly different (p<0.05).

Soil texture classification of sampling areas for sediments in [A]
upper layer (0 — 18 cm) and [B] lower layer (19 — 36 cm). Means
and SE bars are shown based on the percentage (%) data. LTF =
lower tidal flat, MTF = middle tidal flat, UTF = upper tidal flat,
PN = polychaete niche

Mean and SE for [A], [B] water content (%) and total organic
matter (TOM; %) [C], [D] in the sediments of Morib mangrove,
Selangor from June 2011 to December 2012. LTF = lower tidal
flat, MTF = middle tidal flat, UTF = upper tidal flat, PN =
polychaete niche, n = number of samples. Means and SE with
same letter are significantly different (p<0.05).

Mean and SE of [A] subsurface temperature (°C), [B] pH and
[C] redox potential, Eh (mV) from Morib mangrove, Selangor.
LTF = lower tidal flat; MTF = middle tidal flat, UTF = upper
tidal flat, PN = polychaete niche, n = number of samples. Means
and SE with same letter are significantly different (p<0.05).

Figure 4.5. Sediments nutrients at Morib mangrove. [A] Total
nitrogen (%) and [B] extractable phosphorus. Values are mean
with SE. LTF = lower tidal flat, MTF = middle tidal flat, UTF =
upper tidal flat, PN = polychaete niche, n = number of samples.
Means and SE with same letter are significantly different
(p<0.05).

Mean values and SE of [A] air temperature (°C), and [B] light
intensity (Lux) at Morib mangrove. LTF = lower tidal flat, MTF
= middle tidal flat, UTF = upper tidal flat, PN = polychaete
niche, n = number of samples. Means and SE with same letter
are significantly different (p<0.05).

Marphysa moribidii sp. nov. [A] anterior segment, lateral view.
Note on the white spots on the epidermis of the specimen; [B]
anterior section, dorsal view, showing palpophore (1) and
ceratophores (I1); [C] mandible; [D] maxillae. [A, B, C] from
non-type specimens; [D] from holotype (AM W43731). All
specimens are from Morib mangrove. Mx = Maxillae. Scale
bars: [A, B, C, D] =1 mm

Marphysa moribidiii sp. nov. [A] limbate and simple capillary
chaetae, chaetiger 3; [B] symmetrical pectinate chaeta on the
supra-position (arrow), chaetiger 50; [C] asymmetrical pectinate
chaetae (arrow), chaetiger 10; [D] whole parapodium with
branchia, showing relative length with notopodial cirrus; [E]
sub-acicular hook (arrow), chaetiger 150. Brc = Branchia; Ntp =
Notopodial cirrus; Neu = Neuropodial cirrus. [A, C, D, E] =
Paratype, AM W38692; [B] = Non-type (AM W38687). All
specimens are from Morib mangrove. Scale bars: [A, D, E] =
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100 pm; [B, C] = 20 pm.

Marphysa moribidii sp. nov. [A] details of symmetrical pectinate
chaetae, chaetiger 20; [B] wide toothed pectinate, dorsal view,
chaetiger 400; [C] asymmetrical pectinate chaetae, all types,
chaetiger 456; [D] (arrow) detail of bidentate sub-acicular hook,
chaetiger 98. Asym-bd = asymmetrical pectinate with broad
shaft; Asym-ns = asymmetrical pectinate with narrow shaft; W-
pct = wide pectinate chaetae with wide teeth. [A] = non-type
(AM W38687); [B, C] = holotype (AM W43731), [D] = non-
type specimen. All specimens are from Morib mangrove. Scale
bars: [A] = 3 um; [B, C, D] = 20 pm.

Marphysa moribidii sp. nov. Relationships between body widths
(chaetiger 10 with parapodium). [A] first chaetiger with
branchiae; and [B] first chaetiger with sub-acicular hook.
Regression equations and coefficients are for all data points.

Marphysa cf. sanguinea, anterior and partial of metastomium
regions. Non-type specimen. Morib mangrove, Selangor. Scale
bar: 1.0 mm.

