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Abstract of thesis presented to the senate of Universiti Putra Malaysia in fulfilment
of the requirement for the degree of Doctor of Philosophy

LARVAL REARING AND JUVENILE PRODUCTION OF TROPICAL
BLACK SEA URCHIN, Diadema setosum (LESKE, 1778)

By

MOHAMMAD SARIFUDIN BIN ABDUL WAHAB

March 2018

Chairman : Fatimah Md. Yusoff, PhD
Institute : Bioscience

Long-spined black sea urchin Diadema setosum were successfully cultured within 35
days in closed culture system at a culture temperature of 28°C. Complete observations
of their physical characteristics and skeleton structure were done to determine normal
and healthy larvae using this culture method. Trials on environmental effects
discovered the critical range for high survival of this sea urchin larva. On salinity, it
was shown that D. setosum larvae could not survive and develop when salinity is less
than 28 or more than 37 PSU. The best salinity was at 31 PSU. Moreover, fertilization
success decreased with increasing or decreasing salinities. The critical tolerance
temperature for embryonic development was 16 and 34°C for the minimum and
maximum levels, respectively. Among these, 28°C was the best temperature for
growth and development rates in all larval stages. Optimization on culture methods
was done by determining the optimal food concentrations, larval densities, and food
types. Food concentration showed a trade-off relation between arm length and
stomach size of the larvae with a value of -0.955 which was likely due to evolution
plasticity of feeding structures. The best density for survival and development of
larvae culture was 1 larvae/m, leading to a survival of 67.33%. The best microalgae
for D. setosum was Chaetoceros calcitrans, leading to metamorphosis after 35 days,
followed by mixed algae culture (C. calcitrans and Isochrysis galbana) and lastly
Isochrysis galbana. All larvae cultured with Nannochloropsis sp. died before reaching
the late 4-arm stage. Addition of coralline red algae induces highest percentange
settlement of D. setosum as compared other micro algae. This indicates that potent
inducing substances were sufficiently present in red algae. The use of biofilm did not
improve the metamorphosis rate (2-5%) compared to the control. In summary,
findings from this study can be useful to understanding the life cycle of this sea urchin.
Investigations of other environmental factors, such as pH, alkalinity and turbulence,
would likely also help customize optimum conditions for culturing the sea urchin in
closed or open culture systems. Such information may help the farmer to better
develop aquaculture systems for sea urchin culture.
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Landak laut hitam, Diadema setosum telah berjaya dikultur dalam tempoh 35 hari
dalam sistem kultur tertutup pada suhu 28° C. Pemerhatian lengkap terhadap ciri
fizikal dan struktur kerangka landak laut dilakukan untuk mengenalpasti larva normal
dan sihat menggunakan kaedah pengkulturan. Kajian mengenai kesan persekitaran
menemui aras kritikal untuk kemandirian tinggi landak laut. Bagi saliniti, didapati
larva D. setosum tidak dapat hidup dan berkembang pada saliniti kurang dari 28 PSU
dan lebih daripada 37 PSU. Didapati saliniti yang terbaik pada 31 PSU. Selain itu,
kejayaan persenyawaan berkurangan dengan peningkatan atau penurunan saliniti.
Suhu toleransi kritikal bagi pembangunan embrio adalah masing-masing, 16 dan 34°
C untuk tahap minimum dan maksimum. Di dapati suhu 28° C adalah suhu terbaik
untuk kadar pertumbuhan dan perkembangan dalam semua peringkat larva.
Pengoptimuman kaedah pengkulturan dilakukan dengan menentukan kepekatan
makanan yang optimum, kepadatan larva, dan jenis makanan. Kepekatan makanan
menunjukkan wujudnya kompromi di antara panjang lengan dan saiz perut larva
dengan nilai -0.955 yang kemungkinan disebabkan oleh kelelahan evolusi struktur
makan. Kepadatan terbaik untuk kemandirian dan perkembangan kultur larva adalah
1 larva /m, yang membawa kepada kemandirian hidup 67.33%. Mikroalga terbaik
untuk D. setosum adalah Chaetoceros calcitrans, yang membawa kepada
metamorfosis selepas 35 hari, diikuti oleh campuran alga (C. calcitrans dan Isochrysis
galbana) dan terakhir Isochrysis galbana. Semua larva yang diberi Nannochloropsis
sp. mati sebelum mencapai peringkat akhir 4-lengan. Penambahan algae coralline
merah merangsang penempatan paling tinggi D. Setosum berbanding dengan
mikroalga yang lain. Ini menunjukkan terdapatnya bahan perangsang yang kuat pada
alga merah. Penggunaan bioflim tidak meningkatkan kadar metamorfosis (2-4%)
berbanding kawalan. Secara ringkas, penemuan dari kajian ini boleh digunakan untuk
memahami kitaran hidup dari landak laut ini. Ekperimen faktor persekitaran yang lain,
seperti pH, kealkalian dan arus (ombak), mungkin dapat membantu mengoptimalan
keadaaan untuk kultur landak laut dalam sistem tertutup atau terbuka. Maklumat
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sedemikian boleh membantu penternak untuk membangunkan sistem akuakultur yang
lebih baik untuk pengkulturan landak laut.
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CHAPTER 1

INTRODUCTION

Echinoids are the high-valued marine invertebrates that have been used as raw material
to produce foodstuff, in particular, the product of processed gonads known as "Sea
urchin Roe or Uni" (Kaneniwa and Takagi, 1986; Oshima et al., 1986; Ichihiro, 1993).
It has also been considered as a prized delicacy in Asia, Mediterranean countries, and
Western Hemisphere countries such as Barbados and Chile (Lawrence ef al., 1997;
Yur’eva et al., 2003). Peoples in the Asian Pacific Region have used sea urchin gonads
for many years as a remedy for improving health condition, treatment for a number of
diseases and also for increasing the sexual potency of the middle-aged men (Yer’eva
et al., 2003). Gonads of sea urchins have long been considered as one of the luxury
food items in Japan (Shimabukuro, 1991). Some study has proven that sea urchin
gonads are rich in valuable bioactive compounds, like polyunsaturated fatty acids
(PUFASs) and f-carotene (Dincer and Cakli, 2007). Sea urchin fisheries have expanded
so greatly in recent years that the populations of sea urchins around the world have
been overfished (Andrew et al., 2002, 2004). Not surprisingly, the decrease in supply
and the continued strong demand have led to a great increase in interest in aquaculture
of sea urchins, particularly in those areas where their populations have been depleted
(Lawrence et al., 1997, 2001; Robinson, 2004).

Aquaculture activities for marine species do not normally establish until the source
from wild stocks are depleted. When sources become less, high demand may generally
increase the prices up to the point where the investments for establishing a culture
capability are necessary. The illegal overfishing activities by several countries have
resulted in the fishery industry to collapses the in the future (Robinson, 2004). Even
though, the topic of sea urchin culture was discuses only on the periphery of scientific
conferences less than 20 years ago but it has now improvement to the point where
directed conferences on the subject are regularly held because of the continuing
depletion of wild stocks and the relatively high-value product (Robinson, 2004a).

Andrew et al. (2003) documented that land-based sea urchin culture activities have
seen increasing rapidly in recent years. Research into the full-cycle culture of sea
urchins has been carry out, however, while all aspects are biologically feasible, several
logistic and economic issues due to the feeding behaviours and impacts of the urchins
require resolution. Some research about cage culture such study on abalone;
researchers have found that the development rates are double compared to abalone that
harvests from wild but in sea urchin culture some experiments are needed to prove it.
Robinson (2004) also found out that the element that influences the taste of gonad
remains the most elusive subject of study. For example, utilize of wild algae as a last-
stage feed are still necessary for about the final six months to finish off the product so
it has an acceptable taste.



To discover, a better perceptive of echinoids biology and ecology into improved
management is tough, because less of information about it and some are complicated.
These include some details on the oceanographic conditions (temperature, nutrients,
chemistry, feed particle size, predator), currents and weather and also how these are
affecting the sea urchin larvae and it influence on the degree of interconnectedness
amongst the sub-populations (Andrew et al., 2002). Planktonic larvae of sea urchin
usually, spend between 14-40 days swimming and then they will be dispersed over
considerable areas by ocean currents. Dispersion process permitted the hybridization
occurs among the diverse sub-populations within a fishery which gives rise to the
concept of a meta-population as the functional ecological unit of the stock. In sea
urchin fisheries, to maximize their harvest and their prospects of sustainability over
the long-term, they may have to move from large-scale capture fisheries to some form
more intensive management. Andrew et al. (2002), demonstrated that small-scale
management on sea urchin culture has only been implemented in some countries only
(e.g. Japan, Mexico, South Korea and parts of Chile also Nova Scotia).

Compared to other countries, information on sea urchin is still lacking in Malaysia.
Even though there were eight species of sea urchin have been documented in Malaysia’
coral reef community such as Diadema setosum, Echinometra mathaei, Astrophyga
radiate, Toxopneustes pileolus, Echinometrix calamaris, Echinometrix diadema,
Parasalaenia gratiosa and Salmacis sphaeroides (Kee, Universiti Kebangsaan
Malaysia, Bangi, Selangor, Malaysia, pers. Comm.). Among these sea urchins,
Diadema setosum 1s one of the most abundant species in the Straits of Malacca and
South China Sea (Effendi, University of Malaya, Kuala Lumpur, Malaysia and Kee,
Universiti Kebangsaan Malaysia, Bangi, Selangor, Malaysia, pers. Comm.) This sea
urchin can be found on the natural reefs, artificial reefs and marine park jetty in Pulau
Tioman of Pahang (Kee, 2003; Wei et al., 2008) and Pulau Pangkor (Rahman et al.,
2012a).

Problem statement

Echinoids study is rather new in Malaysia mostly in molecular and cultures studies.
Even though, very few ecology studies have been complete on the distribution patterns
and abundance of D. setosum in Peninsular Malaysia but less published information
on their development pattern are available. Due to commercial values of echinoid
gonads, information of the early life history, the range of environmental condition and
optimize culture condition for larvae and the late stage is an indispensably important
for improving large-scale seed production, culture, and management. Consequently,
an attempt was made to revise the detailed embryonic, larval and juvenile development
of D. setosum in a captive lab-rearing system with full controlled condition (almost
similar to their natural habitat).

