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INTRODUCTION 
 

Sea urchins are excellent organisms for demonstrating 
fertilization and early development. They have classically been 
used in embryology and developmental biology courses. This 
study would present information on echinoid development 
under normal and bioactive conditions. Moreover, a description 
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ABSTRACT 

Adults of Strongylocentrotus purpuratus were collected during September to June (2012) and July to 
August (2014) along the northern estruarineharbor of the Arabian Gulf 
of gametes has been carried out by potassium chloride injection using a one ml tuberculin syringe 
quipped with a 26 or 30 gauge needle. Gentle shaking of the animal anticlockwise 90

minutes of injection aided in gamete shedding. Gently sperm and eggs were mixed with a clean 
stirring rod. The different embryonic stages till the complete metam
time schedule for different stages has been tabulated. Embryonic stages 
and were placed on glass slides with embedding mixture of PBS / glycerol / DABCO. Immediate 
viewing and photographing were performed under an Axiomicroscope (ZEISS
very small and extremely motile while the egg (70 to 180 µm in 
Zygote (3 min. after fertilization) has undergone radial holoblastic cleavage till the blastu

4.15 hrs. after fertilization).The early blastula had a blastoderm enclosing a central blastocoel 
(6 hr 20  min. after fertilization). Cilia were developed on the exterior of the blastoderm and gradually 
this embryonic stage hatched and became a free-swimming blastula (8 hr 40 min. after fertilization). 
At the animal pole an apical plate was formed in the form of a thickened region of epithelium with a 
tuft of long cilia while the epithelium at the vegetal pole flattened and thic
plate (16hr  45min.. after fertilization). Ingression of primary mesenchyme cells into the blastocoel 
took place and a new cavity was formed referred to enteron.
(19hr  15min. after fertilization). The blastopore developed into the anal opening of the digestive tract. 
During the prism stage the embryo took the shape of a rounded pyramid (21 hr 20 min. after 
fertilization). Pluteus larva with two arms was developed (24hr  30 min. af

developed into four-armedpluteus (29hr  40 min. after fertilization).  The later fed and developed 
into eight-armed pluteus (145 hr 50 min. after fertilization). A period of extensive feeding and 
continued larval development was required before metamorphosis to a juvenile sea urchinr.
swimming blastulae were subjected to certain bioactive inducers which had been claimed to induce 
metamorphosis, involved in signaling systems, serve in neuronal control, control morphog
behavioral reactions or interact with members of several signal transduction proteins pathways under 
normal physiological conditions. Results of these trails were introduced to One
variance (ANOVA) with P < 0.05 and Dunnett's Multiple Comparison Test with P > 0.05 or P < 0.01. 
It has been concluded that Acetyl choline 0.5 mM, Serotonine10 
NH4ClNH4Cl and cGMP 1 g/ml accelerated the transformation of blastula stage to an advanced 
pluteus larval stage with 8 arms whereas Acetyl choline 30 µ g/ml &
and NH4Cl 300 µM exereted no role in metamorphosis and antibiotic sea water had negligible effect. 
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were collected during September to June (2012) and July to 
of the Arabian Gulf – Saudi Arabia. Procurement 

of gametes has been carried out by potassium chloride injection using a one ml tuberculin syringe 
quipped with a 26 or 30 gauge needle. Gentle shaking of the animal anticlockwise 90◦ after few 

minutes of injection aided in gamete shedding. Gently sperm and eggs were mixed with a clean 
The different embryonic stages till the complete metamorphic plutei were described. The 

Embryonic stages were stained with Nile blue 
and were placed on glass slides with embedding mixture of PBS / glycerol / DABCO. Immediate 

performed under an Axiomicroscope (ZEISS-Axiophot). Sperm are 
egg (70 to 180 µm in ϕ) had yellow to orange jelly-coat.  

Zygote (3 min. after fertilization) has undergone radial holoblastic cleavage till the blastula stage 
4.15 hrs. after fertilization).The early blastula had a blastoderm enclosing a central blastocoel              

(6 hr 20  min. after fertilization). Cilia were developed on the exterior of the blastoderm and gradually 
swimming blastula (8 hr 40 min. after fertilization). 

At the animal pole an apical plate was formed in the form of a thickened region of epithelium with a 
tuft of long cilia while the epithelium at the vegetal pole flattened and thickened to form the vegetal 
plate (16hr  45min.. after fertilization). Ingression of primary mesenchyme cells into the blastocoel 
took place and a new cavity was formed referred to enteron. The larval mouth was formed                        

er fertilization). The blastopore developed into the anal opening of the digestive tract. 
During the prism stage the embryo took the shape of a rounded pyramid (21 hr 20 min. after 
fertilization). Pluteus larva with two arms was developed (24hr  30 min. after fertilization). A pluteus 

armedpluteus (29hr  40 min. after fertilization).  The later fed and developed 
armed pluteus (145 hr 50 min. after fertilization). A period of extensive feeding and 

ment was required before metamorphosis to a juvenile sea urchinr. Free 
swimming blastulae were subjected to certain bioactive inducers which had been claimed to induce 
metamorphosis, involved in signaling systems, serve in neuronal control, control morphogenetic and 
behavioral reactions or interact with members of several signal transduction proteins pathways under 
normal physiological conditions. Results of these trails were introduced to One-way analysis of 

tiple Comparison Test with P > 0.05 or P < 0.01. 
10 g/ml, NOS 2.5 mM, C81 µ M, 

g/ml accelerated the transformation of blastula stage to an advanced 
with 8 arms whereas Acetyl choline 30 µ g/ml & 1 mM, NOS 1.5 mM, C8 10 µM 

and NH4Cl 300 µM exereted no role in metamorphosis and antibiotic sea water had negligible effect.  

access article distributed under the Creative Commons Attribution License, 
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Thorough description of sea urchin development may be 
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Brooks and Wessel, 2004; Bielmyer et al., 2005; Ghorani et 
al., 2012). Most species of echinoids are indirect developers: 
the embryo develops first into a swimming larva that feeds on 
plankton while its adult structures grow inside the larva 
(Gilbert, 2003).At metamorphosis, most larval structures are 
lost and the adult emerges, settles onto the substrate, and grows 
to sexual maturity. Superficially, the adult displays pent radial 
symmetry, while the larva typically has a bilaterian 
organization with left-right and dorsal-ventral (aboral-oral) 
axes (Yajima and Kiyomoto, 2006, Yajimaand Wessel, 2011 
a&b).Echinoids use a developmental strategy where by some 
cells are set aside in embryogenesis as multipotent that will 
eventually contribute to major structures of the adult. These 
multipotent cells include the descendants of small micromeres, 
formed at the fifth cleavage, and contribute only to the 
coelomicsacs (Pehrson and Cohen, 1986; Yajima, et al., 
2007, Yajimaand Wessel, 2012), aprecursor of the adult 
rudiment in postembryonic development. The small 
micromeres do not contribute to any functional structures of the 
embryo. The micromeres are a major signaling center of the sea 
urchin embryo and their removal either at the 16-cell stage, or 
in blastulae, results in significant compensatory development 
and fate transitions within the embryo (Ransick and 
Davidson, 1993, Yajima, et al., 2013). The micromeres are the 
precursor to both the large and small micromeres, and the large 
micromeres have a singular fate of making the larval skeletal 
system. Removal of the large micromeres just prior to 
gastrulation results in trans-fating, whereby other mesodermal 
cells change fate to become skeletogenic cells, a fate they 
would not normally display (Ettensohn and McClay, 1988).  
 