Marphysa cf. sanguinea (AM W38683). [A] anterior parapodia,
showing dorsal and ventral cirri with complete fascicles,
prechaetal lobe is absent, chaetiger 3; [B] details of
heterogomph, serrated compound spinigers, chaetiger 3; [C]
(arrow) symmetrical with slender shaft pectinate chaeta,
chaetiger 10; [D] early mid-body parapodia, showing the growth
area of branchia, chaetiger 50; [E] posterior parapodia, showing
another two types of pectinate chaetae (arrow), I: symmetrical
with broad shaft, 11: asymmetrical with slender shaft, chaetiger
221; [F] (arrow) sub-acicular hook on chaetiger 221. Specimen
from Kg. Tengah, Malacca. Scale bars: [A, D] = 100 um; [B, C,
E, F] = 10 pum.

Diopatra claparedii Grube, 1878. Arrows indicate specific
morphology. [A] anterior section of preserved specimen, antero
ventral view; [B] basal of antennae, showing the location of
nuchal organ; [C] nuchal organ, showing the hairy structures;
[D] detail of antenna, showing the rows of sensory buds; [E]
detail view of a sensory bud. [A] = non deposited specimen; [B,
C, D, E] = AM W38696. All specimens are from Morib
mangrove, Selangor. Scale bars: [A] =1 mm; [B] = 100 um, [C]
=10 um, [D] =20 um, [E] = 2 pm.

Diopatra claparedii Grube, 1878 from Morib mangrove,
Selangor (AM W38696). [A]. chaetiger 1, modified parapodia;
[B]. chaetiger 8, showing the spiral branchia; [C]. chaetiger 1,
showing lateral view of bidentate hooded hooks; [D]. chaetiger
40, showing three types of chaetae (arrows), | = bidantate
hooded hooks, Il = limbate chaetae, Il = pectinate chaetae; [E].
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5.9

5.10

5.11

5.12

5.13

pectinate chaetae from chaetiger 40; [F] sub-acicular falcate,
bidantate hooks, chaetiger 10. Scale bars: [A] = 200 pum, [B], [C]
=50 um, [D] =100 pum, [E, F] =10 pm

Halla okudai Imajima 1967. [A] anterior section of live
specimens showing the body colouration; [B] dorsal view of
anterior section, note the digitiform (finger shaped) of antennae
and the V shaped notch reached the first chaetiger (arrow); [C]
mandibles; [D] (arrows) maxillae. [A] = non deposited
specimen; [B, C, D] = AM W38706. All specimens are from Kg.
Tengah, Malacca. Mx: maxillae. Scale bars: [B] = 500 pum; [C] =
200 pm; [D] =1 mm.

Halla okudai Imajima 1967 from Kg. Tengah, Malacca (AM
W38706). [A] chaetiger 1; [B] chaetiger 10 (lateral view); [C]
chaetiger 50, note the position of prechaetal lobe compared to
chaetiger 1; [D]. Chaetiger 600. Note the long and tapering
notopodium. Scale bars: [A, C] = 100 pum, [B] = 500 um, [D] =
200 pm

Namalycastis rhodochorde Glasby, Miura, Nishi and Junardi,
2007. [A] anterior end, dorsal view; [B] chaetiger 4, fascicles
orientation; [C] chaetiger 60, (arrow) notochaetae; [D] chaetiger
120, smooth neuropodial falciger; [E] chaetiger 4, neuropodial
spinigers () and falcigers chaetae (l1); [F] posterior end; [G]
abnormality in parapodial development, mid body chaetigers
(arrow). [A, C, E] = NTM W24682 from Kg. Tg. Besar, Kuala
Kedah, Kedah; [D, E] = AM W38713 from Kesang Laut, Muar,
Johor, [F] = NTM W24680 from northern part of Peninsular
Malaysia. Scale bars: [A, F, G] =2 mm; [B, D] = 100 um, [C] =
1 mm, [E] =10 um

