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Abstract 
 

The Gracious Sea Urchin Tripneustes gratilla is a model organism for invertebrate 
marine animals and an economically important marine resource. This study 
investigated the effects of varying temperature ranges 29-30°C, 34-35°C, and 39-40°C 
on the reproductive capacity of T. gratilla. Under these temperature treatments, 
gamete viability was determined through the resazurin reduction test and quantified 
through resazurin absorbance at 630 nm, while fertilization and embryonic 
development were investigated through in vitro experiments. With increasing 
temperature, there was a significant decline in the viability of both sperm and egg cells. 
Gamete death was highest at 39-40°C followed by 34-35°C temperature ranges.  
Successful fertilization was highest at 29-30°C (92.26%) followed by 34-35°C (20.83%) 
and 39-40°C (11.05%) temperature ranges for the two batches. Normal embryonic 
development from 2 cells up to 2 arm echinopluteus was observed at 29-30 °C while 
abnormalities including apoptotic body formations, cell fragmentation, cell lysis, and 
embryo arrest were observed at 34-35°C and 39-40°C temperature ranges. This study 
confirmed the deleterious effect of increased temperature (34-40°C) on the 
reproductive potential of T. gratilla.  
 

Introduction 
 

The continuous change in the world’s climate has 
been one of the major crises that greatly distress the 
marine ecosystem (Doney et al., 2012). The alteration in 
the world's climate due to anthropogenic activities such 
as combustion of fossil fuels (Höök & Tang, 2013) 
leading to elevated greenhouse gases is causing the 
oceans to warm, becoming acidic and more saline 
(García Molinos et al., 2016). Comiso et al., (2015) 
reported that the average sea surface temperature (SST) 
of the Philippines was about 29°C, based on extensive 
data from the 1980s to the 2000s, but the highest 
recorded SST from 1981 to 2014 in the Warm Pool 

Region was 30.1°C in November 2013, the time when 
Visayas was devastated by Typhoon Haiyan. Moreover, 
climate change scenarios for 2050 suggest surface 
temperatures worldwide will likely increase by 1 to 3°C 
(Weinmann et al., 2013), and up to 6°C by 2100 
(Bernstein et al., 2008). 

With the ocean temperature increasing, it is 
predicted that many processes in living organisms, such 
as reproduction and physiological performance, will be 
affected (Pörtner, 2008). Reproduction of individuals is 
vital for stabilizing the population. It is an intricate 
process that involves different life stages and is 
controlled by highly balanced mechanisms (Boegner et 
al., 2013). Consequently, climate change is foreseen to 
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affect the reproductive performance of many organisms 
and it could be the main factor threatening population 
decline in marine organisms (Miller et al., 2015). There 
is sufficient evidence that temperature surges have 
resulted in several direct and indirect ecological 
alterations that include mass community mortalities, 
shifts in species range, breeding season changes, 
decreased recruitment, and enhanced establishment of 
invasive species globally (Bernhardt et al., 2020). 

Echinoderms such as sea urchins are extensively 
utilized in research regarding fertilization and 
development (O’Donnell et al., 2010; Hernroth et al., 
2011; Karelitz et al., 2017; Lenz et al., 2019; Wessel et 
al., 2021; Limatola et al., 2022). These organisms are 
ideal model systems because they exhibit simple early 
development and they can be easily studied in the 
laboratory (McClay, 2011; Ettensohn, 2017; Adonin et 
al., 2021). Because of this, several species of sea urchins 
have been studied for their fertilization and 
reproduction efficiencies as affected by major physico-
chemical parameters such as temperature and pH 
(Byrne et al., 2013; Delorme & Sewell, 2013; Mejía-
Gutiérrez et al., 2019).  

The echinoderm Tripneustes gratilla, locally known 
as “swaki”, is a high-value sea urchin in the Philippines. 
This species is an important grazer in the tropical sea 
grass ecosystem (Klumpp et al., 1993) and a preferred 
source of high-quality roe over other urchins (Regalado 
et al., 2010). Due to its commercial demand, T. gratilla 
has been overharvested in many areas of the country.  
Hence, several techniques to culture it have been 
initiated in the past years (Juinio-Meñez et al., 1998). 
The threat of increasing sea surface temperature and 
the development of better culture conditions 
necessitate an investigation of the effect of increased 
temperatures, as simulated thermal stressors, on the 
gamete viability, fertilization, and embryonic 
development of T. gratilla in a laboratory setting. 
 