The gonad is composed of five lobes located beneath the 
interambulacral  plates of the  test.  Each  gonad lobe  contains   
hundreds  of tubules  known  as acini  that  often  give  the  
gonad an  appearance  of a  cluster  of grapes. The  parietal  
layer  of the acinus is  commonly form  the  germinal 
epithelium  and is   comprised  of two  primary cell types;  
germ cells (ova or sperm)  and  somatic  cells  that known  as  
nutritive  phagocytes.  Nutritive phagocytes  store  nutrients  
that  can  be mobilized  to developing  germ  cells  or used  to  
sustain physiological processes  during  periods of  starvation                 
(Holland  and Giese,1965;Unuma, 2002;Unumaet al., 2003; 
Spirlet et al., 2000;  Walker et al., 2001). Nutritive  
phagocytes  are also  responsible  for  phagocytizing  relict 
germ  cells  after spawning (Holland and Giese, 1965).  
 
In the Echinoidea  it is  suggested  that there  may be a dynamic  
relationship between  the germ cells and  non germ cells , 
which  are variously  known  as  follicle cells, accessory    cells 
and mutative phagocytes (Holland  and Giese, 1965; 
Chatlynne, 1969; Bal, 1970; Yajima et al., 2013). The  annual  
changes  that  take  in the  accessory  cells  are poorly  
understood , and the function  of the accessory  cell is still  
under discussion (Takashima and  Tominaga, 1978). 
 
Thus during  game to genesis, the gonad may exhibit  a variety  
of changes in major  cell populations (Unuma, 2002; Walker              
et al.,  2007) and biochemistry  (Chatlynne, 1969;  Montero-
Torreiro and Garcia--Martinez, 2003; Unuma et al., 2003). 
Since   many  echinoids  exhibit  an annual  gonad  cycle,  
seasonal  changes in biotic  and abiotic factors may  play  an 

important role  in regulating  the cycle. Food   availability, 
photoperiod, and  temperature  can  significantly  influence  the  
reproductive  cycles  of sea  urchins  (Pearse et al., 1986;  
Yamamoto et al., 1988;  Ito et al., 1989; Sakairi et al., 1989;  
Pearse  and Cameron , 1991; Spirlet et al., 2000;  Garrido 
and Barber, 2001;  Kelly, 2001; Shpigel et al.,  2004; 
Walker et al.,  2007). Pearse  and Cameron  (1991)  
concluded  that the effect  of  temperature on the  game to 
genic cycle  in echinoids is  species specific. The experiments 
performed on sea urchin embryos using chemical agents and 
the classic blastomere recombination experiments performed 
by Horstadius (1939; 1973) paved the way for ideas about 
graded distributions of morphogenetic substances in the 
embryo. The sea urchin also provided useful material for 
studying many aspects of nucleic acid structure, complexity, 
and function in the early days of molecular biology (reviewed 
by Davidson, 1989). The reader interested in the historical role 
played by sea urchin embryos in the emergence of 
developmental biology, and the importance and relevance of 
such experiments today is referred to Wilt (1987), Davidson 
(19856,1989; 1990) and Livingston and Wilt (1990).More 
recently, the sea urchin embryo has been used as a convenient 
system for studying morphogenetic movements and cell 
interactions during gastrulation, the changes in gene expression 
associated with the establishment of tissue territories along the 
embryonic axes, and phylogenetic variability and associated 
modifications in early development (Briggs and Wessel, 
2006). For methods of maintaining adults, obtaining gametes, 
and culturing embryos, (see Hinegardner et al., 1967; 
Hinegardner, 1975 and Leahy 1986). General methods for 
culturing and experimentally manipulating embryos can be 
found in Harvey (1956), Horstadius (1973) and Schroeder 
(1986). 
 
Sea urchin and sand dollar gametes can be obtained in large 
numbers by intracoelomic injection of 0.5M KCl or by 
electrical stimulation; this leads to the shedding of gametes into 
sea water (in the case of eggs) or 'dry' into a dish (in the case of 
sperm). Depending on the species, several millilitres of ripe 
eggs or sperm can be obtained from a single animal and the 
embryos can be conveniently reared in finger bowls or in 
stirring cultures. Mature sea urchin eggs, unlike eggs from 
many other animals, have completed meiosis and the extrusion 
of polar bodies in the ovary to produce a haploid gamete. 
Immediately opposed to the egg plasma membrane is the 
vitelline envelope which contains the glycoproteins essential 
for species-specific fusion of sperm and egg, while freshly shed 
eggs are surrounded by a jelly coat. Marking the jelly coat with 
small ink particles reveals the jelly canal, a marker for the 
animal pole of the egg first described by Boveri (1901) and 
more recently re-investigated, and the importance and 
relevance of such experiments today is referred to Wilt (1987), 
Davidson (1989; 1990) and Livingston and Wilt (1990). 
 

MATERIALS AND METHODS 
 
Animals 
 
Adults of  Strongylocentrotus purpuratus were collected during 
September to June (2012) and July to August (2014) along the 
northern estuarineharbor of the Arabian Gulf – Saudi Arabia, 
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transported alive in plastic aquaria containing well aerated sea 
water to the laboratory and placed in large glass aquaria 
containing well aerated sea water (changed every other 
day).Procurement of gametes has been carried out by potassium 
chloride injection (Tyler 1949; Hinegardner et al., 1967; 
Fuseler 1973): A volume (0.1 to 1 .0 ml) of 0.5 M potassium 
chloride (isotonic to sea water) has been injected intra-
coelomically using a one ml tuberculin syringe equipped with a 
26 or 30 gauge needle. Gentle shaking of the animal after 
injection anticlockwise 90◦ would distribute the potassium 
chloride to all gonads. This injection has been given through the 
soft tissue on the oral surface of the animal. Gamete shedding 
would begin several minutes after the injection is given. An egg 
suspension has been prepared by placing several drops of 
washed eggs in a small petri dish containing app. 200 ml of sea 
water. A dilute sperm suspension has been prepared by placing 
one drop of concentrated semen in a test tube containing app. 10 
ml of seawater, Mixed with a clean pipette to obtain a uniformly 
milky suspension. Adding two drops of the dilute sperm 
suspension to the egg suspension. Gently sperm and eggs were 
mixed with a clean large-bore pipette, wooden stick, or / and 
stirring rod. Eggs would be checked for fertilization app. two 
minutes after insemination. This can be done by placing a 
sample in a small dish or by making a wet mount on a slide. 
Successful fertilization was indicated by the presence of a 
fertilization envelope around each egg.The Fertilized eggs were 
washed and then grown at 20°C. The fertilized eggs and the 
different embryonic stages of development till the complete 
metamorphic pluteiwere observed. The time schedules for 
different stages were tabulated (Table 1).  
 