Namalycastis cf. abiuma (Grube, 1872). [A] anterior end, dorsal
view; [B] opened pharynx showing a pair of jaws; [C] (arrows)
notochaeta (1) and acicula (Il), chaetiger 61, [D] (arrow)
sesquigomph spiniger, chaetiger 60; [E] (arrow) heterogomph
spiniger, chaetiger 3; [F] heterogomph falciger, chaetiger 150;
[G] posterior end, dorsal view. [A, C, G] = NTM W24685, [D,
E, F] = AM W38708, both specimens from Kg. Tg. Agas, Pekan,
Pahang. Scale bars: [A, B, G] =2 mm, [C] =1 mm, [D] = 100
pum, [E] =20 pm, [F] = 10 pm.

Perinereis cf. nuntia (Savigny in Lamarck, 1818). Arrows
indicate specific morphology. [A] anterior end, dorsal view; [B]
opened pharynx, showing (I) jaws and (ll) paragnaths; [C]
chaetiger 3 (anterior parapodium), anterior view; [D]
homogomph spinigers, chaetiger 3; [E] sub-acicular neuropodial
heterogomph spiniger (I), and heterogomph falcigers (l1),
chaetiger 160. [A] = NTM W24683, [B] = non deposited
specimen, [C, D, E] = AM W38710, both specimens are from Bt.
Port Dickson, Negeri Sembilan. Scale bars: [A, B] =2 mm; [C]
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=100 pm; [D, E] = 10 pm.

Example of quadrat (I) used in the study. Note the plastic sheet
(1) next to the quadrat where sediments from the quadrat was
placed for sorting

Morphometric orientation for measurements of Marphysa
moribidii sp. nov. in this study

Spatial density of Marphysa moribidii sp. nov. according to
sampling areas in Morib mangrove. Data is in mean with SE.
Means and SE with similar letter are significantly different
(p<0.05)

Principal Component Analysis of environmental variables at
Morib mangrove. [A] Correlation circle, [B] Biplot. DO =
dissolved oxygen, L = light intensity, M1 = water content (0 — 18
cm), M2 = water content (19 — 36 cm), O1 = total organic matter
(0 — 18 cm), O2 = total organic matter (19 — 36 cm), R = redox
potential, S = salinity, TA = aerial temperature, TS = subsurface
temperature; L = lower tidal flat (LTF), M = middle tidal flat
(MTF), G = general (UTF), PN = polychaete niche (UTF).

Principal Component Analysis of extractable phosphorus and
total nitrogen at Morib mangrove. [A] Correlation circle, [B]
Biplot. P18 = phosphorus (0 — 18 cm), P36 = phosphorus (19 —
36 cm); N18 = nitrogen (0 — 18 cm), N36 = nitrogen (19 — 36
cm); L = lower tidal flat (LTF), M = middle tidal flat (MTF), G
= general (UTF), PN = polychaete niche (UTF)

Principal Component Analysis of sediments size classes at
Morib mangrove. [A] Correlation circle, [B] Biplot. C = clay, CS
= coarse sand, FS = fine sand, MS = medium sand, and VF =
very fine sand; L = lower tidal flat (LTF), M = middle tidal flat
(MTF), G = general (UTF), PN = polychaete niche (UTF)

Monthly density (ind/m2) of Marphysa moribidii sp. nov. and
monthly rainfall (mm) at Morib mangrove. Data were based on
samples collected in PN. Bar column = mean density of M.
moribidii sp. nov.; dotted line = total monthly rainfall throughout
the sampling period; horizontal dashed line = annual mean
rainfall for 2012 (196.5 mm)

BW-frequency distribution of [A] male, and [B] female of
Marphysa moribidii sp. nov. from Morib mangrove between
June 2011 and December 2012.

Relationships between body width at chaetiger 10 (BW) and [A]
peristomium width (PW) and [B] total length (TL) of both male
and female Marphysa moribidii sp. nov. Data is based on actual
value
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6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

7.1

Relationships between total length (TL) and [A] number of
chaetigers (NC) and [B] wet weight (WW) of both male and
female Marphysa moribidii sp. nov. Data is based on actual
value.