Materials and Methods 
 

Collection of T. gratilla 
 

Approximately 90 matured adult life stage of sea 
urchin T. gratilla with a test diameter greater than 65 
mm were collected to ensure the presence of male and 
female urchins (Dworjanyn & Byrne, 2018). Sampling 
was done in Lawis, Punta, Baybay City, Leyte, Philippines 
(Figure 1). Matured T. gratilla were collected by free 
diving at the subtidal zones between 5 to 10 m depth 
(Pecorino et al., 2012). The collection was conducted 2-
3 days before the full moon since sea urchins follow 
lunar rhythms (Pearse & Eernisse, 1982). Collected 
urchins were immediately transported to the laboratory 
and were kept maintained in a large bucket with 
seawater at 29-30°C temperature range, ph 8, and 35 
ppt salinity. These urchin samples are the source of 
gametes for the gamete viability assay and in vitro 

fertilization and embryonic development experiments 
(Figure 2). 
 
Filtered Seawater and Acid Wash Preparation 
 

All glassware used in the experiments was acid-
washed to eradicate contaminants that could negatively 
affect the study results. In preparing the acid bath (10%), 
hydrochloric acid (HCl) was diluted with distilled water. 
Glassware was first washed with soap and water to 
remove dirt. Then, all the glassware was placed into a 
container with 6 L of 10% HCl and they were left for 3-4 
hours. Afterward, the glassware was washed with 
running distilled water 2-3 times. They were sterilized in 
an autoclave at 121°C, 15 psi for 40 min (Tualla & 
Bitacura, 2016). Furthermore, seawater filtration was 
accomplished by setting up a filter flask (containing a 
47mm Whatman glass GF/A microfiber filter with a pore 
size of 1.6 µm) which was attached directly to the 
vacuum pump. The filtered seawater was stored in a 
sterile acid-washed container. 
 
Gamete Collection 
 

An induced spawning method was used to obtain 
the gametes of T. gratilla based on the method of Tualla 
and Bitacura (2016). Before the induced spawning 
process, one molar of potassium chloride (KCl) solution 
was prepared by dissolving 74.55 g of potassium 
chloride crystals into one litre of distilled water. A 0.2 ml 
of 1M KCl was injected inside the sea urchin using a 1 ml 
syringe with a 0.4 mm x 13 mm needle. The needle was 
directed over the top of the teeth to inject KCl solution 
into the body cavity. The sea urchins were shaken gently 
for a few seconds to mix the KCl solution inside them to 
allow them to spawn. After less than 5 minutes, the sea 
urchin released gametes through the pores at the top of 
their tests or shell. The sex of the sea urchin was 
determined through the colour of their spawn. Gonads 
in yellowish to orange indicated females, while whitish 
gonads were males. Further confirmation of the type of 
gametes released by the urchins was done by looking at 
their cellular morphologies under a compound light 
microscope. 

Pure concentrations of gametes were collected to 
be used for gamete viability assay. It was done by 
inverting the sea urchins in sterile acid-washed 
containers. The containers containing pure 
concentration of gametes were covered with aluminum 
foil and these were used in the experiments right away. 
For the gametes to be used in fertilization and 
embryonic development assays, the sea urchins were 
placed upside down in a sterile acid-washed beaker 
filled with filtered seawater, and eggs were collected at 
the bottom of the beaker. Conversely, dry sperm was 
collected directly from the genital pore of the male sea 
urchin. All collected egg and sperm cells were stored at 
4-5°C for 3- 4 hrs. 
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Gamete Dilution 
 

The sperm dilution set-up was prepared by 
collecting 200 μL of sperm cells from the beaker of 
stored dry sperm and transferring them into another 
beaker containing 100 ml filtered seawater which was 
covered with aluminum foil to serve as the stock sperm 
suspension. Before the preparation of egg dilution set-
up, the removal of jelly coats was initiated following the 
method by and Tualla and Bitacura (2016). After the 
release of gametes by the female gracious sea urchin, 
the spawn was allowed to settle at the bottom. The eggs 
were then pooled in a 500 ml beaker and settled for 10 
minutes. Decanting the overlying seawater removed the 
jelly coat that naturally covers the egg. Then, the sterile 

acid-washed beaker containing the eggs was added with 
400 ml filtered seawater and it was slowly stirred for a 
minute. The beaker containing the urchin eggs was 
rotated by hand at three revolutions per second for a 
minute. With this process, the jelly covering of the egg 
was slowly removed. About 10 ml of egg suspension was 
obtained and added to a beaker containing 100 ml of 
filtered seawater. The beaker was then covered with 
aluminum foil to be used in the in vitro fertilization 
assay.  
 