Table 1. Stages of early embryonic development of  Strongylocentrotus 
purpuratus.  A total of 20 stages are divided into five periods. Parentheses 
in each period mean the start-time and end time of each period at 20°C 

 

Stage 
Time duration 
after  fertilization 

% of hatching 

Fertilized egg (zygote) 0 min. 15% 
Formation of fertilization 

membrane 
3 min. 40% 

Cleavage period (3.50-4.15hrs) 
2-cell 1hr10min. 25% 
4-cell 1hr40 min. 20% 
8-cell 2hr 50 min. 25% 
16-cell 3hr 15 min. 20% 
32-cell 3hr 55 min. 27% 
64-cell  (Morula stage) 4 hr 15 min. 29% 
Blastula Period (5.50-6.20 hr) 
128-cell (Early blastula) 6 hr 20 min. 19% 
Mid blastula (cilia formation) 8 hr 40 min 20% 
Late blastula (hatching stage) 11 hr 10 min. 30% 
Gastrula Period (26.50-29.40 hr) 
App. 150-cell, initial gastrula 13hr  50 min. 29% 
early gastrula (ingression of 
primary mesenchyme cells) 

14hr   10 min. 35% 

mid gastrula (primary invagination) 16hr  45min. 30% 
late gastrula  (secondary 
invagination) 

19hr  15min. 36% 

Prism stage 21 hr 20 min. 50% 
Pluteus larva with 2 arms 24hr  30 min. 51% 
Pluteus larva with 4 arms 29hr  40 min. 49% 
metamorphosed pluteus larva (145 – 146 hr) 
advanced pluteus larva with 8 arms 145 hr 50 min  55% 

 

Macroscopic observation 
 

Embryonic stages were then prepared for phase contrast 
photomacroscopy. Samples were stained with Nile blue and 

were placed on glass slides with embedding mixture of PBS / 
glycerol / DABCO. Immediate viewing and photographing 
were performed under an Axiomicroscope (ZEISS-Axiophot). 
The description of almost all stages of development till 
metamorphosis was carried out on live stages under 
Axiomicroscope since all embryonic stages are about 0.5 - 
0.9µm long and transparent. Nile blue has been applied trying 
to clarify the transformation of the subsequent stages as well as 
to expose the morphological appearance of each stage. The 
photos did not clarify all described structures since most 
descriptions were carried out on live stages. 
 
Immunocytochemical techniques 
 
In this study a considerable number of blastulae (hatching stage) 
(??hr??min) were collected alive under a stereomicroscope from 
the culture and transferred to wells of 24-well plastic tissue culture 
dishes. These selected blastulae were subjected to certain bioactive 
inducers that enhanced metamorphosis in hydrozoans, echinoderms 
and ascidian species. In each well about 25blastulae were placed 
with sea water. The first well was left as a control, antibiotics were 
added in the second well and in the third well heavy metals were 
added to the sea water while in the other wells the sea water was 
sucked and replaced with NH4Cl (2.5 mM& 300 µM),  C8                   
(1,2-dioctanyl-rac-glycerol, (10 µ M, 1 µ M &0.1 µ M), NOS                 
(1 mM, 1.5 mM& 2.5 mM), Serotonin (10 g/ml) and Acetyl 
choline (10 mM, 1 mM and 0.5 mM) respectively. Serotonin, NOS 
and Acetyl choline were obtained from Sigma Chemical Corp. 
These blastulae were tested every 24 hrs till 114 hrs (6 days) and 
commented on (Table 1). The experiments were carried out in 
triplicate. In all wells, food suspension (Mikrozell) has been 
added in equal amount. The purpose of this experiment was to 
investigate metamorphosis under the influence of externally 
applied chemicals which had been claimed to:   

 
1. Induce metamorphosis in an ascidians (Ammonia, Berking 

and Hermann, 1990),  
2. involved in signaling systems (C8, 1,2-dioctanyl-rac-glycerol, 

an activator of protein kinase C) (Bishop, et al., 2008),  
3. Serve in neuronal control (neurotransmitters acetylcholine and 

serotonine) (Bishop et al., 2008),  
4. Control morphogenetic and behavioral reactions as in the 

hydroid Hydractiniaechinata  (the neuropeptides LW-amide 
and RF-amide, Plickert and Schneider,  2004). These 
substances were screened for putative inductive or inhibitory 
effects on metamorphosis of Ascidellaaspersa larvae Kriegel 
(1996).  

5. Nitric oxide synthase (NOS) activity depends on the molecular 
chaperone heat shock protein 90 (HSP90) which interacts with 
members of several signal transduction proteins pathways 
under normal physiological conditions (Bishop, et al., 2008). 

 
ABS = antibiotic sea water; 
C8 = 1,2-dioctanyl-rac-glycerol 
PPTA (stock)= PPTA is (5 ml Triton X-100, 1 g sodium azide 
added to 900 ml PBS  
PPTA (working solution): add 10 ml horse serum to 100 ml 
PPTA stock solution  
PBS  = Phosphate buffered saline 
FITC =Fluorescein-isothiocyanat (Fluorochrome) 
DABCO = Diazabicyclo-(2,2,2) Octane 
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Statistical analysis 
Analysis of variance (ANOVA) is a broad group of techniques 
for identifying and measuring different sources of variation 
within the data set. It consists of a set of procedures by which a 
variance of the random variable is broken down by certain 
sources of variation of its value. With the components of 
variance, depending on the sources, one can conclude if there is 
a significant difference between the values of dependent 
variable for different levels of the observed factor variables. In 
the present study, a one-way analysis of variance is used to 
compare the different developmental stages of the sea urchin 
from blastula stage to newly metamorphosed echinoid. If the 
above-mentioned assumptions for ANOVA are not met, the 
Newman-Keuls Multiple Comparison Test is used for 
determining whether four or more independent samples 
originate give a clear cut differences. When this test leads to 
significant results, at least one sample differs from the others. A 
principal component analysis is a standard tool in modern data 
analysis. It is a simple, nonparametric method for extracting 
relevant information out of confusing data sets. Principal 
component analysis is concerned with the interpretation of the 
variance and covariance structure of the original set of variables 
through a small number of their linear combinations. The 
general objectives of principal component analysis are data 
reduction and interpretation. In order to reduce the number of 
variables.  
 

RESULTS 
 
The sea urchin Strongylocentrotus purpuratus (2.5-10 cm in ϕ) 
hasa purple color (juveniles may be light green).  It may be 
found intertidally or sub tidally. Ambulacral pore pairs 
arranged in curving arcs of eight on upper side of test. 
Identification of the sea urchin under investigation has been 
carried out according (Ziegler et al., 2014). External 
dimorphism is absent and  sexes can be determined only after 
gamete shedding  has begun or following biopsy of the gonads. 
Macroscopically, the gonad is lobulated and is located beneath 
the interambulacral plates.  Each  gonadal lobule consists of 
manyacini. Germ cells and somatic cells constitute the exterior 
lining of the acinus. In other expressions the germinal 
epithelium  can be differentiated into  two  primary cell types;  
germ cells and  somatic cells.  The histological pictures of the 
ovary showed that from December to March, the main bulk of 
the ovary is filled with accessory cells containing numerous  
globules (15 -20 µm in ϕ). Small oocytes about 10µm in ϕ are 
observed along the ovarian wall. From March to May the 
growing oocytes enlarged rapidly and many yolk granules of 
various size were observed in the ooplasm. During May  and 
June, the  full-sized  oocytes undergo  reduction  divisions  and 
move  toward the centre  of  the ovary  to be  stored  as  mature  
ova  until   they  are  spawned.  As the reproductive season 
begins, the ovary is almost completely filled with   ova and 
very few accessory cells. After  the  end of the spawning 
season, the  space  occupied  by  accessory  cells  increased  
and the ovary contained unshed ova  which are  in the  process 
of autolysis. During metamorphosis dramatic developmental 
changes occur, transforming the larval form into an adult sea 
urchin. Sea urchin sperm are very small and extremely active, 
consisting of a head and a tail. The larger ova were yellow to 
orange and measured 70 to 180 µm in ϕ with eccentrically 