Predicted maximum body width at chaetiger 10 (BW) of
Marphysa moribidii sp. nov. at the Morib mangrove

K-scan routine for determination of best growth curvature,
growth constant (K) and growth performance indices (¢”) and
asymptotic length of Marphysa moribidii sp. nov. at Morib
mangrove

Restructured body width-frequency distribution of Marphysa
moribidii sp. nov. population with growth curves superimposed
using ELEFAN-1 for both sexes (male and female)

Body width-frequency histogram of Marphysa moribidii sp. nov.
with separation into normal components (cohorts), computed
using both Bhattacharya and NORMSEP methods. The cohort’s
mean body width at chaetiger 10 is indicated by arrows. Data
from August, September, October, November 2011 and February
2012 were not included in histogram due to a small number of
samples. No sample was collected in December 2011. C1 — C8
represent cohorts.

Modal group progression of cohorts for Marphysa moribidii sp.
nov. (both sexes). C1 — C8 represent mean cohort body width at
chaetiger 10.

Thalassina kelanang, possible predator on M. moribidii sp. nov.
[A] live T. kelanang found during sampling in Morib mangrove.
[B] preserved specimen, total length 150 mm. [B] from Moh and
Chong (2009).

One of the sampling areas identified as a polychaete niche. Note
the density of stilt roots (arrow) of Rhizophora apiculata.

Distribution of Marphysa moribidii sp. nov. and M. cf.
sanguinea at Morib mangrove. LTF = lower tidal flat, MTF =
middle tidal flat, UTF = upper tidal flat including General and
PN.

Proportion between males and females of Marphysa moribidii
sp. nov. in Morib mangrove, Malaysia. No sample was collected
in December 2011. No females were collected in September
2011

XXii

101

103

103

104

106

107

109

109

110

121



7.2
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7.5
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7.7

8.1

8.2

8.3

Oogenesis of Marphysa moribidii sp. nov. histological sections.
Arrows indicate specific morphologies. [A] Ovary located next
to longitudinal muscle (M) on dorsolateral position in chaetiger,
showing previtellogenic oocytes; [B] ovary with late
previtellogenic oocyte (LPVOc), next to vitellogenic oocyte
(VOc). FC = follicle cell; BV = blood vessel. Scale bars: [A] =
50 pum; [B] = 100 um [C] vitellogenic oocytes suspended in
coelomic cavity — note the size differences among oocytes; [D]
mature oocytes (MOc), note large nucleus (N), gradient
distribution of yolk body from centre toward outer cell, and
thickness of vitelline membrane (based on distance between
plasma membrane of two oocytes). PM = plasma membrane.
Scale bars: [C, D] =100 pm.

Spermatogenesis of male Marphysa moribidii sp. nov.
histological slides. Arrows indicates specific morphologies. [A]
Locations of spermatozoa (S) and spermatogonia (Sg) in
coelomic cavity; [B] Details of male germinal cells showing
three stages present in close proximity. LPG = lateral pigment
gland; M = longitudinal muscle; PSCy = primary spermatocytes.
Scale bars: [A] = 50 um; [B] = 100 pum.

Spermatozoa of Marphysa moribidii sp. nov. histological slides.
[A] Individuals spermatozoa in ceolomic cavity, [B] detail of
spermatozoon, showing (I) head section and (11) midpeace. Scale
bars [A, B]: 10 um.

Marphysa moribidii sp nov. Frequency distribution (%) of
oocytes diameter from June 2011 to December 2012, n = 344,

Oocyte diameter for Marphysa moribidii sp. nov. Values are in
mean and SE. Line indicates the monthly rainfall, while dashed
line indicates the mean annual rainfall (mm), n = 344

Oocytes counts for Marphysa moribidii sp. nov. Numbers shown
are based on oocytes found in 10-chaetigers samples. Values are
given in mean with SE. Line indicates the monthly rainfall while
dashed line indicates the mean annual rainfall (mm), n =913

Total organic matter (TOM) in intestinal contents of Marphysa
moribidii sp. nov. from 10 chaetigers. Values are mean weight
(%) with SE. MTF = middle tidal flat, UTF = upper tidal flat, PN
= polychaete niche. ‘a’ denote significant difference (p<0.05)
versus PN (UTF). n =108

Monthly total organic matter (TOM) in intestinal contents of
Marphysa moribidii sp. nov. from PN. Values are mean and SE.