Temperature Treatments 
 

Experimental temperature ranges were set at 29-
30°C, 34-35°C, and 39-40°C. The 29-30°C temperature is 

 

Figure 1. Map of Punta in Baybay City showing the area where the T. gratilla samples were collected. 
 
 
 

 

Figure 2. Schematic diagram of the experimental design. 
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based on the average sea surface temperature of the 
country (Comiso et al., 2015), while 34-35°C and 39-40°C 
represent the drastic upper thermal stressor as 
predicted sea surface temperatures in 2100 and 22nd 
century, respectively (Bernstein et al., 2008; Weinmann 
et al., 2013). No treatment below the normal 
temperature range was tested since only the future 
scenarios for a tropical setting were considered. The 
fertilization test of the T. gratilla was done in a sterile 
acid-washed 150 ml beaker and it was subjected to 
three varying temperature range conditions of filtered 
seawater. Three water baths with filtered seawater at 
29-30°C, 34-35°C, and 39-40°C were prepared under 35 
ppt and pH 8.0 each (Tualla & Bitacura, 2016). 
 
Gamete Viability Assay  
 

Resazurin Reduction Test (RRT) was employed to 
test the viability of T. gratilla gametes under various 
treatments. Resazurin dye is widely used as an indicator 
of cell viability in several tests for evaluating the 
biocompatibility of dental and medical materials. 
Mitochondrial enzymes transfer electrons from NADPH 
+ H+ to resazurin, which becomes resorufin (Borra et al., 
2009). Before the assay, resazurin sodium salt solution 
was prepared first by dissolving 0.10 mg resazurin 
powder into 20 ml sterile distilled water to obtain 0.5% 
concentration. The prepared resazurin solution was 
appropriately sealed to avoid contamination and it was 
stored at 4°C (Bitacura, 2018). 

For temperature treatment of the gametes, fifty 
microliters (50 μL) of concentrated egg or sperm from 
each suspension were pipetted on the Eppendorf tubes 
and they were added with filtered seawater in a total 
reaction of 100 μL per well. The Eppendorf tubes were 
inserted in tube floaters and placed in water baths with 
the designated temperatures. The water baths were 
equilibrated for 30 minutes before the placement of the 
floaters. After 4 hours, the gametes were transferred in 
a sterile 96-well microplate and added with 10 μL of the 
previously prepared resazurin solution. The treatments 
considered were: Media control (filtered seawater 
alone), positive control (gametes suspended in filtered 
seawater treated with 3% hydrogen peroxide [H2O2]), 
negative control (untreated gametes in filtered 
seawater), and the gametes in filtered seawater treated 
with varying temperature levels: [T1 (29-30°C), T2(34-
35°C) and T3(39-40°C)]. The treatments were done in 
triplicates. 

All microplates were then covered with aluminum 
foil and kept at room temperature. Colour changes were 
observed and compared. Reducing the blue resazurin 
into pink resorufin is an indirect method of determining 
the gamete viability (Tualla & Bitacura, 2016). For data 
gathering, the treatments were first compared based on 
a colour shift from blue to pink. The treatments that 
remained blue indicated the death of the gametes while 
those that turned from purple to pink implied the 
gametes were still alive. Secondly, quantitative analysis 

was done by measuring the treatment absorbance at 
630 nm, which quantified the amount of resazurin 
present in the treatment wells. 
 
In vitro Fertilization of T. gratilla 
 

The fertilization experiment was done using the 
methods of Tualla and Bitacura, (2016) with 
modifications. To start fertilization, 1.8 mL of sperm 
suspension was seeded to the 90 mL treatment solution 
previously added with 9 mL of egg suspension. The 
solutions were mixed slowly, after which the beakers 
containing the solutions were placed in water baths with 
filtered seawater at 29-30°C, 34-35°C, and 39-40°C 
under 35 ppt and pH 8.0 each. To differentiate the 
fertilization success of T. gratilla under the varying 
treatments, three 20 𝜇L aliquots were collected from 
each of the three replicate treatments after 30 min and 
they were viewed under a compound light microscope. 
The numbers of fertilized, unfertilized, and deformed 
eggs were counted. The presence of a fertilisation 
membrane indicated the presence of a fertilized egg. 