located nucleus (Fig. 1).Polar bodies were not observed. Many 
cortical granules of different sizes were observed underneath 
the plasma membrane. The ovum was enclosed in a vitelline 
membraneand a thick  jelly coat outside it. Few drops of sperm 
suspension were added to the ova culture in the laboratory and 
both gamete fusion and nuclei fusion with penetration and 
copulation paths were observed. After fertilization the 
metabolically quiescent egg was stimulated to begin its 
embryogenesis. Following the fusion of the gametes, the 
vitelline membrane was transformed into a thick fertilization 
membrane (3 min. after fertilization), and the cortical granules 
distributed randomly in the ooplasm (Fig. 2).  This caused a 
folding of the ovum surface and the fertilization membrane to 
be lifted away from the plasma membrane. It was observed that 
the sperm nucleus united with the ovum nucleus by the time the 
fertilization membrane has been completely elevated from the 
plasma membrane. Zygote has undergone  radial holoblastic 
cleavage (3.50-4.15 hrs after fertilization) (see Table 1). The 
first two cleavages are meridional and perpendicular to one 
another, passing through the animal and vegetal poles to 
produce first two and then four blastomeres of equal size (1 hr 
40 min. after fertilization) (Figs. 3-4).  The third cleavage is 
equatorial, separating the cleaved zygote into an animal and 
vegetal quartet (2 hr 50 min. after fertilization) (Fig. 5).The  
fourth  cleavage (3hr 15 min. after fertilization) was very 
different from  the first  three ones. The four blastomeres of the 
animal tier divide meridionally into eight blastomeres, each 
with the same size. These blastomeres were called mesomeres. 
The vegetal tier underwent unequal equatorial  cleavage  to  
produce four large macromeres, and  four  smaller  micromeres 
(Fig. 6). At the fifth cleavage (3hr 55 min. After fertilization) 
(Fig. 7).  The mesomeres divide equatorially and the producing 
micromeres lie at the vegetal tier produced two animal tiers. At 
the sixth cleavage (4 hr 15 min after fertilization), all 
blastomeresdivided equatorially to produce a 64-cell stage with 
five tiers (Fig. 8). At the seventh cleavage (6 hr 20 min. after 
fertilization), all cells divide meridionally toproduce a 128-cell 
blastula. During the blastula stage, cells no longer cleave 
synchronously: as development proceeds(11 hr 10 min. after 
fertilization) (Fig. 9). Divisions of local groups of blastomeres 
remain synchronous. The early blastula has a blasoderm of 
epithelial cells enclosed a central blastocoel. The blasttoderm 
eventually became impermeable by the mid-blastula stage (8 hr 
40 min. after fertilization). At the mid-blastula stage, cilia were 
developed on the exterior of the blastoderm and this stage 
began to rotate within the fertilization membrane, and later 
membrane autolyzed gradually allowed this embryonic stage to 
hatch and become a free-swimming blastula (8 hr 40 min. after 
fertilization) (Figs. 10-11). After blastulation and hatching, 
there was an observable decrease in the rate of blastomere 
division (13hr 50 min.hrsafter fertilization). At the animal pole 
an apical platewas formed in the form of a thickened region of 
epithelium with a tuft of long cilia while the epithelium at the 
vegetal pole flattened and thickened to form the vegetal plate 
(16hr 45min.after fertilization) (Fig. 12). Ingression of primary 
mesenchyme cells into the blastocoel took place and a new 
cavity was formed referred to enteron. Blasomeres at the tip of 
the enter on protruded, extending elongations in to the 
blastocoel. Eventually the enter on elongated across the 
blastocoel, and its tip attached to the ventral ectoderm near the 
animal pole 
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Ultimately the tip of the enteron fused with the ectoderm to 
form the larval mouth(19hr 15min. after fertilization)(Fig. 13).  
The eversion of the late gastrula is a complex event.  At the end 
of gastrulation the enteron tip bended and began to shift 
position toward one side of the embryo. At the point of contact 
between the enteron tip and the overlying ectoderm, the 
ectoderm invaginated to form the future stomodaeum. At the 
stomodaeum the larval mouth and the anterior opening of the 
digestive tract developed (19hr  15min.after fertilization)              
(Fig. 14). The blastopore developed into the anal opening of 
the digestive tract. This tract later differentiated into an 
eosophagus, stomach, and intestine. During the prism stage the 
embryo took the shape of a rounded pyramid (21 hr 20 min. 
after fertilization) (Fig. 15).  The side of the embryo containing 
the stomodaeum becomes flattened forming the oral surface of 
the developing larva. The blastoporal side of the embryo also 
becomes flattened and forms the anal surface of the developing 
larva. A band of cilia developed around the stomodaeum.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
As this occurred the apical tuft disappeared and the embryo 
elongates slightly along the dorso-ventral axis (Figs. 16-18).  
As development proceed two arms developed, the preoral arms 
(24hr 30 min. after fertilization) (Figs. 19-22).Two additional 
arms, the postoral arms, appeared and extend out from the 
junction of the oral and anal surfaces(29hr  40 min. after 
fertilization) (Fig. 23). When completely formed the postoral 
arms are longer than the preoral arms. Because of the changes 
in the shape of the larva, the developing digestive tract is bent 
into a J-shape. The stomach enlarged and filled a large part of 
the body of the pluteus. A pluteus larva at this stage of 
development is referred to as the fourarmed pluteus larva. As 
the four-armed pluteus fed it developedinto the eight-armed 
pluteus larva (145 hr 50 min. after fertilization). A period of 
extensive feeding and continued larval development is required 
before metamorphosis to a juvenile sea urchin occur (Fig. 24). 
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LEGENDS 
 