Frequency distribution of sediments sizes found in the intestinal
contents of Marphysa moribidii sp. nov. over the sampling
period. CS = clay and clay; VF = very fine sand; F = fine sand;
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8.4

M = medium sand; Cr = coarse sand. MTF = middle tidal flat,
UTF = upper tidal flat

Monthly frequency distribution (%) of particle size found in
intestinal contents of Marphysa moribidii sp. nov. from PN at
Morib mangrove. CS = clay and silt, VF = very fine sand, F =
fine sand, M = medium sand, Cr = coarse sand
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LIST OF ABBREVATIONS AND SYMBOLS

AM Australian Museum

ANOVA Analysis of variance

Bt. Batu

BW Body width at chaetiger 10 without parapodia

BW., Asymptotic body width at chaetiger 10 without
parapodia

cf. Confer

cm Centimeter

coll collector

CPUE Catch per unit effort

det determinator

DO Dissolved oxygen

ELEFAN Electronic Length Frequency Analysis

FISAT FAO ICLARM Stock Assessment Tools

g Gram

hr hour

ind/m? Number of individuals per meter square

K Growth coefficient of VBGF

Kg Kampung

L. Asymptotic length

L max Predicted extreme length

LTF Lower tidal flat

MAGNT Museum and Art Gallery of Northern Territory

MBW Median body width at chaetiger 10

MgCl Magnesium chloride

m meter

mg/L Milligram per liter

ml mililiter

mm milimeter

mV milivolts

MTF Middle tidal flat

N North

NC Number of chaetigers in complete sample

PCA Principal component analysis

PN Polychaete niche

PRIMER Plymouth Routines In Multivariate Ecological
Research

PSU Practical Salinity Unit

PW Peristomium width

R coefficient of determination

SD Standard deviation

SE Standard error

SEM Scanning electron microscope

Sg. Sungai

SPSS Statistical Package for Social Science

Tg. Tanjung

TL Total length

TOM Total Organic Matter

USDA United States Department of Agriculture
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Wet weight

Zoologische Museum in Berlin, Germany
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Microgram per gram
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CHAPTER 1
GENERAL INTRODUCTION

1.1 Polychaeta in General

Polychaeta (Poly: many; chaeta: bristles) is a dominant Class under the Phylum
Annelida. The Class is very diverse and has high commercial value to be exploited.
Recent studies have promoted Polychaeta to the rank of Phylum, replacing the term
Annelida, since the Class is growing, with more species classified under it (Struck et
al., 2011; Kvist and Siddall, 2013).

Polychaetes have vermiform (wormlike) bodies with three main segments: pre-
segmental (anterior), repeated segments (metastomium) and pygidium (posterior).
The main exterior identification characteristics of the species are the shapes and
accessories of the anterior and metastomium. The variety of morphological features
have divided the polychaetes into more than 80 families, with an additional 174
genera identified from fossils (Read and Fauchald, 2014).

Polychaetes are found in every main habitat of the biosphere, including the
terrestrial, freshwater, and marine (Foster, 1972; Rota, 1997; Glasby et al., 2000).
This wide habitat range has shaped the variability in biological and ecological
aspects of the polychaete, to ensure the survival and sustainability of the species.

The distribution of polychaetes in the marine environment ranges from coastlines,
including salt marshes and mangroves, to hydrothermal vents in deep water (Jones,
1985; Metcalfe and Glasby, 2008). Some species exhibit microhabitat preferences or
patchiness; for example, the whale bone polychaete Osedax species, which is only
found on whale carcasses and bone in the deep sea (Rouse et al., 2004). Meanwhile,
studies on the growth and lifespan of a number of polychaete species have revealed
that the r (high growth rate, many offspring) and k (high carrying capacity, fewer
offspring) life strategies are used, depending on environmental and biological
pressures (Giangrande, 1997).