Thus, this study was carried out with the following hypotheses and objectives which
will be paramount to establish a better understanding of D. setosum life cycle and fully
optimize rearing condition for sea urchin culture from embryonic stage until juvenile
with high survival rates



1.1

Objectives

I.  To establish the life cycle of D. sefosum (including complete body shape and
skeleton structure).
II.  To access the influences of environmental effect (temperature and salinity) in
embryonic and early larval development of D. sefosum.
III.  To establish the suitable condition of closed larval rearing method based on
food concentration, larval density, and feed types.
IV.  To determine the most suitable induction cues and substratum preferences for
D. setosum larvae settlement.
1.2 Hypotheses
Hypotheses Null
I.  Environmental conditions have no influence on D. sefosum in embryonic and
early larval development of D. setosum.
II.  Food concentration, larval density, and feed types do not affect the growth of
sea urchin larvae in a closed larval rearing system.
III.  Induction cues and substratum are no importance to the D. setosum larvae

settlement success.

Hypotheses Alternative

L.

IL.

Environmental conditions influence the embryonic and early larval
development of D. sefosum.

Food concentration, larval density, and feed types experiment affect the growth
of sea urchin larvae in closed larval rearing system.

Induction cues and substratum are important to the D. setosum larvae
settlement success.



REFERENCES

Allen, J.D. and Pechenik, J.A. (2010). Understanding the effects of low salinity on
Fertilization success and early development in the Sand Dollar Echinarachnius
parma. Biol. Bull., 218: 189-199.

Armstrong, N. and McClay, D.R. (1994). Skeletal pattern is specified autonomously
by the primary mesenchyme cells in sea urchin embryos. Develop. Biol., 162:
329-338.

Andrew, N.L. and Choat, J. H. (1982). The influence of predation and conspecific
adults on the abundance of juvenile Evechinus chloroticus (Echinoidea:
Echinometridae). Oecologia, 54: 80-87.

Andrew, N.L., Y., Agatsuma, E., Ballesteros, A.G., Bazhin, E.P., Creaser, D.K.A.,
Barnes, L.W., Botsford, A., Bradbury, A., Campbell, J.D., Dixon, S., Einarson,
P., Gerring, K., Heberty, M., Hunter, S.B., Hur, C.R., Johnson, M.A., Junio-
Men™ ez, P., Kalvass, R.J., Miller, C.A., Moreno, J.S., Palleiro, D., Rivas,
S.M.I., Robinson, S.C., Schroeter, R.S., Steneck, R.I., Vadas, D.A., Woodby,
Z. and Xiaoqi (2002). Status and management of world sea urchin fisheries.
Oceanogr. Mar. Biol. Ann. Rev., 40: 343425,

Andrew, N.L., Y. Agatsuma, C.M. Dewees and W.B. Stotz. State of Sea Urchin
Fisheries (2004). In: Sea Urchins: Fisheries and Ecology proceedings of the
international Conference on Sea-Urchin Fisheries and Aquaculture. Puerto
Varas, Chile, March 25-27, 2003. DEStech Publications. Lancaster, PA.

Andrew, N.L., Y. Agatsuma, C.M. Dewees, and W.B. Stotz (2004). State of sea-urchin
fisheries 2003. In: Lawrence, J.M., Guzma'n, O. (Eds.), Sea Urchin Fisheries
and Ecology. DEStech Publications, Lancaster, PA, USA, pp 96-98.

Andronikov, V.B. (1975). Heat resistance of gametes of marine invertebrates in
relation to temperature conditions under which the species exist. Mar. Biol.,
30, 1-12.

Aslan, L.M.and Uehara, T (1997). Hybridization and F1 backcrosses between two
closely related tropical species of sea urchins (genus Echinometra) in
Okinawa. Invert Reprod. Dev., 31: 319-324.

Bak R.P.M, Carpay M.J.E, and de Ruyter van Steveninck E.D, (1984). Densities of
the sea urchins Diadema antillarum before and after mass mortalities on the

coral reefs of Curacao. Mar. Ecol. Prog. Ser., 17: 105-108.

Baker, A. N. 1967. Two new echinoids from northern New Zealand, including a new
species of Diadema. Trans. R. Soc. N. Z., 8: 239-245.

122



Balch, T.and Scheibling, R.E. (2000). Temporal and spatial variability in settlement
and recruitment of echinoderms in kelp beds and barrens in Nova Scotia. Mar.
Ecol. Prog. Ser., 205: 139—154.

Barlet, M.S. (1937). Some examples of statistical methods of research in agriculture
and applied biology. Suppl. J. Royal Stat. Soc., 4: 137-170.

Bauer, J. (1980). Observations on geographical variations in population density of the
echinoid Diadema antillarum within the western north Atlantic. Bull. Mar.
Sci., 30: 509-515.

Beckerman, M., Harder, T. and Qian, P. Y. (1999). Induction of larval settlement and
metamorphosis in the serpulid polychaetae Hydroides elegans by dissolved

free amino acids: mode of action in laboratory bioassays. Mar. Ecol. Prog.
Ser., 190: 167-178.

Biebach, H. (1998). Phenotypic organ flexibility in Garden Warblers Sylivia borin
during long-distance migration. J. Avian Biol., 29: 529— 535.

Birkeland, C. (1989). The influence of echinoderms on coral reef communities. /n
Jangoux M, Lawrence JM (eds) Echinoderm studies, Vol. 3. AA Balkema,
Rotterdam, pp 1-79.

Bishop, C.D. and Brandhorst, B.P. (2001). NO/cGMP signaling and HSP90 activity
represses metamorphosis in the sea urchin Lytechinus pictus. Biol. Bull., 201:
394-404.

Boidron-Metairon, [.F. (1988) Morphological plasticity in laboratory-reared
echinoplutei of Dendraster excentricus (Eschscholtz) and Lytechinus
variegatus (Lamarck) in response to food conditions. J. Exp. Mar. Biol. Ecol.,
119: 31-41.

Bosch, 1., Beauchamp, K.A., Steele, M.E. and Pearse, J.S. (1987). Development,
metamorphosis, and seasonal abundance of embryo and larvae of the antarctic
sea urchin, Strechinus neumayeri. Biol. Bull., 173, 126—135.

Botsford, L.W. (2001). Physical influences on recruitment to California Current
invertebrate populations on multiple scales. ICES J. Mar. Sci., 58: 1081-1091.

Bougis, P. (1964). Sur le developpement des pluteus in vitro et I’ interpre 'tation du test
de Wilson. C.R. Acad. Sci. Paris 259, 1250-1253.

Bougis, P. (1967). Utilisation des plute us en e cologie expe rimentale. Helgol. Wiss.
Meersunters, 15: 59-68.

Bourget, E., DeGuise, J. and Daigle, G. (1994). Scales of substratum heterogeneity,
structural complexity and early establishment of a marine epibenthic

community. J. Exp. Mar. Biol. Ecol., 181: 31-51.

123



Bourget, E. and Harvey, M. (1998). Spatial analysis of recruitment of marine
invertebrates on arborescent substrata. Biofouling, 12: 45-55.

Bradshaw, A.D. (1965). Evolutionary significance of phenotypic plasticity in plants.
Adv. Genet., 13: 115—155.

Breen, P.A., Carolsfeld, W. and Yamanaka, K.L. (1985). Social behavior of juvenile
red sea urchins, Strongylocentrotus franciscanus (Agassiz). J. Exp. Mar. Biol.
Ecol., 92: 45-61.

Bressan, M., Marin, M. and Brunetti, R. (1995). Influence of temperature and salinity
on embryonic development of Paracentrotus lividus (Lmk, 1816).
Hydrobiologia, 304: 175—184.

Brown, M.R., Jeffrey, S.W., Volkman, J.K. and Dunstank G.A. (1997). Nutritional
properties of microalgae for marin culture. Aquaculture, 151: 315-331.

Buitrago, E., Lodeiros, Cesar., Lunar, K., Alvarado, D., Indorf, F., Frontado, K.,
Moreno, P. and Vasquez, Z. (2005). Mass production of competent larvae of

the urchin Lytechinus variegatus (Echinodermata: Echinoidea). Aquaculture
International, 13(4): 359-367.

Burke, R.D. (1978). Structure of the nervous system of pluteus larva of
Strongylocentrotus purpuratus. Cell Tiss. Res., 191: 233-247.

Burke, R.D. (1980). Podial sensory receptors and the induction of metamorphosis in
echinoids. J. Exp. Mar. Biol. Ecol., 47: 223-234.

Burke, R.D. (1983a). Development of the larval nervous system of the sand dollar,
Dendraster excentricus. Cell Tiss. Res., 229: 145-154.

Burke, R.D. (1984). Pheromonal control of metamorphosis in the Pacific sand dollar,
Dendraster excentricus. Science, 225: 442-443.

Bustos E. and Olave S. 2001. Manual: El cultivo del erizo Loxechinus albus. Divisio”
n de Acuicultura, Instituto de Fomento Pesquero, Chile, pp 23.

Butman, C.A. (1987). Larval settlement of soft-sediment invertebrates: the spatial
scales of patterns explained by active habitat selection and emerging role of

hydrodynamical processes. Oceanogr. Mar. Biol. Annu. Rev., 25: 113 — 165.

Cameron, R.A. and Hinegardner, R.T. (1974). Initiation of metamorphosis in
laboratory cultured sea urchins. Biol. Bull., 146: 335-342.

Cameron, R.A. and Schroeter, S.C. (1980). Sea urchin recruitment: effect of substrate
selection on juvenile distribution. Mar. Ecol. Prog. Ser., 2: 243-247.

124



Carleton, J. H. and Sammarco, P. W. (1987). Effects on substratum irregularity on
success of coral settlement: quantification by comparative geomorphological
techniques. Bull. Mar. Sci., 40: 85-98.

Carpenter, R.C. (1997). Invertebrate predators and grazers. In: Birkeland C (ed.). Life
and Death of Coral Reefs. Chapman & Hall, New York, pp 198-229.

Carriero-Silva, M., and McClanahan, T.R. (2001). Echinoid bioerosion and herbivory
on Kenyan coral reefs: the role of protection from fishing. J. Exp. Mar. Biol.
Ecol., 262. 133-153..