Fig. 1. Phase contrast photomicrograph of a whole mount of a secondary oocyte of the sea urchin Strongylocentrotus purpuratus. Note, 
it had yellow to orange jelly-coat and  measured 70 to 180 µm in ϕ with eccentrically located nucleus. Polar bodies were not observed. 
Many cortical granules of different sizes were observed underneath the vitelline membrane. Fig. 2. Phase contrast photomicrograph of a 
whole mount of a fertilized ovum of the sea urchin Strongylocentrotus purpuratus. Note,  a fertilization membrane was formed and the 
cortical granules were randomly distributed in the ooplasm. Fig. 3. Phase contrast photomicrograph of  the onset of cleavage division in 
the sea urchin Strongylocentrotus purpuratus. Zygote has undergone radial holoblastic cleavage. The first cleavage furrow (indicated by 
an arrow) was meridional passing through the animal and vegetal poles to produce first two blastomeres of equal size. Fig. 4. Phase 
contrast photomicrograph of  the second cleavage division in the sea urchin Strongylocentrotus purpuratus. The second cleavage furrow 
(indicated by an arrow)was meridional and perpendicular to the first one, passing through the animal and vegetal poles to produce                
four blastomeres of equal size. Fig. 5. Phase contrast photomicrograph of  the third cleavage division in the sea urchin 
Strongylocentrotus purpuratus. The third cleavage (indicated by an arrow)is equatorial, separating the cleaved zygote into an animal and 
vegetal quartet  Fig. 6. Phase contrast photomicrograph of  the fourth cleavage division in the sea urchin Strongylocentrotus purpuratus. 
Note, the four blastomeres of the animal tier divide meridionally into eight blastomeres, each  with the same size. These blastomeres 
were called mesomeres. The vegetal  tier  underwent unequal  equatorial  cleavage  to  produce four large macromeres, and  four  smaller  
micromeres. Fig. 7. Phase contrast photomicrograph of  the fifth cleavage division in the sea urchin Strongylocentrotus purpuratus. 
Note, at the fifth cleavage the mesomeres divide equatorially and the producing micromeres lie at the vegetal tier produced two animal 
tiers. Fig. 8. Phase contrast photomicrograph of  the sixth cleavage division in the sea urchin Strongylocentrotus purpuratus. Note, at the 
sixth cleavage, all blastomeres divided equatorially to produce a 64-cell stage with five tiers. Fig. 9. Phase contrast photomicrograph of 
the seventh cleavage division in the sea urchin Strongylocentrotus purpuratus. Note, at the seventh cleavage all cells divide meridionally 
to produce a 128-cell blastula. During the blastula stage, cells no longer cleave synchronously. Figs. 10-11. Phase contrast 
photomicrographs of the blastula stage of the sea urchin Strongylocentrotus purpuratus. Note, Divisions of local groups of blastomeres 
remain synchronous. The blastoderm became thick.  Cilia were developed on the exterior of the blastoderm. Fig. 12. Phase contrast 
photomicrograph of the gastrula stage of the sea urchin Strongylocentrotus purpuratus. Note, there was an observable decrease in the 
rate of blastomere division. At the animal pole an apical plate was formed in the form of a thickened region of epithelium with a tuft of 
long cilia while the epithelium at the vegetal pole flattened and thickened to form the vegetal plate. Cilia were overlooked because of 
ligh. Fig. 13. Phase contrast photomicrograph of the gastrula stage of the sea urchin Strongylocentrotus purpuratus. Note, ingression of 
primary mesenchyme cells into the blastocoel took place and a new cavity was formed referred to enteron.  Blasomeres  at the tip of the 
enteron protruded, extending elongations  into the blastocoel. Eventually the enteron elongated across the blastocoel, and its tip attached 
to the ventral ectoderm near the animal pole. Ultimately the tip of the enteron fused with the ectoderm to form the larval mouth. Fig. 14. 
Phase contrast photomicrograph of the gastrula stage of the sea urchin Strongylocentrotus purpuratus. Note, at the end of gastrulation 
the enteron tip bended and began to shift position toward one side of the embryo. At the point of contact between the enteron tip and the 
overlying ectoderm, the ectoderm invaginated to form the future stomodaeum. At the stomodaeum the larval mouth and the anterior 
opening of the digestive tract developed. Fig. 15. Phase contrast photomicrograph of the gastrula stage of the sea urchin 
Strongylocentrotus purpuratus. Note, the blastopore developed into the anal opening of the digestive tract. This tract later differentiated 
into an eosophagus, stomach, and intestine. During the prism stage the embryo took the shape of a rounded pyramid. Figs. 16-18. Phase 
contrast photomicrographs of the gastrula stage of the sea urchin Strongylocentrotus purpuratus. Note, The side of the embryo 
containing the stomodaeum becomes flattened forming the oral surface of the developing larva. The blastoporal side of the embryo also 
becomes flattened and forms the anal surface of the developing larva. A band of cilia developed around the stomodaeum. As this 
occured the apical tuft disappeared and the embryo elongates slightly along the dorso-ventral axis. Figs. 19-22. Phase                             
contrast photomicrographs of the gastrula stage of the sea urchin Strongylocentrotus purpuratus. Note, As development proceed                  
two arms developed, the preoral arms. Fig. 23. Phase contrast photomicrographs of the gastrula stage of the sea urchin 
Strongylocentrotus purpuratus. Note, two additional arms, the postoral arms, appeared and extend out from the junction of the oral and 
anal surfaces.  Fig. 24. Phase contrast photomicrographs of a newly juvenile stage of the sea urchin Strongylocentrotus purpuratus. 
Note, a period of extensive feeding and continued larval development is required before metamorphosis to a juvenile sea urchin occur. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2.  Effect of bioactive inducers on metamorphosis of free swimming blastula stage till advanced pluteus larva with 8 arms 
 

Bioactive chemical 
control 
 

Its conc. 
No. tested 
blastulae 

Obtained 
stage 

after  24 hr after  48 hr after 146 hr 

1st trail 
2nd 
trail 

3rd trail 
1st 

trail 
2nd 
trail 

3rd 
trail 

1st 
trail 

2nd 
trail 

3rd 
trail 

Sea water -- 26* 
25** 
23*** 

B 5 5 4 2 3 2 0 0 0 

G 7 3 4 4 2 3 0 0 0 

P 3 2 1 3 3 2 1 0 1 
PS1 0 0 0 3 1 1 1 3 1 

PS2 0 0 0 1 1 1 1 2 4 

A 0 0 0 0 0 0 4 2 2 
D 11 15 14 2 2 7 8 3 1 

Antibiotic sea 
water 

-- 21* 
27** 
26*** 

B 10 10 11 5 3 6 0 0 0 

G 2 6 3 4 5 7 0 0 0 

P 3 3 4 2 7 7 1 2 1 
PS1 0 0 0 2 1 2 3 5 4 

PS2 0 0 0 1 2 1 4 7 6 

A 0 0 0 0 0 0 4 5 5 
D 6 8 8 1 1 2 3 0 3 

cGMP 1 µ M 23* 
28** 
25*** 

B 4 4 6 1 1 1 0 0 0 

G 3 3 3 1 1 1 0 0 0 
P 13 15 11 4 2 1 0 0 0 

PS1 0 0 0 6 4 9 1 0 0 
PS2 0 0 0 12 21 13 0 1 0 

   A 0 0 0 0 0 0 19 21 19 
D 3 6 5 1 0 1 0 0 1 

NH4Cl 
 
 

2.5 mM 26* 
25** 
24*** 

B 6 4 2 1 1 1 0 0 0 
G 2 1 2 1 1 1 0 0 0 
P 11 15 14 2 2 1 0 0 0 
PS1 0 0 0 5 6 2 0 0 0 

PS2 0 0 0 11 10 12 0 0 1 

Y 0 0 0 0 0 0 19 19 17 

D 7 5 6 1 0 0 0 0 0 
300 µM 29* 

22** 
25*** 

B 6 6 6 3 3 2 0 0 0 

G 3 2 1 3 3 3 0 0 0 

P 1 1 1 3 1 1 1 0 0 
PS1 0 0 0 1 0 1 2 3 2 
PS2 0 0 0 0 0 0 2 3 3 
A 0 0 0 0 0 0 5 3 3 

D 19 13 17 0 0 1 0 0 0 
C8 10 µ M 27* 

26** 
30*** 

B 6 5 6 3 2 3 0 0 0 
G 3 2 1 2 2 2 0 0 0 

P 1 2 2 1 1 1 2 1 1 

PS1 0 0 0 2 1 1 2 2 2 
PS2 0 0 0 0 0 1 3 2 4 
A 0 0 0 0 0 0 2 3 1 
D 17 17 21 2 3 1 1 1  

1 µ M 24* 
27** 
22*** 

B 4 3 2 1 1 2 0 0 0 

G 3 3 4 1 1 1 0 0 0 

P 13 15 11 4 1 1 0 0 0 

PS1 0 0 0 3 2 3 0 0 0 

PS2 0 0 0 11 17 10 0 0 0 

A 0 0 0 0 0 0 20 20 17 

D 4 6 5 0 0 0 0 1 0 
0.1 µ M 
 

26* 
25** 
27*** 

B 5 6 14 2 2 9 0 0 0 

G 3 2 4 3 2 3 0 0 0 
P 1 2 1 3 5 6 2 3 4 
PS1 0 0 0 1 1 1 1 4 5 
PS2 0 0 0 0 0 0 2 5 6 
A 0 0 0 0 0 0 3 4 3 
D 17 15 8 0 0 0 1 0 1 