High polychaete diversity results in great variability in reproduction. Both sexual and
asexual reproductive modes have been observed among species, even within the
same genus (Wilson, 1991). In sexual reproductive mode, the male gamete can be
classified into three types: 1. ect-aquasperm; 2. ent-aquasperm; and 3. introsperm,
while the female oocytes are categorised into two forms: 1. extraovarian and 2.
intraovarian (Jamieson and Rouse, 1989; Eckelbarger, 2006). However, asexual
species can be grouped into two major modes: 1. paratomy and 2. architomy (Glasby
et al., 2000; Eckelbarger, 2005).

Seminal works by Fauchald and Jumars (1979) have divided polychaetes into 24
feeding habits. These habits were later pooled into four major groups, namely
raptorial feeders, non-selective deposit feeders, selective-deposit feeders and filter
feeders (Glasby et al., 2000). Food particles are gathered using structures called
buccal organs. There are additional feeding appendages that function to increase
feeding efficiency, including palps, tentacles, and the tentacular crown (Fauchald and



Rouse, 1997). However, feeding habits are species oriented. Species within the same
genus exhibit different feeding habits and strategies to increase nutrient absorption.

Polychaetes are prominent organisms in the marine ecosystem. Species roles include
being a cardinal food source for migratory birds, bioremediators and bioerosion
agents (lwamatsu et al., 2007; Stabili et al., 2010; Hutchings, 2011).

Humans have exploited polychaetes in various ways, including as bioindicators for
pollution (Dean, 2008), toxicological test organisms (Reish and Gerlinger, 1997),
bait for recreational fishers (Olive, 1994), broodstock food to increase the quality of
juveniles (Olive, 1999), and in some places, as source of food (Caspers, 1984;
Fauchald, 1992). Species with commercial value have been harvested on a large
scale to meet the demand. The commercial harvesting of the sandworm Nereis
(Alitta) virens in Maine, USA, as an example, has occurred since the 1940s; in 2013,
107 metric tonnes were collected, valued approximately USD 1.32 million
(Department of Marine Resources, 2013). In addition, several aquaculture farms
culturing selected polychaete species, such as Topsy Baits B.V. from the Netherlands
(Anonymous, 2014b), were set up to reduce the pressure on the market by providing
a consistent supply of baitworms.

1.2 Justification for the Study

Studies on polychaete species in Malaysia are limited, and publications are mostly on
general taxonomy and ecology (Nakao et al., 1989; Ong, 1995; Sasekumar and
Chong, 1998; Nishi, 2001; Abu-Hena et al., 2006; Zaleha et al., 2009). Specifically,
no work has been done in any aspects of the commercial use of polychaetes in
Malaysia, although demand and commercial harvesting exist.

This study was initiated to reduce the knowledge void and reignite research interest
in polychaetes in Malaysia by focusing on polychaete species in Peninsular
Malaysia. It will potentially provide economic value of attracting interest locally
from both scientific and non-scientific communities.

1.3 Objectives of the Study

The overarching aim of this study is to have a scientific understanding of the
dominant polychaete species used as baitworm in Peninsular Malaysia. Specifically,
the principal objectives of this research, each presented in a separate chapter, are as
follows:

1. To identify and describe of polychaete species used as baits for fishing in
Peninsular Malaysia. This objective also includes the distribution, economical
value and determination of dominant species (Chapter 5).

2. To determine habitat preferences and population structures of the identified
dominant species at selected area (Chapter 6).

3. To understand the reproductive biology of the identified dominant species at
selected area including sex ratio, gametogenesis, oocyte numbers and size
(Chapter 7).



4. To assess the feeding habits of the identified dominant species at selected
area including its feeding mode and selectivity (Chapter 8).

A supporting chapter (Chapter 4) that describes the physico-chemical parameters at a
selected sampling location is included to support the results for objectives 2, 3 and 4.
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