Castell, J.D., Conklin, D.E., Craigie, J.S., Lall, S.P. and Norman-Boudreau, K. (1986).
Aquaculture nutrition. In: M. Bilo, H. Rosenthal and C.J. Sindermann
(Editors), Realism in Aquaculture: Achievements, Constraints, Perspectives,
Proceedings of the World Conference on Aquaculture, Venice, Italy, 21-25
September, 198 1. European Aquaculture Society, Bredene, Belgium, pp. 25 1-
308.

Chan, K.Y. K., Griinbaum, D. and O’Donnell, M. J. (2011). Effects of ocean-
acidification-induced morphological changes on larval swimming and feeding.
J. Exp. Biol., 214: 3857-3867.

Chia, F.S. and Burke, R.D. (1978). Echinoderm metamorphosis: fate of larval
structures. In: Chia FS, Rice ME (eds) Settlement and metamorphosis of
marine invertebrate larvae. Elsevier and North Holland, New York, NY, pp
219-234.

Chia, F.S., Buckland-Nicks, J. and Young, C.M. (1984a). Locomotion of marine
invertebrate larvae: a review. Can. J. Zool., 62: 1205-1222.

Chia, F.S, Young, C.M. and McEuen, F.S. (1984b). The role of larval settlement
behavior in controlling patterns of abundance in echinoderms. In: Engels W,
Clark Jr WH, Fisher A, Olive PJW, Wend DF (eds) Advances in invertebrate
reproduction 3. Elsevier Science Publishers, Amsterdam, pp 409—424.

Clark, H. (1921). The echinoderm fauna of Torres Strait; its composition and its origin,
Carnegie Institution Publisher, Washington, DC, pp 214-224.

Clark, H. (1946). The echinoderm fauna of Australia; its composition and its origin.
Carnegie Institution Publisher, Washington, DC, pp 566—567.

Clark, A. (1966). Echinoderms from the Red Sea. Part 2. Bull. sea fish. Res. Stn Israel.,
41: 26-58.

Clark, A. and Rowe, F.W.E. (1971). Monograph of the shallow water Indo-West
Pacific Echinoderms. British Museum (Natural History), London.

125



Coppard, S. E and Campbel,l A. C. (2004). Taxonomic significance of the spine
morphology in the echinoid genera Diadema and Echinothrix. Invert. Biol.,
123(4): 357-371.

Cowart, D.A., Ulrich, P.N., Miller, D.C. and Marsh, A.G. (2009). Salinity sensitivity
of early embryos of the Antartic ae urchin, Sterechinus neumayeri. Polar Biol.,
32:435-441.

Crisp, D. J. (1976). Settlement responses in marine organisms. /n RC Newell, ed.
Adaptation to environment: essays on the physiology of marine animals.
London: Butterworths, pp 83—124.

Crisp, D.J. (1984). Overview of research on marine invertebrate larvae. In JD Costlow,
RC Tipper, eds Marine biodeterioration: an interdisciplinary study. Annapolis,
MD: Naval Institute Press, pp 103—126.

Denny, M.W. and Shibata, M.F. (1989) Consequences of surf-zone turbulence for
settlement and external fertilization. Am. Nat. 134: 859—-889.

Denny, M.W, Nelson E.K. and Mead, K.S. (2002) Revised estimates of the effects of
turbulence on fertilization in the purple sea urchin, Strongylocentrotus
purpuratus. Biol. Bull., 203: 275-277.

DeWitt, T.J., Sih, A. and Wilson, D.S. (1998). Cost and limitation to phenotypic
plasticity. Trends Ecol. Evol., 13: 77— 81.

Dincer, T. and Cakli, S. (2007). Chemical composition and biometrical measurements
of the Turkish Sea Urchin (Paracentrotus lividus, Lamarck, 1816). Critical
Rev. Food Sci. Nutr., 47(1): 21-26.

Duncan, D.B. (1955). Multiple range and multiple F tests. Biometrics, 11: 1-42.

Drinberger, J.M. (1990). Benthic determinants of settlement for planktonic larvae:
availability of settlement sites for the tube-building polychaete Spirorbis
spirillum (Linnaeus) settling onto the sea grass blades. J. Exp. Mar. Biol. Ecol.,
140: 89-105.

Drummond, A.E. (1995). Reproduction of the sea urchins Echinometra mathaei and

Diadema savignyi on the South African Eastern Coast. Mar. Freshwater Res.,
46: 751-757.

Duran, S. Palacin, C. Becerro, M.A, Turon, X. and Giribet, G. (2004). Genetic
diversity and population structure of the commercially harvested sea urchin
Paracentrotus lividus (Echinodermata: Echinoidea). Mol. Ecol., 13: 3317
3328.

126



Ebert, T.A. and Russell, M.P. (1988). Latitudinal variation in size structure of the west
coast purple sea urchin: a correlation with headlands. Limnol. Oceanogr., 33:
286-294.

Eckert, G.L. (1995). A novel larval feeding strategy of the tropical sand dollar, Encope
michelini (Agassiz): adaptation to food limitation and an evolutionary link
between planktotrophy and lecithotrophy. J. Exp. Mar. Biol. Ecol., 187: 103—
128.

Emlet, R.B. (1986). Facultative planktotrophy in the tropical echinoid Clypeaster
rosaceus (Linnaeus) and a comparison with obligate planktotrophy in
Clypeaster subdepressus (Gray) (Clypeasteroida: Echinoidea). Journal of
Experimental Marine Biology and Ecology, 95(2), 183—-202.

Emlet, R.B. (1986a). Facultative planktotrophy in the tropical echinoid Clypeaster
rosaceus (Linnaeus) and a comparison with obligate planktotrophy in
Clypeaster subdepressus (Gray) (Clypeasteroida, Echinoidea). J. Exp. Mar.
Biol. Ecol., 95: 183-202.

Emlet, R.B. (1986b). Larval production, dispersal, and growth in a fjord: a case study
on larvae of the sand dollar Dendraster excentricus. Mar. Ecol. Prog. Ser., 31:
245-254.

Emlet, R.B., McEdward, L.R. and Strathmann, R.R. (1987). Echinoderm larval
ecology viewed from the egg. Echinoderm Studies. Balkema, Rotterdam, pp
55— 136.

Emlet, R.B. (1991). Functional constraints on the evolution of larval forms of marine
invertebrates: experimental and comparative evidence. Am. Zool., 31: 707—
725.

Emlet, R.B. (1994). Body form and patterns of ciliation in nonfeeding larvae of
echinoderms: functional solutions to swimming in the plankton. Am. Zool., 34:
570-585.

Emlet, R.B. (2002). Sea urchin larval ecology: food rations, development, and size at
metamorphosis. In: Yokota Y, Matranga V, Smolenicka Z (eds) The sea
urchin: from basic biology to aquaculture. A.A. Balkema, Lisse, pp 105-110.

Emlet, R.B, McEdward, L.R and Strathmann, R.R (1987) Echinoderm larval ecology
viewed from the egg. In: Jangoux M, Lawrence JM (eds) Echinoderm studies,
Vol. 2. AA Balkema, Rotterdam, pp 55-136.

Estrella Klinzing, M.S. and Pechenik, J.A. (2000). Evaluating whether velar lobe size

indicates food limitation among larvae of the marine gastropod Crepidula
fornicata. J. Exp. Mar. Biol. Ecol., 252: 255-279.

127



Eyster, L.S. and Pechenik, J.A. (1987). Attachment of Mytilus edulis L. larvae on algal
and byssal filaments is enhanced by water agitation. J. Exp. Mar. Biol. Ecol.,
114: 99-110.

Fenaux, L., de Greef,Y. and Cellario, C. (1992). Effets du retard dans la premie’'re
alimentation sur le developpment de la larve planctotrophe de I’oursin
Paracentrotus lividus. Int. Rev. Ges. Hydrobiol., 77: 651-663.

Fenaux, L., Strathmann, M. F. and Strathmann, R. R. (1994). Five tests of food-limited
growth of larvae in coastal waters by comparisons of rates of development and
form of echinoplutei. Limnol. Oceanogr., 39: 84-98.

Flowers, J. M, Schroeter, S. C. and Burton, R. S. (2002). The recruitment sweepstakes
has many winners: genetic evidence form the sea urchin Strongylocentrotus
purpuratus. Evol., 56: 1445-1453.

Fox, H.M. (1926). Cambridge expedition to the Suez Canal, 1924. Appendix to the
report on the echinoderms. Trans Zool Soc 22: 129 GRAY, J. E. 1825. An
attempt to divide the Echinida. or sea-eggs, into natural families. Ann. Philos.,
26: 426.

Fujisawa, H. (1989). Differences in temperature dependence of early development of
sea urchins with different growing seasons. Biol. Bull., 176, 96—102.

Fujisawa, H. (1993). Temperature sensitivity of a hybrid between two species of sea
urchins differing in thermotolerance. Develop. Growth & Differen. 35: 395—
401.

Fujisawa, H., and Shigei, M. (1990). Correlation of embryonic temperature sensitivity
of sea urchins with spawning season. J. Exp. Mar. Biol. Ecol., 136, 123—139.

Forcucci, D. and Lawrence, J.M (1986). Effect of low salinity on the activity, feeding,
growth and absorption efficiency of Luidia clathrata (Chinodermata:
Asteroidea). Mar. Biol., 92: 315-321.

George, S.B. (1994). Phenotypic plasticity in the larvae of Luidia foliolata
(Echinodermata: Asteroidea). In: David, Guille, Feral, Roux (Eds.),
Echinoderms Through Time. Balkema, Rotterdam, pp 297—- 307.

George, S.B. (1999). Egg quality, larval growth and phenotypic plasticity in a
forcipulate seastar. J. Exp. Mar. Biol. Ecol., 237: 203— 224.

George, S.B., Lawrence, J.M., Lawrence, A.L., Smiley, J. and Plank, L. (2001).

Carotenoids in the adult diet enhance egg and juvenile production in the sea
urchin Lytechinus variegatus. Aquaculture, 199: 353-369.

128



Gonzalez, L.P., Castilla, J.C. and Guisado,C. (1987). Effect of larval diet and rearing
temperature on metamorphosis and juvenile survival of the edible sea urchin
Loxechinus albus (Molina, 1982) (Echinoidea, Echinidae). J. Shellfish Res., 6:
109-115.