From the data gathered, the percent successful 
fertilization under various temperature ranges was 
computed using equation 1. Additionally, percent 
fertilization inhibition and embryo deformity were 
calculated using equations 2 and 3, respectively.  

 

Percent Successful Fertilization =
no. of fertilized eggs

 total no. of eggs 
× 100         (1) 

 

Percent Inhibition =
 no. of unfertilized eggs

 total no. of eggs 
× 100                               (2) 

 

Percent Deformity =
 no. of deformed eggs

 total no. of eggs 
× 100                                    (3)  

 

Where:  
 
Total no. of eggs = No. of fertilized eggs + No. of 

unfertilized eggs + No. of deformed eggs 
 
Observation of Embryonic Development of T. gratilla 
 

The protocol described by Tualla and Bitacura 
(2016) was utilized to observe embryonic development. 
Observations were made every 30 min, 3, 6, 12 and 24 
hours after adding the sperm cells into the beakers 
without aeration. For every observation time, three 20 
μL aliquots from each treatment were mounted into a 
depression slide and they were observed for the 
occurrence of the following: (EPC) embryos with 
pigmented cells; (SCD) successful cell division on each 
cell stage; (DD) delayed development; (NFD) no further 
development and (DE) deformed embryos.  
 
Data Analysis 
 

Gamete viability assay was laid out in a completely 
randomized design (CRD) and a randomized complete 
block design (RCBD) for the fertilization test. The 
significant differences among the treatments for the 
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gamete viability test were determined using Analysis of 
Variance (ANOVA). Moreover, a post hoc comparison of 
treatment means was done using a homogenous subset 
of the Duncan Multiple Range Test. All the analyses were 
carried out using SPSS v.22  
 

Results  
 

Gamete Viability of T. gratilla Under Varying 
Temperature Ranges 
 

The average absorbance at 630 nm of the wells 
containing the temperature-treated gametes is shown 
in Figure 3a. On the other hand, Figures 3b and 3c show 
the Resazurin Reduction Test results for the adverse 
effects of increased temperatures in T. gratilla gametes, 
displaying colour shifts between sperm and egg cells. 
There was a significant difference (P<0.05) in the 
absorbance values among the treatments at 630 nm, the 
peak absorbance of resazurin. The highest absorbance 
was recorded for the gametes under 39-40°C 
temperature treatment, followed by the gametes under 
34-35°C and the positive control, and the least are the 
gametes under 34-35°C and negative control (Figure 3). 
As seen in treatment wells, no colour changes (blue) 
were observed in the gametes exposed to 34-35°C, 39-
40°C, and positive control indicating gamete mortalities 
under these treatments. Conversely, transformations in 
colour from blue to pink were observed in gametes 
subjected to 29-30°C and negative control, indicating 
the viability of the gametes under these treatments. Not 
shown in the figure is media control since it has no 
gametes present, therefore obtaining different 
absorbance values.  
 
Fertilization of T. gratilla Under Varying Temperature 
Ranges 
 

Figure 4 shows that the percent successful 
fertilization, inhibition, and deformity of T. gratilla 
under increasing temperature for batch one (Figure 4a) 
and two (Figure 4b) are significantly different (P<0.05). 
For batch one, gametes subjected to 34-35°C and 39-
40°C had ~5 and ~8-fold lower percentages of successful 
fertilization, respectively, compared to the 29-30°C 
temperature treatment. For batch two, gametes 
exposed to 34-35°C and 39-40°C had ~4-fold and ~8-fold 
lower percentages of successful fertilization, 
respectively, compared the 29-30°C temperature level. 
Both batches with temperature treatment levels of 29-
30°C and 39-40°C displayed a decreasing trend in 
percent successful fertilization and an increasing trend 
in deformed eggs. It further showed that successful 
fertilization occurred at the lowest temperature range 
set. The formation of the fertilisation envelope indicated 
successful fertilization. Gametes exposed to 34-35°C 
and 39-40°C had significantly lower (P<0.05) 
percentages of successful fertilization than the 29-30°C 
temperature range. 

Embryonic Development of T. gratilla Under Varying 
Temperature Ranges 
 

The overall observations of the embryos treated at 
various temperatures are summarized in Table 1. The 
results showed that the temperature range 34-35°C and 
39-40°C revealed no further development starting at the 
2-cell stage. The increased temperatures halted the 
embryonic development of T. gratilla at the 2-cell stage, 
leaving the embryos exposed to 29-30°C temperature 
range to develop into a normal echinopluteus.  