NOS  
1 mM 

28* 
23** 
21*** 

B 5 4 3 1 1 1 0 0 0 

G 2 3 4 2 2 1 0 0 0 

P 15 13 12 4 3 1 0 0 0 
PS1 0 0 0 4 2 3 0 0 0 
PS2 0 0 0 11 11 13 22 19 18 
Y 0 0 0 0 0 0 22 19 18 
D 6 3 2 0 0 0 0 1 1 

 
1.5 mM 
 

25* 
24** 
28*** 

B 7 7 6 3 2 2 0 0 0 

G 3 2 3 2 3 2 0 0 0 

P 1 1 2 2 2 3 0 0 0 
PS1 0 0 0 1 1 2 3 2 3 

PS2 0 0 0 1 1 1 3 4 5 

A 0 0 0 0 0 0 4 3 3 
D 14 14 17 2 1 1 1 0 0 

2.5 mM 26* 
28** 
24*** 

B 3 6 5 0 0 1 0 0 0 

G 2 3 2 1 1 1 0 0 0 

P 15 12 11 1 1 1 0 0 0 
PS1 0 0 0 6 1 2 0 0 0 

PS2 0 0 0 12 17 13 0 0 0 

A 0 0 0 0 0 0 20 21 17 
D 6 7 6 0 1 0 0 0 1 
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Bioactive chemical 
control 
 

Its 
conc. 

No. tested 
blastulae 

Obtained 
stage 

after  24 hr after  48 hr after 146 hr 
1st 

trail 
2nd 
trail 

3rd 
trail 

1st 
trail 

2nd 
trail 

3rd 
trail 

1st 
trail 

2nd 
trail 

3rd 
trail 

 

Seratonin 10 g/ml 27* 
22** 
26*** 

B 5 6 5 0 0 0 0 0 0 

G 2 1 2 1 1 1 0 0 0 

P 15 11 14 1 2 1 0 0 0 
PS1 0 0 0 4 3 2 0 0 0 

PS2 0 0 0 16 12 17 0 0 0 

A 0 0 0 0 0 0 22 16 20 

D 5 4 5 0 0 0 0 2 1 
Acetyl choline 1 mM 

 
23* 
27** 
28*** 

B 9 10 7 4 4 3 0 0 0 

G 3 3 3 3 4 3 0 0 0 

P 1 2 1 3 5 2 2 3 1 

PS1 0 0 0 2 1 2 3 4 3 
PS2 0 0 0 0 0 2 4 6 2 
A 0 0 0 0 0 0 5 3 4 

D 10 12 17 1 1 0 0 0 1 
0.5 mM 
 

30* 
27** 
26*** 

B 7 5 3 1 1 1 0 0 0 

G 4 2 1 1 2 1 0 0 0 

P 16 15 17 1 2 1 0 0 0 
PS1 0 0 0 6 4 1 0 0 0 
PS2 0 0 0 18 13 17 0 0 0 
A 0 0 0 0 0 0 27 21 19 
D 3 5 5 0 0 0 0 0 2 

30 µ g/ml 25* 
24** 
28*** 

B 7 7 7 3 3 2 0 0 0 

G 2 3 1 3 4 3 0 0 0 

P 1 1 1 1 1 1 2 1 0 

PS1 0 0 0 1 1 1 2 2 2 
PS2 0 0 0 0 0 0 3 4 3 
A 0 0 0 0 0 0 4 4 3 

D 15 13 19 2 1 2 1 0 1 

*    = No. of  tested blastulae in the first trail B = blastula P = Prism stage PS1 = Pluteus larva with 2 arms **   = No. of  tested blastulae in the second trial    G  = 
gastrulaA = Advanced pluteus PS2  =  Pluteus larva with 4 arms  *** = No. of  tested blastulae in the third trial d =  died stage 

 

Table 3.  Percentage of prism stage, pluteus larva with 4 arms and advanced stage of pluteus larva with 8 arms 
of the total number of blastulae transformed (sum of the three replicates) subjected tocontrol  or treatment 

 

Bioactive chemical (or)  
control 

Its  conc 
Number 
of blastulae 

After 24 hr After 48 hr After 146 hr 
% of prism stage % of pluteus larva with 4 

arms 
% of advanced stage of pluteus larva  
with 8 arms 

sea water -- 74 4.44 % 2.22 % 5.92 % 
ABS --   74 7.4 % 3.7 % 10.36 % 
cGMP 1 µ M 76 29.64 % 34.5 % 44.84 % 
NH4Cl 2.5 mM 75 30 % 24.75 % 41.25 % 
NH4Cl 300 µM 76 2.28 % 0 % 8.36 % 
C8 10 µM 83 4.15 % 0 % 4.98 % 
C8 1 µ M 73 28.47 % 27.74 % 41.61 % 
C8 0.1µM 78 3.12 % 0 % 7.8 % 
NOS 1 mM 72 28.8 25.2 % 42.48 % 
NOS 1.5 mM 77 3.08 % 2.31 % 7.7 % 
NOS 2.5 mM 78 29.64 % 33.54 % 45.24 % 
Serotonine 10 g/ml 75 30 % 33.75 % 43.5 % 
Acetyl choline 1 mM 78 3.12 % 0 % 9.36 % 
Acetyl choline 0.5 mM 83 39.84 % 39.84 % 55.61% 
Acetyl choline 30 µ g/ml 77 2.31 % 0 % 8.47 % 
 

Table 4. One-way analysis of variance and Dunnett's Multiple Comparison Test to analyze the total number of blastulae succeeded to 
undergo metamorphosis under control and bioactive conditions. 

 

Table Analyzed     

Data Table-total number of blastulae transformed     
One-way analysis of variance    
P value P<0.0001     
  P value summary ***     
  Are means signif. different? (P < 0.05) Yes     
  Number of groups 15     
  F 21,34     
  R squared 0,9087     
ANOVA Table SS df MS   
  Treatment (between columns) 11530 14 823,6   
  Residual (within columns) 1158 30 38,6   
  Total 12690 44    
Dunnett's Multiple Comparison Test Mean Diff. q P value 95% CI of diff 
  sea water vs ABS -2,96 0,5835 P > 0.05 -18.16 to 12.24 
  sea water vs cGMP -32,13 6,335 P < 0.01 -47.33 to -16.93 
  sea water vs NH4Cl  2.5 mM -27,81 5,482 P < 0.01 -43.01 to -12.61 
  sea water vs NH4Cl 300 µM 0,6467 0,1275 P > 0.05 -14.55 to 15.85 
  sea water vs C8 10 µM 1,15 0,2267 P > 0.05 -14.05 to 16.35 
  sea water vs C8 1 µ M -28,41 5,601 P < 0.01 -43.61 to -13.21 
  sea water vs C8 0.1µM 0,5533 0,1091 P > 0.05 -14.65 to 15.75 
  sea water vs NOS 1 mM -27,97 5,513 P < 0.01 -43.17 to -12.77 
  sea water vs NOS 1.5 mM -0,17 0,03351 P > 0.05 -15.37 to 15.03 
  sea water vs NOS 2.5 mM -31,95 6,298 P < 0.01 -47.15 to -16.75 
  sea water vs Serotonine10  g/ml -31,56 6,221 P < 0.01 -46.76 to -16.36 
  sea water vs A. choline 1 mM 0,03333 0,006571 P > 0.05 -15.17 to 15.23 
  sea water vs A. choline 0.5 mM -40,9 8,064 P < 0.01 -56.10 to -25.70 
  sea water vs A. choline 30 µ g/m 0,6 0,1183 P > 0.05 -14.60 to 15.80 
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Histogram 1. Showing the % of prism stage, pluteus larva with 4 arms and 
advanced pluteus larva with 8 arms after 24, 48 and 146 