Gosselin, P. and Jangoux, M. (1998). From competent larva to exotrophic juvenile: a
morphofunctional study of the perimetamorphic period of Paracentrotus
lividus (Echinodermata, Echinoidea). Zoomorphology, 118: 31-43.

Gray, J. E. (1825). An attempt to divide the Echinida. or sea-eggs, into natural
families. Ann. Philos., 26: 426.

Grignard, J.C.P., Flammang, D. J.W and Jangoux, M. (1996). Distribution and
abundance of the echinoid Diadema setosum (Echinodermata) on sediment-
stressed coral reefs in Singapore. Asian Mar. Biol., 13: 123—132.

Grunbaum, D. and Strathmann, R.R. (2003). Form, performance and trade-offs in
swimming and stability or armed larvae. J. Mar. Res., 61: 659—691.

Giudice, G. (1973). Developmental biology of the sea urchin embryo. Academic Press
Inc. Ltd., London, UK.

Hadfield, M.G. (1998). The DP Wilson lecture. Research on settlement and
metamorphosis of marine invertebrate larvae: past, present and future.
Biofouling, 12: 9-29.

Hadfield, M.G., Unabia, C., Smith, C.M. and Michael, T.M. (1994). Settlement
preferences of the ubiquitous fouler Hydroides elegans. In M. Fingerman, R.
Nagabhushanam, R. Sarojini, eds. Recent development in biofouling control.
New Delhi: Oxford and IBH, pp 65-74.

Hart, M.W. (1991). Particle captures and the method of suspension feeding by
echinoderm larvae. Biol. Bull., 180: 12-27.

Hart, M.W. (1995). What are the costs of small egg size for a marine invertebrate with
feeding planktonic larvae? Am. Nat., 146: 415-426.

Hart, M.W. (1996). Evolutionary loss of larval feeding: development, form and
function in a facultatively feeding larva, Brisaster latifrons. Evolution., 50:
174-187.

Hart, M.W. and Scheibling, R.E. (1988). Comparing shapes of echinoplutei using
principal components analysis, with an application to larvae of
Strongylocentrotus droebachiensis. In: Burke, R.D., Mladenov, P.V., Lambert,
P., Parsely, R.L. (Eds.), Echinoderm Biology. Balkema, Rotterdam, pp 277—
284.

129



Hart, M.W. and Strathmann, R.R. (1994). Functional consequences of phenotypic
plasticity in echinoid larvae. Biol. Bull., 186: 291— 299.

Harvell, C.D. (1990). The ecology and evolution of inducible defenses. Q. Rev. Biol.,
65: 323— 340.

Hart, M.W. and Strathmann, R.R. (1994). Functional consequences of phenotypic
plasticity in echinoid larvae. Biol. Bull., 186: 291-299.

Hawkins, C.M and Lewis, J.B. (1982). Ecological energetics of the tropical sea urchin
Diadema antillarum Philippi in Barbados, West Indies. Estuar. Coast Shelf.
Sci .,15: 645-6609.

Hendler, G., Miller, J., Pawson, D.L. and Kier, P.M. (1995). Sea stars, sea urchins,
and allies. Echinoderms of Florida and the Caribbean. Smithsonian Institution,
Washington.

Henderson, J.A. and Lucas, J.S. (1971). Larval development and metamorphosis of
Acanthaster planci (Asteroidea). Nature, 232: 655 — 657.

Hereu, B., Zabala, M., Linares, C. and Sala, E. (2004). Temporal and spatial variability
in settlement of the sea urchin Paracentrotus lividus in the NW Mediterranean.
Mar. Biol. ., 144: 1011-1018.

Herrera, J.C. (1998). Nutritional strategies of echinoplutei. PhD, University of Florida,
Gainesville.

Herrera, J.C., McWeeney, S.K. and McEdward, L.R., (1996). Diversity of energetic
strategies among echinoid larvae and the transition from feeding to nonfeeding
development. Oceanol. Acta, 19: 313-321.

Highsmith, R.C. (1982). Induced settlement and metamorphosis of sand dollar
(Dendraster excentricus) larvae in predator-free sites: adult sand dollar beds.
Ecology., 63: 329-337.

Highsmith, R.C. and Emlet, R.B (1986). Delayed metamorphosis: effect on growth
and survival of juvenile sand dollars (Echinoidea: Clypeasteroida). Bull. Mar.
Sci.,39: 347-361.

Hinegardner, R.T. (1969). Growth and development of the laboratory cultured sea
urchin. Biological Bulletin, 137(3): 465-475.

Hinegardner, R.T. (1975). Morphology and genetics of sea urchin development. Am.
Zool., 15: 679-689.

Holmberg, A., Kaim, J., Persson, A., Jensen, J., Wang, T. and Holmgren, S. (2002).

Effects of digestive status on the reptilian gut. Comp. Biochem. Physiol., Part
A Mol. Integr. Physiol., 133: 499—518.

130



Hori, R., Phang, V.P.E. and Lam, T.J. (1987). Preliminary study on the pattern of
gonadal development of the sea urchin, Diadema setosum, off the coast of
Singapore. Zool. Sci., 4, 665—673.

Hurlbut, C.J. (1991). Larval substratum selection and postsettlement mortality as
determinants of the distribution of two bryozoans. J. Exp. Mar. Biol. Ecol.,
147: 103-119.

Humpreys, G. (1797). Museum Calonnianum, London: i-viii + 1-84 pp. (Anonymous,
however later authors have indicated the author as Humphrey).

Ichihiro, K. Ed (1993). Breeding, processing and sale. Sappro: Hokkai Suisan
Shinbunsha. Kaneniwa, M., T. Takagi (1986). Fatty acids in the lipid of food
products from sea urchin. Bull. Jap. Soc. Sci. Fish., 52(9): 1681-1685.

Kroes, H-W. (1970). Excretion of mucilage and yellow-brown substances by some
brown algae from intertidal zone. Bot Mar., 13: 107-110

Iliffe, T.M. and Pearse, J.S. (1982) Annual and lunar reproductive rhythms of the sea
urchin Diadema antillarum (Philippi) in Bermuda. Internat. J. Invert. Reprod.,
5: 139-148

Jackson, G. A. and Strathmann, R.R. (1981). Larval mortality from offshore mixing
as a link between pre-competent and competent periods of development. Am.
Nat., 118: 16-26.

Jensen, R.A. and Morse, D.E. (1990). Chemically induced metamorphosis of
polychaete larvae in both the laboratory and ocean environment. J. Chem.
Ecol., 16: 911 —930.

Johnson, C.R. and Sutton, D.C. (1994). Bacteria on the surface of crustose coralline
algae induce metamorphosis of the crown-of-thorns starfish Acanthaster
planci. Mar. Biol., 120: 305 —310.

Johnson, C.R., Sutton, D.C., Olsons, R.R. and Giddins, R. (1991a). Settlement of
crown-of-thorns starfish: role of bacteria on surface of coralline algae and a
hypothesis for deep water recruitment. Mar. Ecol. Prog. Ser., 71: 143 — 162.

Juinio-Mefiez M.A., and Hapitan R.M. (1998). Mass culture of the Sea Urchin
Tripneustes gratilla. Trans. Nat. Acad. Sci. Tech. Philippines, pp 308-323.

Kashenko, S.D. (2007). Adaptive responses of embryos and larvae of the hearted-
shaped sea urchin Echinocardium cordatum to temperature and salinity
changes. Russian J. Mar. Biol., 33(6): 381-390.

Kawamura, K. (1970). On the development of the planktonic larvae of Japanese sea
urchins, Strongylocentrotus intermedius and S. nudus. Sci. Rep. Hokkaido
Fish. Exp. Sta., 12: 25-32.

131



Kee, A.A.A (2003). Biology and ecology aspects of Sea Urchin (Diadema setosum)
in Tioman Islands. Master’s Thesis, National University of Malaysia, Bangi,
Selangor.

Kier, P. and Grant, R. E. (1965). Echinoid distribution and habits, Key Largo Coral
Reef Preserve, Florida. Smith Misc. Coll., 149: 1-68.

Kirchman, D., Graham, S., Reish, D. and Mitchell, R. (1982). Bacteria induce
settlement and metamorphosis of Janua (Dexiospira) brasiliensis Grude
(Polychaeta: Spirorbidae). J. Exp. Mar. Biol. Ecol., 56: 153 — 163.

Kitamura, H., Kitahara. S. and Koh, H.B. (1993). The induction of larval settlement
and metamorphosis of two sea urchins, Pseudocentrotus depressus and

Anthocidaris crassispina, by free fatty-acids extracted from the coralline red
alga Corallina pilulifera. Mar. Biol., 115: 387-392.

Lambert, D.M and Harris, L.G. (2000). Larval settlement of the green sea urchin,
Strongylocentrotus droebachiencsis, in the southern Gulf of Maine. Invert.
Biol., 119: 403—409.

Lamare, M.D. (1998). Origin and transport of larvae of the sea urchin Evechinus
chloroticus (Echinodermata: Echinoidea) in a New Zealand fiord. Mar. Ecol.
Prog. Ser., 174: 107-121.

Lamare, M.D and Barker, M.F (1999). In situ estimates of larval development and
mortality in the New Zealand sea wurchin Evechinus chloroticus
(Echinodermata: Echinoidea). Mar. Ecol. Prog. Ser., 180: 197-211.

Lamare, M.D. and Barker, M.F. (2001). Settlement and recruitment of the New
Zealand sea urchin Evechinus chloroticus. Mar. Ecol. Prog. Ser., 218: 153—
166.

Lau, K.K. and Qian, P.Y. (1997). Phlorotannins and their analogs as larval settlement
inhibitors of a tube-building polychaete Hydroides elegans (Hawell). Mar.
Ecol. Prog. Ser., 159: 219-227.

Lawrences, J.M. (1975). The effect of temperature-salinity combinations on the
functional well-being of adult Lytechznus varzegatus (Lamarck)
(Echinodermata, Echinoidea). J. Exp. Mar. Biol. Ecol., 18: 271-275.

Lawrence, J.M. and Sammarco, P.W. (1982). Effects of feeding on the environment:
echinoidea In: Jangoux M, Lawrence JM (eds) Echinoderm nutrition. AA
Balkema, Rotterdam, pp 499-519.