Figures 5a to 5e show the normal development of 
embryos exposed to 29-30°C. Normal development of 
the embryos was observed from the 2 to 4-cell stage up 
to the formation of 2-armed echinopluteus. Moreover, 
the embryos exposed to the other two warmer 
temperatures were malformed throughout the 
experiment, as shown in Figures 5f to 5o. The two 
highest temperature levels also displayed deformities 
such as cell fragmentation, formation of apoptotic 
bodies, blebbing, cytolysis, and uneven cell division 
(Figures 5f – 5o).  
 

Discussion 
 

Gamete Viability of T. gratilla Under Varying 
Temperature Ranges 
 

The result of the Resazurin Reduction Test 
conducted confirmed the viability of the cells at 29-30°C 
since they successfully converted resazurin to resorufin. 
This temperature range is the upper thermal limit for 
gamete viability based on the compared temperature 
ranges. Furthermore, these reactions were linked to the 
temperature treatments since no colour changes were 
detected on the control media (not shown), which 
indicated the filtered seawater used presented zero cells 
that could convert resazurin to resorufin. On the other 
hand, the sperm and egg cells that were exposed to 34-
35°C and 39-40°C temperature ranges showed no colour 
changes same as the positive (cytotoxic) control. This 
indicates the deleterious effects of the increased 
temperature levels on T. gratilla gametes. 

Measuring the absorbance at 630 nm quantified 
the amount of resazurin present in the treatment wells. 
The result suggests that the more viable cells are, the 
more they can reduce blue resazurin to pink resorufin, 
resulting in a low absorbance at 630 nm. Cells exposed 
to a lethal treatment condition have a poorer ability to 
convert resazurin to resorufin, resulting in a higher 
absorbance at 630 nm due to cell mortality. As a result, 
it is assumed that the highest absorbance will be 
obtained during treatments in which cells are still in the 
apoptotic phase of cell death. After which, the 
absorbance will begin to decline as cells enter the 
necrotic phase as suspected by Tualla and Bitacura 
(2016). In this study, the cell necrosis is most probably 
due to the higher levels of the temperature treatments. 
This is especially true in the case of the sperm cells. A 
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Figure 3. (a) Mean absorbance (SE) at 630 nm of the wells containing T. gratilla gametes at different temperatures after 30 min 
of incubation with resazurin. (b) Results of Resazurin Reduction test performed on T. gratilla sperm cells subjected to varying 
temperatures and (c) egg cells exposed to the same temperature levels. Letters on the graph correspond to the post hoc comparison 
of means at 0.05 level of significance between temperature treatment mean absorbance at 630 nm for each experiment on sperm 
and egg viability. Abbreviations: PC (positive control), Temperature treatments: T1 (29-30°C), T2 (34-35°C), T3 (39-40°C), and NC 
(negative control). R1–R3 are the replicate well. 

 
 
 

  

Figure 4. The mean percent (SE) [(a) batch 1 & (b) batch 2 ] successful fertilization, inhibition, and deformity of the gametes 
exposed to varying temperature treatments after 30 min. Letters on the graph correspond to the post hoc comparison at 0.05 level 
of significance between temperature treatment mean percentage of successful fertilization, inhibition, and deformity. 

a

b
c

c

b

a

b

a

a

0,00

50,00

100,00

29-30 34-35 39-40

M
e

an
 P

e
rc

e
n

t 
(%

)

Temperature (°C)

Succesful Fertilization Inhibition Deformity

(a)
a

b

c
c

b
a

b

a
a

0,00

50,00

100,00

29-30 34-35 39-40

M
e

an
 P

e
rc

e
n

t 
(%

)

Temperature (°C)

Succesful Fertilization Inhibition Deformity

(b)



 
Aquaculture Studies AQUAST1452 

 

 

 

 

  

Table 1. The morphology of embryos of T. gratilla exposed to different temperature ranges for 3, 6, 9, 12, and 24 h 

Duration (hr)  Temperature (°C) 

29-30 34 -35 39 -40 

3        
2cells SCD NFD, DE NFD, DE 
4 cells SCD NFD, DE NFD, DE 

6  
   

8 to 16 cells SCD NFD, DE NFD, DE 
9  

   

32 to 64 cells SCD NFD, DE NFD, DE 
12  

   

Blastula SCD NFD, DE NFD, DE 
24  

   

Gastrula SCD NFD, DE NFD, DE 
2 -arm Echinopluteus SCD NFD, DE NFD, DE 

General observation No abnormality  Blebbing embryos Cell fragmentation 
SCD = Successful Cell Division, NFD = No Further Development, DE = Deformed Embryos 