hours treatment respectively 
 

Immuno-cytochemical results 
 
After 24, 48 and 146 hours treatment with all bioactive 
inducers, it was shown that Acetyl choline 0.5 mM, 
Serotonine10 g/ml, NOS 2.5 mM, C81 µ M, NH4ClNH4Cl 
and cGMP accelerated the transformation of blastula stage to a 
prism stage, pluteus larval stage with 4 arms and an advanced 
pluteus larval stage with 8 armsrespectively. Acetyl choline 30 
µ g/ml & 1 mM, NOS 1.5 mM, C8 10 µM and NH4Cl 300 µM 
exereted no role on metamorphosis and antibiotic sea water had 
negligible effect (see Tables 2- 4 and Histogram 1 for review). 
The advanced pluteus larval stage with 8 arms took about 5 
weeks in the culture to transform to a newly metamorphosed 
echinoid. It was very difficult to test the effect of the bioactive 
inducers on this transformation as many pluteus larvae died in 
the tissue culture plate after 7-10 days. 
 

DISCUSSION 
 
Echinoids have external fertilization anddevelopment allowing 
for continuous monitoring in sea water. Adults are very fertile, 
anda single female can produce over 50 million eggs in a single 
spawning (Young, 2002; Revilla-i-Domingo and Davidson, 
2003; Oliveri et al., 2003;  Oliveri and Davidson, 2004; 
Levine and Davidson, 2005). More modestnumbers of 
gametes are available year-round from several readily available 
speciesthroughout the world. Being able to in vitro fertilize the 
oocytes allows for thesynchronous culture of many 
embryossimultaneously, making the collection ofembryological 
material simple (Leahy, 1986; Wessel, 1985, 2013). The eggs 
of echinoderms have yolk evenly distributed throughout the 
egg. Echinoids, such  as P. miliaris, have  an annual  
reproductive  cycle (Hyman, 1995)  and the  spawning  season  
is in the early  summer months. Natural spawning occurs over  
a period  of one to  several  months  and gametes  may be shed  
several  times  during  a season (Srathmann, 1987). However, 
most of the eggs are released at the first spawning (own 
observation). The reproductive systemconsists  of five gonads, 
suspended  from the aboral side  of the test via mesenterial 
strand (Hyman, 1995). Echinoid embryos are considered a 
living laboratory for studying development and morphogenesis. 
Fertilization  is the  first of a  series of events  in the several 
changes  within  development  of echinoderm  larvae. During  
fertilization  an  increase  in the  intracellular pH by 0.3 units, 
from 7.3to7.6 (Johnson  et al., 1976; Payan et al., 1983) and 

free  calcium  ions gives rise to the  elevation of the  
fertilization membrane. This study showed that there  was  a  
series  of cells  divisions, in which the three  first  divisions 
produces eight equal blastomeres,  while  the fourth  cell  
division  produces   sixteen  cells  of different  sizes. Eight cells 
called mesomeresat the animal pole, four  macromeres  and 
four  micromeres  at the  vegetal  pole. It should be  highlighted 
that  most  of the  lineage  founder cells and many tissues are  
established  at the  64- cells  stages, well before  the appearance 
of any  morphological  difference  of the  later embryo (same 
result in Matranga, 2005). However, Cleavages and 
development of embryo and larva of the investigated sea urchin 
Strongylocentrotus purpuratus were similar to those reported in 
other echinoidswith planktotrophic larvae (Emlet, 1986; 
Vellutini and Migotto, 2010). The developmental timing of 
hatching blastulae took longer period (08.45 h at 24◦C)than 
those in Lytechinusvariegatus (6 h at 23◦C) (Strathmann, 
1987) andin Clypeastersubdepressus (7 h at 26◦C) (Vellutini 
and Migotto, 2010). Developmental timing of later stages 
followed the same trends but slightly differed from those of 
Caribbean species of L. variegates at23◦C (Strathmann, 1987) 
and the Pacific species of Colobocentrotusmertensii at 27◦C 
(Thet et al., 2004). 
 
As cell  division  continue, the embryo develops  and becomes 
a free-swimming  blastula. Form this stage, a new  
rearrangement of the  embryo begins. The primary  
mesenchyme cells migrate  towards two  ventro- lateral  sites 
and the  archenteron  is formed, which  is the future  intestine. 
Gastrulaionrobusts with the correlation between thetypes of 
gastrulation and the pattern of migration of red-pigmented cells 
in S. sphaeroides. Red-pigmented cells originate on the vegetal 
pole and migrate through the ectodermto the apical plate while 
the archenteron elongationis continuous. Similar phenomena 
were observed during the onset of gastrulation in tropical sea 
urchin Echinometramathaei (Takata and Kominami, 2004) 
and the sea biscuit Clypeastersubdepressus (Vellutini and 
Migotto, 2010). Red-pigmented cells can have regulatory role 
and are knownto trigger gastrulation in E. mathaei (Takata 
and Kominami, 2004). These cells might participate on the 
morphological changes occurring during the formation of prism 
and early axis specification of pluteuslarvae (Takata and 
Kominami, 2004, Thet et al., 2004). This study showed that 
the late gastrula  transformed into the  prim  stage  of pluteus 
after 24hrs  30 min, post-fertilization. Subsequently the larval  
mouth opens and a  full  intestine  develops  along  a complex  
skeleton . Larval arms began to form  on both sides  and grow  
longer.  The post- oral  pair  of the arms  is the first to project  
anteriorly  and is the  best  indicator  of  divergence  of larval 
form (Strathmann et al., 1992). The second pair of arms to 
develop is the  anterolateral  arms. The  posterodorsal arms  are 
the third pair arising, and lastly  the fourth  pair  of arms the 
preoral  arms  presented  in all echinoplutei larvae (Emlet, 
2002). Once the  larvae has opened the  mouth and the 
digestive  system  has been  completed the larvae  must  
consume  food to acquire energy  and continue development to  
produce a juvenile sea  urchin  through metamorphosis. 
Additionally, the triradiate spicules, the firstsign of larval 
skeleton, were formed during gastrulation in S. sphaeroides, 
which were more or less similar to those observed in other 
regular echinoids (Thet et al., 2004, Vellutini and Migotto, 

12373                                       International Journal of Current Research, Vol. 7, Issue, 02, pp.12365-12378, February, 2015 
 