Lawrence, J.M, Olave, S, Otaiza, R, Lawrence, A.L. and Bustos, E (1997).

Enhancement of gonad production in the Sea Urchin Loxechinus albus in Chile
fed extruded feeds. J. World Aqua. Soc. 28(1): 91-96.

132



Lawrence, J.M., Lawrence, A.L., McBride, S.C., George, S.B., Watts, S.A and Plank,
L.R. (2001). Developments in the use of prepared feeds in sea-urchin
aquaculture. World Aquacult. 32(3): 34-39.

Lessios, H.A. (1987). Temporal and spatial variation in egg size of 13 Panamanian
echinoids. J. Exp. Mar. Biol. Ecol., 114: 217-239.

Lessios, H.A. (1988). Mass mortality of Diadema antillarum in the Caribbean: what
have we learned? Ann. Rev. Ecol. Syst., 19: 371-393.

Lessios, H.A.and Pearse, J.S. (1996). Hybridization and introgression between Indo-
pacific species of the sea urchin Diadema. Mar. Biol., 126: 715-723.

Lessios, H.A., Kessing, B.D. and Pearse, J.S. (2001). Population structure and
speciation in tropical seas: global phylogeography of the Sea Urchin diadema.
Evolution, 55, 955-975.

Le Tourneux, F. and Bourget, E. (1988). Importance of physical and biological
settlement cues used at different spatial scales by the larvae of Semibalanus
balanoides. Mar. Biol., 97: 57 — 66.

Levin, L.A. and Bridges, T.S. (1995). Pattern and diversity in reproduction and
development. In: McEdward, L.R. (Ed.), Ecology of Marine Invertebrate
Larvae. CRC Press, Boca Raton, FL, pp. 1 —48

Levitan, D.R. (1988). Asynchronous spawning and aggregative behavior in the sea
urchin Diadema antillarum (Philippi). In: Burke RD, Mladenov PV, Lambert
P, Parsley RL (eds) Echinoderm biology. A.A. Balkema, Rotterdam, pp 181-
186.

Levitan, D.R. (1993). The importance of sperm limitation to the evolution of egg size
in marine invertebrates. Am. Nat., 141: 517-536.

Levitan, D.R. (1995). The ecology of fertilization in free-spawning invertebrates. In:
McEdward LR (ed) Ecology of marine invertebrate larvae. CRC Press, Boca
Raton, FL, pp 123—-156.

Levitan, D.R. (1996). Predicting optimal and unique egg sizes in free-spawning
marine invertebrates. Am. Nat., 148: 174—188.

Levitan, D.R. (2000). Sperm velocity and longevity trade off each other and influence
fertilization in the sea urchin Lytechinus variegatus. Proc. Roy. Soc. Lond. B.,

267: 531-534.

Levitan, D.R. (2005). Sex-specific spawning behavior and its consequences in an
external fertilizer. Am. Nat., 165: 685-694.

133



Levitan, D.R. and Petersen, C. (1995). Sperm limitation in the sea. Trends Ecol. Evol.,
10: 228-23.1

Levitan, D.R. and Irvine, S.D. (2001). Fertilization selection on egg and jelly-coat size
in the sand dollar Dendraster excentricus. Evolution, 55: 2479-2483.

Lucas, J.S. and Jones, M.M. (1976). Hybrid crown-of-thorns starfish (Acanthaster
plancix A. brevispinus) reared to maturity on the laboratory. Nature, 263: 409—
411.

Mackie, G.O., Spencer, A.N. and Strathmann, R.R. (1969). Electrical activity
associated with ciliary reversal in echinoderm larvae. Nature, 223: 1384—1385.

Maddox, M.B. and Manzi, J.J. (1976). The Effects of algal supplements on static
system of Macrobrachium rosenbergii (de Man) larvae. Proc. World Maricult.
Soc., T: 677-698.

Magnus, D.B.E. (1967). Ecological and ethological studies and experiments on the
echinoderms of the Red Sea. In: Studies in Tropical Oceanography, 5. Miami,
pp 635-664.

Maki, J.S., Rittschof, D., Samuelsson, M.O., Szewzyk, U., Yule, A.B., Kjelleberg, S.,
Costlow, J.D. and Mitchell, R. (1990). Effect of marine bacteria and their
exopolymers on the attachment of barnacle cypris larvae. Bull. Mar. Sci., 46:
499-511.

Maluf, L.V. (1988). Composition and distribution of the central eastern Pacific
echinoderms. Technical Reports, Number 2, Natural History Museum of Los
Angeles County, Los Angeles.

Mazur, J.E. and Miller J.W. (1971). A description of the complete metamorphosis of
the sea urchin Lytechinus variegatus cultured in synthetic sea water. The Ohio
Journal of Science, 71(1): 30-36.

Matsumoto, Y., Kominami. T, and Ishikawa. M. (1988). Timers in early development
of sea urchin embryos. Develop. Growth Differen., 30: 543-552.

McClanahan, T.R. (1998). Predation and the distribution and abundance of tropical
sea urchin populations. J. Exp. Mar. Biol. Ecol., 221: 231-255.

McClanahan, T.R. and Shafir, S.H. (1990). Causes and consequences of sea urchin
abundance and diversity in Kenyan coral reef lagoons. Oecologia, 83: 362—

370.

McEdward, L.R. (1984). Morphometric and metabolic analysis of the growth and form
of an echinopluteus. J. Exp. Mar. Biol. Ecol., 82: 259-287.

134



McEdward, L.R. (1985). Effects of temperature on the body form, growth, electron
transport System activity and development rate of an echinopluteus. J. Exp.
Mar. Biol. Ecol., 93:169-181

McEdward, L.R. (1985a). Effects of temperature on the body form, growth, electron
transport system activity, and development rate of an echinopluteus. J. Exp.
Mar. Biol. Ecol., 93:169-181.

McEdward, L.R. (1986a). Comparative morphometrics of echinoderm larvae. I. Some
relationships between egg size and initial larval form in echinoids. J. Exp. Mar.
Biol. Ecol., 96: 251-265.

McEdward, L.R. (1986b). Comparative morphometrics of echinoderm larvae. II.
Larval size, shape, growth, and the scaling of feeding and metabolism in
echinoplutei. J. Exp. Mar. Biol. Ecol., 96: 267-286.

McEdward, L.R. (1996). Experimental manipulation of parental investment in
echinoid echinoderms. Am. Zool., 36: 169—179.

McEdward, L.R. and Janies, D.A. (1997). Relationships among development,
ecology, and morphology in the evolution of echinoderm larvae and life cycles.
Biol. J. Linn. Soc., 60: 381-400.

McEdward, L.R. and Herrera, J.C. (1999). Body form and skeletal morphometrics
during larval development of the sea urchin Lytechinus variegatus Lamarck.
J. Exp. Mar. Biol. Ecol., 232: 151-176.

McEdward, L.R. and Miner, B.G. (2001). Larval and life cycle patterns in
echinoderms. Can. J. Zool., 78: 1125-1170.

McEdward, L.R. and Morgan, K.H. (2001). Interspecific relationships between egg
size and the level of parental investment per offspring in echinoderms. Biol.
Bull., 200: 33-50.

McEdward, L.R. and Miner, B.G. (2007). Echinoid larval ecology. In: Lawrence J. M.
(Ed.), Edible sea urchins: Biology and ecology (2nd edition), Elsevier,
Amsterdam. pp 71-93.

Metaxas, A. (1998). The effects of salinity on larval survival and development in the
sea urchin Echinometra lucunter. Invert. Reprod. Develop., 34: (2-3): 323—
330.

Metaxas, A. and Young, C.M. (1998a). Responses of echinoid larvae to food patches
of different algal densities. Mar. Biol., 130: 433—445.

Metaxas, A. and Young, C.M. (1998b). Behavior of echinoid larvae around sharp
haloclines: effects of the salinity gradient and dietary conditioning. Mar. Biol.,

131: 443-459.

135



Miller, B.A. and Emlet, R.B. (1999). Development of newly metamorphosed juvenile
sea urchins (Strongylocentrotus franciscanus and S. purpuratus): morphology,
the effects of temperature and larval food ration, and a method for determining
age. J. Exp. Mar. Biol. Ecol., 235(1): 67-90.

Minchinton, T.E. and Scheibling, R.E. (1991). The influence of larval supply and
settlement on the population structure of barnacles. Ecology, 72: 1867—1879.

Miner, B.G. (2005). Evolution of feeding structure plasticity in marine invertebrate
larvae: a possible trade-off between arm length and stomach size. J. Exp. Mar.
Biol. Ecol., 315: 117-125.

Miner, B.G. and Vonesh, J.R. (2004). Effects of fine grain environmental variability
on morphological plasticity. Ecol. Lett., 7: 794—801.

Miron, G., Boudreau, B. and Bourget, E. (1995). Use of larval supply in benthic
ecology: testing correlations between larval supply and larval settlement. Mar.
Ecol. Prog. Ser., 124: 301-305.

Mita, M., Hino, A. and Yasumasu, 1. (1984). Effect of temperature on interaction
between eggs and spermatozoa of sea urchin. Biol. Bull. Mar. Biol., 166: 68—
e

Moberg, P.E. and Burton, R.S. (2000). Genetic heterogeneity among adult and recruit
red sea urchins, Strongylocentrotus franciscanus. Mar. Biol., 136: 773-784.

Mokady, O., Lazar, B. and Loya, Y. (1996). Echinoid bioerosion as a major structuring
force of Red sea coral reefs. Biol. Bull., 190: 367-372.

Moran, P.J. (1986). The Acanthaster phenomenon. Oceanogr. Mar. Biol. Annu. Rev.,
24: 379-480.

Morgan, L.E., Wing, S.R., Botsford, L.W., Lundquist, C.J. and Diehl, J.M. (2000).
Spatial variability in red sea urchin (Strongylocentrotus franciscanus) cohort

strength relative to alongshore upwelling variability in northern California.
Fish Oceanogr., 9: 83-98.

Morse, A.N.C. and Morse, D.E. (1984). Recruitment and metamorphosis of Haliotis
larvae induced by molecules uniquely available at the surface of crustose red
algae. J. Exp. Mar. Biol. Ecol., 75: 191-215.

Morse, D.E. (1985). Neurotransmitter-mimetic inducers of larval settlement and
metamorphosis. Bull. Mar. Sci., 37: 69 —706.