 
 

 
Figure 5. Embryonic development of T. gratilla at various thermal treatments (scale bars: 30 µm). (a–e) Normal development was 
observed from 2 cells up to 2-arm echinopluteus at 29-30 °C, and abnormalities in the embryos were observed under (f – j) 34-35°C 
and (k–o) 39-40°C. 
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slight difference in absorbance reading between the egg 
and sperm cells is attributed to the yolk giving the eggs 
a yellowish color. The peak absorbance at 630 nm 
implied the most extreme range level that induced 
apoptosis on the cell (Tualla & Bitacura, 2016). 
 
Fertilization and Embryonic Development of T. 
Gratilla Under Varying Temperature Ranges 
 

The results of the percent successful fertilization, 
inhibition, and deformity of T. gratilla under increasing 
temperature imply that T. gratilla has its upper 
temperature limits of around 29-30°C. Beyond this 
temperature, fertilization of T. gratilla will be arrested. 
Results also indicate that the zygote can hatch within 29-
30°C temperature range. Embryos may hatch more 
slowly or could not cleave at all at temperatures above 
29-30°C, possibly due to the lack of catalysis by enzymes 
required to disintegrate egg membranes during 
hatching (Ishida, 1936).  

Rahman et al. (2009) indicated that T. gratilla 
zygotes could withstand a broad temperature level of 
13–34°C. In their laboratory experiments, all zygotes 
had irregular cleavage at extremely low temperatures 
(13°C), whereas no cleavage occurred at extremely high 
temperature (34°C); these temperatures (13°C and 
34°C) do not occur during the spawning season of this 
species (Rahman et al., 2009). This study showed 
arrested embryonic development of T. gratilla beyond 
29-30°C while Rahman et al. (2009) showed that T. 
gratilla larvae developed abnormal morphology at 
lower temperature levels (14–19°C) in different 
developmental stages including hatching blastula, 
blastula, and prism.  

According to Voronina and Wessel (2001), 
abnormal morphology such as blebbing or protrusions 
of the cell membrane observed in the sea urchin 
embryos is caused by apoptosis, resulting in 
morphological aberrations, chromatin degradation, and 
activation of caspases. Additionally, Sasaki and Chiba 
(2001) noted that fragmentation is produced by the 
rearrangement of F-actin, which governs the membrane 
and embryo fragmentation via extrinsic or intrinsic 
processes. They discussed that the death of cells 
employing a death receptor is demonstrated in an 
extrinsic pathway wherein during egg cell death the 
caspase-3 proteases regulate the death of the sea stars' 
eggs. Additionally, apoptosis of cells follows the intrinsic 
pathway, also called the mitochondrial pathway. 

The examination of synchronized or asynchronized 
larval development is another way to understand the 
nature of the sea urchin development (Rahman et al., 
2007). They reported that embryos of T. gratilla 
developed synchronously from 25 to 29°C. The same 
with the study of Li et al. (2021) and Molle et al. (2022) 
who used 25 and ~26°C, respectively, for their 
fertilization and embryonic development experiments.  
Rahman et al. (2009) further reported that at 22°C, only 
a few larvae displayed asynchronous development in 

which all larvae had normal morphology. It was also 
discovered that after a temperature shift from 25°C to 
22 or 30°C, the gastrula larvae can progress into 
competent larvae without any signs of abnormalities. 
Still, the mortality rate was significantly higher at the 
above temperatures. The results are also in consonance 
with the findings of Sheppard Brennand et al. (2010). 
They reported that increased temperature (+3°C) 
stimulated the growth of T. gratilla, producing 
significantly bigger larvae in all their treatments up to a 
thermal threshold of +6°C. This finding reveals the 
temperature tolerance range for this species’ larval 
development occurring during its natural habitat 
throughout the year. According to Fujisawa and Shigei 
(1990), the spawning season and embryonic 
temperature sensitivity of sea urchins are correlated. 
Fujisawa (1989) reported that the distribution of three 
sea urchin species, Hemicentrotuspulcherrimus, 
Anthocidariscrassispina, and Hemicentrotusdepressus, 
are determined by the embryo’s temperature tolerance. 