2010).Competent larvae of S. sphaeroides demonstrated 
substrate-test behavior similar to those documented in 
otherechinoid species (Caldwell,  1972, Nunes and Jangoux, 
2007,Vellutini and Migotto, 2010). Although early 
postlarvaljuveniles resemble regular urchins with a spherical 
body, bilateral symmetry could be identified soon after 
theirsorption of larval tissues and was probably determined 
during rudiment formation as those observed recently in sea 
biscuits (Vellutini and Migotto, 2010). In newly 
metamorphosed juvenile of S. sphaeroides (Figure 2(i)), larval 
arms were completely absorbed together with the skeletons and 
epidermis. On the contrary, in Eucidaristhouarsi (Emlet, 1988) 
and Paracentrotuslividus (Gosselin and Jangoux, 1998), 
tissue resorption is achieved by the retraction of only epidermis 
resulting in the naked skeleton. The naked skeletal rods will 
eventually be broken down. Such type of discrepancy may be 
related to the species differences (Thet et al., 2004). Following 
the induction of complete metamorphosis, S.sphaeroides 
juveniles had 4 primary spines per interambulacrum (20 totals), 
similar to those documented in P. lividus (Gosselin and 
Jangoux, 1998) and Strongylocentrotus purpuratus (Miller 
and Emlet, 1999). The irregular echinoid 
Echinocardiumcordatum has a greater number of primary 
spines per interqambulacrum after metamorphosis and also 
differs from S. sphaeroides by the presence of secondary spines 
and a subanalfacsciole and 4 primaryspines (Nunes and 
Jangoux, 2007). Similar to the events in S. fanciscanus and S. 
Purpuratus (Miller and Emlet, 1999), P. lividus (Gosselin 
and Jangoux, 1998), and E. cordatum (Nunes and Jangoux, 
2007), the newly metamorphosed juveniles of S. spheroidshad 
one tube foot per ambulacra. In contrast, C. 
subdepressusuniquely displayed three podia after 
metamorphosis (Vellutini and Migotto, 2010). Competent 
larvae of S. sphaeroides have pedicellariaeduring the late larval 
period and after metamorphosis as those documented in other 
regular urchins, P. lividus (Gosselin and Jangoux,1998) and S. 
fanciscanus (Miller and Emlet, 1999), while pedicellariae of 
S. purpuratusappeared some time after metamorphosis. On the 
contrary, competent larvae of                    E. cordatum do not 
exhibit spines orpedicellariae (Nunes and Jangoux, 2007), 
while those of C. subdepressus do have spines but devoid of 
any pedicellariae (Vellutini and Migotto, 2010).The young 
juvenile of S. sphaeroides has neither a mouthnor anus and no 
guts either. Similar event was also observed in other sea 
urchins (Hinegardner, 1969, Mazur and Miller, 1971; Thet 
et al., 2004) and sea biscuits (Emlet, 1986, Vellutini and 
Migotto, 2010). At this stage, the dorsal half is essentially a 
rounded lump oflarval tissue punctured by the three 
pedicellaria. The dorsal organs appear to develop out of this 
tissue. For the first 2days, the larval tissue can easily be picked 
off the urchin.The digestive system and probably other internal 
organsappeared at about 4-5 days after settlement and then 
theurchin began to feed, as similar to those documented in 
Colobocentrotusmertensii (Thet et al., 2004), P. lividus 
(Gosselin and Jangoux, 1998), and L. pictus(Hinegardner, 
1969). In contrast, the juveniles of C. subdepressus and 
C.rosaceus start feeding 7 and 10 days, respectively, when 
theAristotle’s lantern and mouth become functional (Emlet, 
1986,Vellutini and Migotto, 2010). However, the 
consequences of these developmental basis in progressing 
juvenile stages of S. sphaeroides deserve 

furtherinvestigations.In conclusion, this study demonstrates the 
first successful investigation on the embryonic, larval, and 
postmetamorphic juvenile development of S. sphaeroides from 
Peninsular Malaysia. The findings obtained from the 
designated study would immensely be helpful towards the 
understanding of ontogeny and life-history strategies, which 
will eventually assist us in the development of breeding, larval 
rearing, seed production, and culture techniques of sea urchins 
for aquaculture industry. 
 
To compare the effect of the bioactive inducers on 
metamorphosis of blastulae to plutei. Free swimming blastulae 
were subjected to certain bioactive inducers which had been 
claimed to induce metamorphosis, involved in signaling 
systems, serve in neuronal control, control morphogenetic and 
behavioral reactions or interact with members of several signal 
transduction proteins pathways under normal physiological 
conditions. It has been concluded that Acetyl choline 0.5 mM, 
Serotonine 10 µg/ml, NOS 2.5 mM, C81 µ M, NH4Cl NH4Cl 
and cGMP 1 µg/ml accelerated the transformation of blastula 
stage to an advanced pluteus larval stage with 8 arms whereas 
Acetyl choline 30 µ g/ml & 1 mM, NOS 1.5 mM, C8 10 µM 
and NH4Cl 300 µM exereted no role in metamorphosis and 
antibiotic sea water had negligible effect. Similar immune 
cytochemical protocols yielded different results were applied to 
larvae of Ascidellaaspersa, Phallusiamammilata and 
Molgulamanhattensis (Niermann-Kerkenberg and Hofmann, 
1989, Wahl und Lafargue, 1992,Kriegel, 1996,  Saad, 2002 , 
Hofmannet al., 2008,Saad, 2014). 
 
Authors of the present manuscript would like to introduce the 
different methods of procurement of gametes in marine 
inveretebrates:  Several methods have been successfully used 
to induce shedding of gametes: (1) Potassium chloride injection 
(Tyler 1949; Hinegardner, et al. 1967; Fuseler 1973): A 
volume (0.1 to 1 .0 ml) of 0.5 M potassium chloride (isotonic 
to sea water) is injected intracoelomically using a one ml 
tuberculin syringe equipped with a 26 or 30 gauge needle. 
Gentle shaking of the animal after injection will distribute the 
potassium chloride to all gonads. This injection should be 
given through the soft tissue on the oral surface of the animal. 
Gamete shedding will begin several minutes after the injection 
isgiven. (2) Acetylcholine injection (Hinegardner 1961, 
1975): Approximately 0.1 ml of 0.01 M acetylcholine (see 
Appendix C for source) in sea water is injected 
intracoelomically using a one ml tuberculin syringe equipped 
with a 26 or 30 gauge needle. This injection should also be 
given through the soft tissue on the oral surface of the animal. 
Gentle shaking of the animal after injection will distribute the 
acetylcholine to all gonads. The acetylcholine should be freshly 
prepared; the actual concentration of acetylcholine is not as 
critical as the freshness of the solution. Hinegardner  (1967) 
recommends that once you have an idea of how much dry 
acetylcholine is needed to make up several milliliters of 
solution you need not bother weighing out the solid but obtain 
a suitable amount with a spatula and dissolve in sea water. (3) 
Electrical stimulation (Harvey 1953; Osanai 1975): This 
involves placing a pair of electrodes on the test (body) of the 
animal and passing an electric current through the electrodes. 
An adjustable physiological stimulator (e.g., Grass square-
wave stimulator) can be employed at a frequency of 60 hertz. 
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For those urchins which have small tests (e.g. A. punctulata, L. 
pictus) the electrodes should be placed near the gonopore 
region. Adding an appropriate volume of freshly prepared 
sperm suspension to an egg suspension in a large container 
(e.g., beaker or finger bowl). This procedure is recommended 
when large numbers of eggs are to be fertilized for 
observational or experimental purposes. (A) Prepare an egg 
suspension by placing several drops of washed eggs in (B) 
container containing approximately 200 ml of sea water. (C) 
Prepare a dilute sperm suspension by placing one drop of 
concentrated semen in a test tube containing approximately 10 
ml of seawater. Mix with a clean pipette to obtain a uniformly 
milky suspension. (D) Add two drops of the dilute sperm 
suspension to the egg suspension. Gently mix the sperm and 
eggs with a clean large-bore pipette, wooden stick, or stirring 
rod. (E)  The eggs should be checked for fertilization 
approximately five minutes after insemination. This can be 
done by placing a sample in a small dish or by making a wet 
mount on a slide. Successful fertilization is indicated by the 
presence of a fertilization envelope around each egg. 
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