Morse, D.E., Hooker, N., Duncan, H. and Jensen, L. (1979a). Gamma-aminobutyric

acid, a neurotransmitter, induces planktonic abalone larvae to settle and begin
metamorphosis. Science, 204: 407 — 410.

136



Morse, D.E., Duncan, H., Hooker, N., Baloun, A. and Young, G. (1980a). GABA
induces behavioural and developmental metamorphosis in planktonic
molluscan larvae. Fed. Proc., 39: 3237-3241.

Morse, D.E., Hooker, N., Morse, A.N.C. and Jensen, R.A. (1988). Control of larval
metamorphosis and recruitment in sympatric agaricid corals. J. Exp. Mar. Biol.
Ecol., 116: 193-217.

Mortensen, T. (1898). Die echinodermenlarven der plankton-expedition. Ergbn. d.
plankton-exp. der Humbolt-Stiftung, I1J., Verlag von Lipsius & Tischer, Kiel
und Leipzig.

Mortensen, T. (1921). Studies of the development and larval forms of echinoderms.
GEC Gad, Copenhagen.

Mortensen, T. (1931). Contributions to the study of the development and larval forms
of echinoderms. I-II. D Kgl Danske Vidensk Selsk Biol Skr, Naturvidensk og
Mathem Afd 9, 4.

Mortensen, T. (1937). Contributions to the study of the development and larval forms
of echinoderms. I1I. D Kgl Danske Vidensk Selsk Biol Skr, Naturvidensk og
Mathem Afd 9, 7.

Mortensen, T. (1938). Contributions to the study of the development and larval forms
of echinoderms. IV. D Kgl Danske Vidensk Selsk Biol Skr, Naturvidensk og
Mathem Afd 9, 7.

Mortensen, T. (1940). A monograph of the Echinoidea III. Aulodonta with additions
to Vol. 1T (Lepidocentroida and Stirodonta). Reitzel, Copenhagen, pp 392.

Muthiga, N. A. (2003). Coexistence and reproductive isolation of the sympatric
echinoids Diadema savignyi Michelin and Diadema setosum (Leske) on
Kenyan coral reefs. Mar. Biol., 143: 669—677.

Naidenko, T.K. (1983). Laboratory culture of the sea urchin Strongylocentrotus
intermedius. Sov. J. Mar. Biol.,9: 46-50.

Nellis, P. and Bourget, E. (1996). Influence of physical and chemical factors on
settlement and recruitment of the hydroid Tubularia larynx: field and
laboratory experiments. Mar. Ecol. Prog. Ser., 140: 123—-139.

Nunes, C.D.A.P. and Jangoux, M. (2007). Larval growth and perimetamorphosis in
the echinoid Echinocardium cordatum (echinodermata): The spatangoid way

to become a sea urchin. Zoomorphology, 126(2): 103—119.

Onada, K. (1936). Notes on the development of some Japanese echinoids with special
reference to the structure of the larval body. Jap. J. Zool., 6: 635-654.

137



Ogden, J.C. (1977) Carbonate sediment production by parrotfish and sea urchins on
Caribbean reefs. Tulsa, 4: 281-288.

Okazaki, K (1975) Normal development to metamorphosis. In: Czihak G (ed) The sea
urchin embryo. Biochemistry and morphogenesis. Springer-Verlag, New
York, NY, pp 177-232.

Olson, R.R and Olson, M.H. (1989) Food limitation of planktotrophic marine
invertebrate larvae: does it control recruitment success. Ann. Rev. Ecol. Syst.,
20: 225-247.

Oshima, T., Wada, S. and Koizumi, C. (1986). Lipid deterioration of salted gonads of
sea urchin during storage at 5°C. Bull. Jpa. Soc. Sci. Fish., 52(3): 511-517.

Paine, R.T. (1986) Benthic community-water column coupling during the 1982—1983
El Nino. Are community changes at high-latitudes attributable to cause or
coincidence? Limnol. Oceanogr., 31: 351-360.

Palmer, A.R. and Strathmann, R.R. (1981) Scale of dispersal in varying environments
and its implications for life histories of marine invertebrates. Oecologia, 48:
308-318.

Palumbi, S.R. and Wilson, A.C. (1990) Mitochondrial DNA diversity in the sea
urchins Strongylocentrotus purpuratus and S. droebachiensis. Evolution, 44:
403-415.

Paulay, G., Boring, L and Strathmann, R.R. (1985) Food limited growth and
development of larvae: experiments with natural sea water. J. Exp. Mar. Biol.
Ecol., 93: 1-10.

Pawlik, J.R. (1992). Chemical ecology of the settlement of the benthic marine
invertebrates. Oceanogr. Mar. Biol. Annu. Rev.,30:273-335.

Pearce, C.M. (1997). Induction of settlement and metamorphosis in echinoderms. In:
Fingerman M, Nagabhushanam R, Thompson M-F (eds) Recent advances in
marine biotechnology. Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi,
pp 283-341.

Pearce, C.M. and Scheibling, R.E. (1988). Larval settlement in the green sea urchin,
Strongylocentrotus droebachiensis. Am. Zool., 28: 365.

Pearce, C. M. and Scheibling, R. E. (1990a). Induction of metamorphosis of larvae of
the green sea urchin, Strongylocentrotus droebachiensis, by coralline red
algae. Biol. Bull., 179: 304-311.

Pearce, C.M. and Scheibling, R.E. (1990b). Induction of settlement and

metamorphosis in the sand dollar Echinarachinus parma: evidence for an adult
associated factor. Mar. Biol., 107: 363-369.

138



Pearce, C.M. and Scheibling, R.E. (1991). Effect of macroalgae, microbial films, and
conspecifics on the induction of metamorphosis of the green sea urchin
Strongylocentrotus droebachiensis (Muller). J. Exp. Mar. Biol. Ecol., 147:
147-162.

Pearse, J. S (1968b) Gametogenesis and reproduction in several abyssal and shallow
water echinoderms of the Eastern Tropical Pacific. Stanford Oceanogr Exped
Rpt Te Vega Cruise, pp 225-234.

Pearse, J.S. (1970) Reproductive periodicities of Indo-Pacific invertebrates in the Gulf
of Suez. III. The Echinoid Diadema Setosum (Leske). Bull. Mar. Sci., 20: 697—
720.

Pearse, J.S. and Arch, S.W. (1969) The aggregation behavior of Diadema
(Echinodermata: Echinoidea). Micronesia, 5: 165—171.

Pearse, J.S. (1998) Distribution of Diadema savignyi and D. setosum in the tropical
Pacific. In: Mooi R, Telford M (eds) Echinoderms. AA Balkema, Rotterdam,
pp 777-782.

Pearse, J.S. and Cameron, R.A. (1991) Echinodermata, Echinoidea. In: Giese AC,
Pearse JS, Pearse VB (eds) Reproduction of marine invertebrates,

Echinoderms and Lophophorates, Vol. 6. The Boxwood Press, Pacific Grove,
CA, pp 514-662.

Pearse, J.S. and Hines, A.H. (1987) Long-term population dynamics of sea urchins in
a central California kelp forest: rare recruitment and rapid decline. Mar. Ecol.
Prog. Ser.,39: 275-283.

Pedrotti, M.L. (1995). Food selection (size and flavor) during development of
echinoderm larvae. Invert. Reprod. Dev., 27: 29-39.

Pedrotti, M.L. and Fenaux, F. (1993). Effects of food diet on the survival, development
and growth rates of two culturedechinoplutei (Paracentrotus lividus and
Arbacia lixula). Invert. Reprod. Dev., 24: 59-70

Pennington, J.T. (1985). The ecology of fertilization of echinoid eggs: the
consequences of sperm dilution, adult aggregation, and synchronous
spawning. Biol. Bull., 169: 417-430.

Pennington, J.T. and Emlet, R.B. (1986) Ontogenic and diel vertical migration of a
planktonic echinoid larva, Dendraster excentricus (Eschscholtz): occurrence,
causes, and probable consequences. J. Exp. Mar. Biol. Ecol., 104: 69-95.

Piersma, T. (1998). Phenotypic flexibility during migration: optimization of organ size

contingent on the risks and rewards of fueling and flight? J. Avian Biol., 29:
511-520.

139



Podolsky, R.D. (1994). Temperature and water viscosity: physiological versus
mechanical effects of suspension feeding. Science, 265: 100—103.

Podolsky, R.D. and Emlet, R. B (1993). Separating the effects of temperature and
viscosity on swimming and water movement by sand dollar larvae (Dendraster
excentricus). J. Exp. Biol., 176: 207-221.

Poulin, E. and Féral, J.P. (1996). Diversity of Antarctic echinoids: importance of
dispersal strategies. Ocean Acta,. 19: 464.

Qian, P.Y. (1999). Larval settlement of polychaetes. Hydrobiologia, 402: 239-253.

Rahim, S.A.K.A., Li, J.Y and Kitamura, H. (2004). Larval metamorphosis of the sea
urchins, Pseudocentrotus depressus and Anthocidaris crassispina in response
to microbial films. Mar. Biol., 144: 71-78.

Rahim, S.A.K.A. and Nurhasan, R. (2016). Status of Sea Urchin Resources in the East
Coast of Borneo. J Mar Biol., vol. 2016 pp8.

Rahman, M. A., Uehara, T. and Aslan, L.M. (2000). Comparative viability and growth
of hybrids between two sympatric species of sea urchins (genus Echinometra)
in Okinawa. Aquaculture, 183: 45-56.

Rahman, M.A. and Uehara, T. (2001). Induction of metamorphosis and substratum
preference in four sympatric and closely related species of sea urchins (Genus
Echinometra) in Okinawa. Zoological Studies, 40(1): 29—43.

Rahman, M.A., Uehara, T. and Rahman, S.M. (2002). Effects of egg size on
fertilization, fecundity and offspring performance: A comparative study
between two sibling species of tropical sea urchins (genus Echinometra).
Pakistan J. Biol. Sci., 5(1): 114-121.

Rahman, M.A. and Uehara, T. (2004). Interspecific hybridization and backcrosses
between two sibling species of Pacific Sea Urchins (Genus Echinometra) on
Okinawan intertidal reefs. Zool. Stud., 43(1): 93—111.