According to Rahman et al. (2009), the most 
favourable temperature conditions for development of 
T. gratilla are within the intermediate temperatures 
(about 19–29°C), which corresponds to the species’ 
habitat temperature range. They discussed that both 
larvae and adults can survive at higher temperatures for 
short periods, indicating that they have adapted to 
tropical shallow-water environments. They further 
discussed that due to the water circulation from the 
open sea, habitat temperatures usually do not reach 
potentially damaging levels for this species. However, 
this is not the case for this study, the study’s collection 
site is in Camotes Sea which is found in between Cebu 
and Leyte Islands and not directly exposed to the Pacific 
Ocean. Thus, the results of this study agree more with 
the findings of Parvez et al. (2018). They observed that 
the critical lower and higher temperatures for the 
embryonic development of T. gratilla were 16 and 34°C, 
respectively. 

Reproductive responses of other sea urchin species 
were also reported to be negatively affected by 
increased temperature levels. For instance, a study by 
Delorme and Sewell (2013) indicated that increased 
seawater temperature (15-21°C) caused an increase in 
the development rate of New Zealand sea urchin, 
Evechinus chloroticus. However, beyond 21°C, its 
abnormal development reached ~ 30%. Similarly, Byrne 
et al. (2013), reported that warming-acidification 
treatments decreased the percentage of larval 
development of the sea urchin Heliocidaris tuberculate. 
Furthermore, Mejía-Gutiérrez et al. (2019) revealed that 
the sea urchin Toxopneustes roseus is significantly 
affected by elevated temperature in terms of its success 
of fertilization, development of embryos, and survival of 
larvae. 
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Conclusion 
 

Results of this study revealed that both sperm and 
egg cells of T. gratilla become nonviable at 34-40°C. The 
percent successful fertilization in T. gratilla is highest at 
29-30°C. Temperature range and subsequently favored 
embryonic development up to 2-arm echinopluteus 
larva. Finally, an increased temperature range at 34-
40°C induced the malformation of embryos, cell 
fragmentation, and cell lysis and eventually arrested 
embryonic development of T. gratilla. This study 
showed that the reproductive capacity of the sea urchin 
T. gratilla is highly vulnerable to increased temperature.  
 

Ethical Statement 
 

Not Appicable.  
 

Funding Information 
 

The authors received no funding for this work.  
 

Author Contribution 
 

MSSR: Conceptualization, Data curation, Formal 
analysis, Methodology, Visualization, Writing – Original 
Draft Preparation; JGB: Conceptualization, 
Methodology, Supervision, Validation, Writing – Review 
& Editing  
 

Conflict of Interest 
 

The authors declare that they have no known 
competing financial or non-financial, professional, or 
personal conflicts that could have appeared to influence 
the work reported in this paper.  
 

Acknowledgements 
 

The authors would like to thank Asst. Prof. Ris 
Menoel R. Modina and Prof. Dr. Analyn M. Mazo for 
their valuable inputs to the study.  
 

References 
 
Adonin, L., Drozdov, A., & Barlev, N. A. (2021). Sea urchin as a 

universal model for studies of gene networks. Frontiers 
in Genetics, 11, 627259.  
https://doi.org/10.3389/fgene.2020.627259 

Bernhardt, J. R., O’Connor, M. I., Sunday, J. M., & Gonzalez, A. 
(2020). Life in fluctuating environments. Philosophical 
Transactions of the Royal Society B, 375(1814), 
20190454. https://doi.org/10.1098/rstb.2019.0454 

Bernstein, L., Bosch, P., Canziani, O., Chen, Z., Christ, R., & 
Riahi, K. (2008). IPCC, 2007: Climate change 2007: 
synthesis report. IPCC. 

Bitacura, J. G. (2018). The use of baker’s yeast in the Resazurin 
Reduction Test: A simple, low-cost method for 
determining cell viability in proliferation and cytotoxicity 

assays. Journal of Microbiology & Biology Education, 
19(2), jmbe-19.  
https://doi.org/10.1128%2Fjmbe.v19i2.1599 

Boegner, D., Bickmeyer, U., & Koehler, A. (2013). Fertilization 
success of an arctic sea urchin species, 
Strongylocentrotus droebachiensis (OF Müller, 1776) 
under CO 2-induced ocean acidification. Biogeosciences 
Discussions, 10(5), 8027–8064.  
https://doi.org/10.5194/bgd-10-8027-2013 

Borra, R. C., Lotufo, M. A., Gagioti, S. M., Barros, F. de M., & 
Andrade, P. M. (2009). A simple method to measure cell 
viability in proliferation and cytotoxicity assays. Brazilian 
Oral Research, 23, 255–262.  
https://doi.org/10.1590/s1806-83242009000300006 