Rahman, M.A., Uehara, T. and Aslan, L.M. (2005). Growth and heterosis of hybrids
of two closely related species of Pacific sea urchins (Genus Echinometra) in
Okinawa. Aquaculture, 245: 121-133.

Rahman, S., Rahman, M. and Uehara, T. (2007). Effects of temperature on early
development of the sea urchin Echinometra mathaei from the intertidal reef of
Okinawa Island, Japan.Galaxea JCRS, 9: 35-48.

Rahman, S., Rahman, M. and Uehara, T. (2009) Effects of temperature on hatching

rate, embryonic development and early larval survival of the edible sea urchin,
Tripneustes gratilla Biologia, 64(4): 768-775.

140



Rahman, M.A., Amin, S.M.N., Yusoff, F.M., Arshad, A., Kuppan, P. and Shamsudin,
M.N. (2012a) Length weight relationships and fecundity estimates of long-

spined Sea Urchin, Diadema setosum from the Pulau Pangkor, Peninsular
Malaysia. Aquat. Ecosys. Health Manage. 15(3): 311-315.

Rahman, M.A., Yusoff, F.M., Arshad, A. Shamsudin, M.N. and Amin, S.M.N.
(2012b). Embryonic, larval, and early juvenile development of the tropical sea

urchin, Salmacis sphaeroides (Echinodermata: Echinoidea). Sci. World J.,
2012, 1-9.

Rahman, M. A., Yusoff, F.M, Arshad, A. Shamsudin, M.N. and Amin, S.M.N (2012c).
Embryonic, Larval, and Early Juvenile Development of the Tropical Sea

Urchin, Salmacis sphaeroides (Echinodermata: Echinoidea). The Scientific
World Journal 2012:1-9

Rahman, M.A., Yusoff, F.M and Arshad, A. (2014). Effects of gamete concentration,
age and contact time on fertilization in tropical species of long-spined black
sea urchin, Diadema setosum (Leske, 1778). J. Food, Agri. Environ.,
12(1)435-440.

Rahman, M.A., Yusoff, F.M and Arshad, A. (2015).Embryonic, larval and juvenile
development of tropical sea urchin, Diadema setosum. Iranian J. of Fisheries
Sci., 14(2) 409-424.

Randall, J.E, Schroeder, R.E. and Starck, W.A. (1964). Notes on the biology of the
echinoid Diadema antillarum. Caribb. J. Sci., 4: 421-433.

Raymond, B.G and Scheibling, R.E (1987) Recruitment and growth of the sea urchin
Strongylocentrotus droebachiensis (Miiller) following mass mortalities off
Nova Scotia, Canada. J. Exp. Mar. Biol. Ecol., 108: 31-54.

Rassoulzadegan, F. and Fenaux, L. (1979). Grazing of echinoderm Ilarvae

(Paracentrotus lividus and Arbacia lixula) on naturally occurring particulate
matter. J. Plank. Res., 1: 215-223.

Rassoulzadegan, F., Fenaux, L. and Strathmann, R.R. (1984) Effect of flavor and size
on selection of food by suspensionfeeding plutei. Limnol. Oceanogr.,29: 357—
361.

Reitzel, A.M., Miles, C.M., Heyland, A., Cowart, J.D. and McEdward, L.R. (2005).
The contribution of the facultative feeding period to echinoid larval

development and size at metamorphosis: a comparative approach. J. Exp. Mar.
Biol. Ecol., 317: 189-201.

Relyea, R A. and Auld, J.R. (2004). Having the guts to compete: how intestinal
plasticity explains costs of inducible defences. Ecol. Lett., 7: 869-875.

141



Robinson, S.M. (2004a). A roundtable discussion of the future of aquaculture of sea
urchins. In: Sea Urchins: Fisheries and Ecology proceedings of the
international Conference on Sea-Urchin Fisheries and Aquaculture. Puerto
Varas, Chile, March 25-27, 2003. DEStech Publications.Lancaster, PA.

Robinson, S.M. (2004). The evolving role of aquaculture in the global production of
sea urchins. In: Lawrence, J.M., Guzma'n, O. (Eds.), Sea urchins fisheries and
ecology. DEStech Publications, Lancaster, PA, USA, pp 343-357.

Rodriguez, S.R., Ojeda, F.P. and Inestrosa, N.C. (1993). Settlement of the benthic
marine invertebrates. Mar. Ecol. Prog. Ser., 97: 193-207.

Rogers-Bennett, L., Bennett, W.A., Fastenau, H.C. and Dewees, C.M. (1995). Spatial
variation in red sea urchin reproduction and morphology: implications for
harvest refugia. Ecol. Appl., 5: 1171-1180.

Roller, R.A. and Stickle W.B. (1993). Effects of temperature and salinity acclimation
of adults on larval survival, physiology, and early development of Lytechinus
variegates (Echinodermata : Echinoidea). Marine Biology, 116: 583—-591.

Rowe, F. and Gates, J. (1995). Echinodermata. In: Wells A (ed.) Zoological Catalogue
of Australia, Vol. 33. CSIRO, Melbourne, pp 510.

Rowley, R.J. (1989). Settlement and recruitment of sea urchins (Strongylocentrotus
spp) in a sea urchin barren ground and a kelp bed: are populations regulated
by settlement or post-settlement processes. Mar. Biol., 100: 485-494.

Rowley, R.J. (1990). Newly settled sea urchins in a kelp bed and urchin barren ground:
a comparison of growth and mortality. Mar. Ecol. Prog. Ser., 62: 229-240.

Ruengsawang, N. and Yeemin, T (1999) Preliminary study on bioerosion by sea
urchin, Diadema setosum in coral communities at Khang Khao Island, the
inner gulf of Thailand. Proc. 9" JSPS Joint Sem. Mar. Fish. Sci., pp 323-328.

Rumrill, S.S. (1990). Natural mortality of marine invertebrate larvae. Ophelia, 32:
163— 198.

Rumrill, S.S. and Cameron, R.A. (1983). Effects of gamma aminobutyric acid on the
settlement of larvae of the black chiton, Katharina tunicata. Mar. Biol., 72:
243-247.

Rumrill, S.S and Chia, F.S. (1985) Differential mortality during the embryonic and
larval lives of northeast Pacific echinoids. In: Keegan BF, O’Connor BDS

(eds) Echinodermata. A.A. Balkema, Rotterdam, pp 333-338.

Ruohonen, K. and Grove, D.J. (1996). Gastrointestinal responses of rainbow trout to
dry pellet and low-fat herring diets. J. Fish Biol., 49: 501— 513.

142



Rupp, J.H. (1973). Effects of temperature on fertilization and early cleavage of some
tropical echinoderms, with emphasis on Echinometra mathaei. Mar. Biol., 23,
183-189.

Sarifudin, M., Rahman, M. A., Yu, S. H., Yusoff, F. M. and Arshad, A. (2014).
Effect of salinity on embryonic and early development of a tropical sea urchin,
Salmacis sphaeroides. Iran J Fish Sci, 13 (2): 456-468.

Sarifudin, M., Rahman, M. A., Yusoff, F. M., Arshad, A. and Tan., S. G. (2016).
Effects of temperature on the embryonic and early development in tropical

species of black sea urchin, Diadema setosum (Leske, 1778). J. Environ. Biol.,
37 (Special issue): 657-668.

Sammarco, P.W. (1980). Diadema and its relationship to coral spat mortality: grazing,
competition, and biological disturbance. J. Exp. Mar. Biol. Ecol., 45: 245-272.

Schatt, P. and Féral, J.P. (1996). Completely direct development of Abatus cordatus,
a brooding schizasterid (Echinodermata: Echinoidea) from Kerguelen, with

description of perigastrulation, a hypothetical new mode of gastrulation. Biol.
Bull., 190: 24-44.

Scheibling, R.E. (1986). Increased macroalgal abundance following mass mortalities
of sea urchins (Strongylocentrotus droebachiensis) along the Atlantic coast of
Nova Scotia. Oecologia, 68: 186—198.

Scheibling, R.E. and Stephenson, R.L. (1984). Mass mortality of Strongylocentrotus
droebachiensis (Echinodermata: Echinoidea) off Nova Scotia, Canada. Mar.
Biol., 78: 153—164.

Scheibling, R.E. and Hamm, J. (1991). Interactions between sea urchins
(Strongylocentrotus droebachiensis) and their predators in field and laboratory
experiments. Mar. Biol., 110: 105-116.

Scheltema, R.S. (1986). On dispersal and planktonic larvae of benthic invertebrates:
an eclectic overview and summary of problems. Bull. Mar. Sci., 39: 290-322.

Sewell, M.A. and Young, C.M. (1999). Temperature limits to fertilization and early
development in the tropical sea urchin Echinometra lucunter. J. Exp. Mar.
Biol. Ecol., 236, 291-305.

Sewell, M.A., Cameron, M.J.and McArdle, B.H. (2004). Developmental plasticity
larval development in the echinometrid sea urchin Evechinus chloroticus with
varying food ration. J. Exp. Mar. Biol. Ecol., 209: 219— 237.

Shimabukuro, S. (1991). Tripneustes gratilla (Sea Urchin). In: S. Shokita, K. Kakazu,

A. Tomomi, T. Toma, M. Yamaguchi (Eds.), Aquaculture in Tropical Areas,
Midori Shobo Co. Ltd., Tokyo, pp 313-328.

143



Sieburth, J. Mc. N. (1969). Studies on algal substances in the sea. III. The production
of extracellular organic matter by littoral marine algae. J. Exp. Mar. Biol. Ecol.
3:290-309.

Sinervo, B. and McEdward, L.R. (1988). Developmental consequences of an
evolutionary change in egg size: an experimental test. Evolution, 42: 885—-899.

Slattery, M. (1992). Larval settlement and juvenile survival in the red abalone
(Haliotis rufescens) : An examination of inductive cues and substrate selection.

Aquaculture., 102: 143-153.

Sloan, N.A., Lauridsen, C.P. and Harbo, R.M. (1987). Recruitment characteristics of
the commercially harvested red sea urchin Strongylocentrotus franciscanus in

southern British Columbia, Canada. Fisheries Res., 5: 55-69.

Smith, A.B. (1984). Echinoid Paleobiology. George Allen and Unwin, London.

Starr, M., Himmelman, J.H. and Therriault, J-C. (1990). Direct coupling of marine
invertebrate spawning with phytoplankton blooms. Science, 247: 1071-1074.

Starr, M., Himmelman, J.H. and Therriault, J-C. (1992). Isolation and properties of a
substance from the diatom Phaeodactylum tricornutum which induces
spawning in the sea urchin Strongylocentrotus droebachiensis. Mar. Ecol.

Prog. Ser., 79: 275-287.

Starr, M., Himmelman, J.H. and Therriault J-C. (1993). Environmental control of
green sea urchin, Strongylocentrotus droebachiensis, spawning in the St.

Lawrence estuary. Can. J. Fish Aquat. Sci., 50: 894-901.

Stephenson, T., Stephenson, A., Tandy, G. and Spender, M. (1931). The structure and
ecology of Low Isles and other reefs. Sci. Rep. Great Barrier Reef Exped,. 3:

1-112.

Strathmann, M.F. (1987). Reproduction and development of marine invertebrates of
the northern Pacific coast: Data and methods for the study of eggs, embryos,

and larvae. Seattle: University of Washington Press, pp 684.

Strathmann, R.R. (1971). The feeding behavior of planktotrophic echinoderm larvae:
mechanisms, regulation, and rates of suspension-feeding. J. Exp. Mar. Biol.

Ecol., 6: 109-160.
Strathmann, R.R. (1978a) Evolution and loss of feeding larval stages of marine

invertebrates. Evolution, 32: 894-906.

Strathmann, R.R. (1978b). Larval settlement in echinoderms. In: Chia FS, Rice ME
(eds) Settlement and metamorphosis of marine invertebrate larvae. Elsevier

and North Holland, Amsterdam, pp 235-246.

144



Strathmann, R.R. (1987). Larval feeding. In: Giese, A.C., Pearse, J.S., Pearse, V.B.
(Eds.), Reproduction of Marine Invertebrates: 9, General Aspects: Seeking
Unity in Diversity. Blackwell, Palo Alto, pp 465— 550.

Strathmann, R.R. (1981). On barriers to hybridization between Strongylocentrotus
droebachiensis (O.F. Miiller) and Strongylocentrotus pallidus (G.O. Sars). J.
Exp. Mar. Biol. Ecol., 55: 39-47.

Strathmann, R.R, Jahn, T.L and Fonseca, J.R.C. (1972). Suspension feeding by marine
invertebrate larvae: clearance of particles by ciliated bands of a rotifer, pluteus,
and trochophore. Biol. Bull., 142: 505-519.

Strathmann, R.R. and Leise, E. (1979). On feeding mechanisms and clearance rates of
molluscan veligers. Biol. Bull., 157: 524— 535.

Strathmann, R.R., Fenaux, L. and Strathmann, M.F. (1992). Heterochronic
developmental plasticity in larval sea-urchins and its implications for evolution
of nonfeeding larvae. Evolution, 46: 972— 986.

Strathmann, R.R., Fenaux, L., Sewell, A.T. and Strathmann, M.F. (1993). Abundance
of food affects relative size of larval and postlarval structures of a molluscan
veliger. Biol. Bull. 185: 232—239.

Sutherland, J.P. (1990). Recruitment regulates demographic variation in a tropical
intertidal barnacle. Ecology, 71: 955-972.

Swanson, R.L., Williamson, J.E., De Nys R, Kumar, N., Bucknall, M.P. and Steinberg,
P.D. (2004). Induction of settlement of larvae of the sea urchin Holopneustes
purpurascens by histamine from a host alga. Biol. Bull., 206: 161-172.

Takahashi, Y., Itoh, K., Ishii, M., Suzuki, M. and Itabashi, Y. (2002). Induction of
larval settlement and metamorphosis of the sea urchin Strongylocentrotus

intermedius by glycoglycerolipids from the green alga Ulvella lens. Mar. Biol.,
140: 763-771.

Tegner, M.J. and Dayton, P.K. (1981). Population structure, recruitment and mortality
of two sea urchins (Strongylocentrotus franciscanus and S. purpuratus) in a
kelp forest. Mar. Ecol. Prog. Ser., 5: 255-268.

Tegner, M.J. and Levin, L.A .(1983). Spiny lobsters and sea urchins: analysis of a
predator prey interaction. J. Exp. Mar. Biol. Ecol., 73: 125-150.

The Nature Conservancy (2004). The Diadema Workshop. The Nature Conservancy,

National Fish and Wildlife Foundation and Rosenstiel School of Marine &
Atmospheric Science, pp 29.

145



Thet, M.M., Noguchi, M. and Yazaki, I. (2004). Larval and juvenile development of
the Echinometrid sea urchin Colobocentrotus mertensii: Emergence of the
peculiar form of spines. Zoological Science, 21(3): 265-274.

Thorson, G. (1950). Reproductive and larval ecology of marine bottom invertebrates.
Biol. Rev., 25: 1-45.

Tomas, F., Romero, J. and Turon, X (2004). Settlement and recruitment of the sea

urchin Paracentrotus lividus in two contrasting habitats in the Mediterranean.
Mar. Ecol. Prog. Ser., 282: 173-184

Tuya, F., Sanchez-Jerez, P. and Haroun, R. J. (2005). Influence of fishing and
functional group of algae on sea urchin control of algal communities in the
eastern Atlantic. Mar. Ecol. Prog. Ser., 287: 255-260.

Unabia, C.R.C. and Hadfield, M.G. (1999). Role of bacteria in larval settlement and
metamorphosis of the polychaete Hydroides elegans. Mar. Biol., 133: 55—64.

Underwood, A.J. and Fairweather, P.G. (1989). Supply-side ecology and benthic
marine assemblages. Trends Ecol. Evol., 4. 16-20.

Vaitilingon, D., Eeckhaut, I., Fourgon, D. and Jangoux, M. (2004) Population
dynamics, infestation and host selection of Vexilla vexillum, an ectoparastic
muricid of echinoids, in Madagascar. Dis. Aquat. Org., 61: 241-255.

Vellutini, B.C. and Migotto, A.E. (2010). Embryonic, larval, and juvenile
development of the sea biscuit Clypeaster subdepressus (Echinodermata:
Clypeasteroida). Plos One, 5(3), article €9654.

Villinski, J.T., Villinski, J.C., Byrne, M. and Raff, R.A. (2002). Convergent maternal
provisioning and life-history evolution in echinoderms. Evolution, 56: 1764—
1775.

Volkman, J.K., Dunstan, G.A., Barrett, S.M., Nichols, P.D. and Jeffrey, S.W. (1992).
Essential polyunsaturated fatty acids of microalgae used as feedstocks in
aquaculture. In: G.L. Allan and W. Dall (Editors), Proceedings of the National
Aquaculture Workshops, Pt. Stephens, NSW Australia, April 1991, pp. 180-
186.

Walters, L., Hadfield, M.G. and Carmen, K. A. (1997). The importance of larval choice
and hydrodynamics in creating aggregations of Hydroides elegans
(Polychaeta: Serpulidae). Invertebr. Biol., 116: 102—114.

Watts, R.J., Johnson, M.S. and Black. R .(1990). Effects of recruitment on genetic

patchiness in the urchin Echinometra mathaei in western Australia. Mar. Biol.,
105: 145-151.

146



Wei, T.K., Affendi, Y.A. and Ching, C.V. (2008) A comparative population study on
the Sea Urchin (Diadema setosum) of the Marine Park Centre jetty and
adjacent reefs in Pulau Tioman, Pahang, Malaysia. The South China Sea:
Sustaining Ocean Productivities, Maritime Communities and the Climate.
International Conference, 2008 November 25-29.Kuantan, Pahang, Malaysia.

Williamson, J.E., De Nys, R., Kumar, N., Carson, D.G. and Steinberg, P.D. (2000).
Induction of metamorphosis the sea urchin Holopneustes purpurascens by the

metabolite complex from the algal host Delisea pulchra. Biol. Bull., 198: 332—
345.

Wirtz, P. and Martins, H.M. (1993). Notes on some rare and little known marine
invertebrates from the Azores, with a discussion of the zoogeography of the
region. Arquipe’lago, 11A: 55-63.

Witman, J.D. (1985). Refuges, biological disturbance, and rocky subtidal community
structure in New England. Ecol. Monogr., 55: 421-445.

Wray, G.A. (1992). The evolution of larval morphology during the post-Paleozoic
radiation of echinoids. Paleobiol, 18: 258-287.

Wray, G.A. (1995a). Evolution of larvae and developmental modes. In: McEdward
LR (ed) Ecology of marine invertebrate larvae. CRC Press, Boca Raton, FL,
pp 413-447.

Wray, G.A. (1997). Echinoderms. In: Gilbert, S. F., Raunio, A. M. (Eds.),
Embryology: Constructing the organism, Sinauer Associates, Sunderland,
MA, pp 309-329.

Wu, J-G., Kurokura, H. and Hirano, R. (1990). Hybridization of Pseudocentrotus
depressus egg and cryopreserved sperm of Anthocidaris crassispina and the
morphology of hybrid larva. Nippon Suisan Gakk., 56: 749-754.

Yamaguchi, M. (1973). Early life histories of coral reed asteroids, with special
reference to Acanthaster planci (L). In A Jones, R Endean, eds Biology and
geology of coral reefs. New York: Academic Press, pp 369-387.

Yaroslavtseva, L.M., Sergeeva, E".P. and Zotin, A.I. (1992). Determination of
optimum temperature and salinity for cleavage of sea-urchin eggs. Russ. J.
Mar. Biol., 18, 122—-128.

Yoshida, M. (1956). Some observations on the maturation of the sea-urchin, Diadema
setosum. Annot. Zool. Jpn., 25:265-271.

Yule, A.B. and Walker, G. (1984). The temporary adhesion of barnacle cyprids:

effects of some differing surface characteristics. J. Mar. Biol. Assoc. UK, 64:
429-439.

147



Yund, P.O. (2000). How severe is sperm limitation in natural populations of marine
free-spawners? Trends Ecol. Evol., 15: 10-13.

Yur'eva, M.1., Lisakovskaya, O.V., Akulin, V.N. and Kropoto, A.V (2003). Gonads

of sea urchins as the source of medication stimulating sexual behavior. Russian
J. Mar. Biol. 29(3): 189—193.

148