Byrne, M., Foo, S., Soars, N. A., Wolfe, K. D., Nguyen, H. D., 
Hardy, N., & Dworjanyn, S. A. (2013). Ocean warming will 
mitigate the effects of acidification on calcifying sea 
urchin larvae (Heliocidaris tuberculata) from the 
Australian global warming hot spot. Journal of 
Experimental Marine Biology and Ecology, 448, 250–257. 
https://doi.org/10.1016/j.jembe.2013.07.016 

Comiso, J., Perez, G. J., & Stock, L. (2015). Enhanced Pacific 
Ocean Sea Surface Temperature and Its Relation to 
Typhoon Haiyan. Journal of Environmental Science and 
Management, 18(1), Article 1.  
https://doi.org/10.47125/jesam/2015_1/01 

Delorme, N. J., & Sewell, M. A. (2013). Temperature limits to 
early development of the New Zealand sea urchin 
Evechinus chloroticus (Valenciennes, 1846). Journal of 
Thermal Biology, 38(5), 218–224.  
https://doi.org/10.1016/j.jtherbio.2013.02.007 

Doney, S. C., Ruckelshaus, M., Emmett Duffy, J., Barry, J. P., 
Chan, F., English, C. A., Galindo, H. M., Grebmeier, J. M., 
Hollowed, A. B., Knowlton, N., Polovina, J., Rabalais, N. 
N., Sydeman, W. J., & Talley, L. D. (2012). Climate Change 
Impacts on Marine Ecosystems. Annual Review of 
Marine Science, 4(1), 11–37.  
https://doi.org/10.1146/annurev-marine-041911-111611 

Dworjanyn, S. A., & Byrne, M. (2018). Impacts of ocean 
acidification on sea urchin growth across the juvenile to 
mature adult life-stage transition is mitigated by 
warming. Proceedings of the Royal Society B: Biological 
Sciences, 285(1876), 20172684.  
https://doi.org/10.1098/rspb.2017.2684 

Ettensohn, C. A. (2017). Sea urchins as a model system for 
studying embryonic development. Reference Module in 
Biomedical Sciences, 1–7.  
https://doi.org/10.1016/B978-0-12-801238-3.99509-6 

Fujisawa, H. (1989). Differences in temperature dependence 
of early development of sea urchins with different 
growing seasons. The Biological Bulletin, 176(2), 96–102. 

Fujisawa, H., & Shigei, M. (1990). Correlation of embryonic 
temperature sensitivity of sea urchins with spawning 
season. Journal of Experimental Marine Biology and 
Ecology, 136(2), 123–139.  
https://doi.org/10.2307/1541576 

García Molinos, J., Halpern, B. S., Schoeman, D. S., Brown, C. J., 
Kiessling, W., Moore, P. J., Pandolfi, J. M., Poloczanska, 
E. S., Richardson, A. J., & Burrows, M. T. (2016). Climate 
velocity and the future global redistribution of marine 
biodiversity. Nature Climate Change, 6(1), 83–88. 
https://doi.org/10.1038/nclimate2769 

Hernroth, B., Baden, S., Thorndyke, M., & Dupont, S. (2011). 
Immune suppression of the echinoderm Asterias rubens 
(L.) following long-term ocean acidification. Aquatic 



 
Aquaculture Studies AQUAST1452 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Toxicology, 103(3–4), 222–224.  
https://doi.org/10.1016/j.aquatox.2011.03.001 

Höök, M., & Tang, X. (2013). Depletion of fossil fuels and 
anthropogenic climate change—A review. Energy Policy, 
52, 797–809.  
https://doi.org/10.1016/j.enpol.2012.10.046 

Ishida, J. (1936). An enzyme dissolving the fertilization 

membrane of sea-urchin eggs. 動物学彙報, 15(4), 453–

459. 
Juinio-Meñez, M. A., Macawaris, N. N., & Bangi, H. G. P. (1998). 

Community-based sea urchin (Tripneustes gratilla) grow-
out culture as a resource management tool. Canadian 
Special Publication of Fisheries and Aquatic Sciences, 
393–400. 

Karelitz, S. E., Uthicke, S., Foo, S. A., Barker, M. F., Byrne, M., 
Pecorino, D., & Lamare, M. D. (2017). Ocean acidification 
has little effect on developmental thermal windows of 
echinoderms from Antarctica to the tropics. Global 
Change Biology, 23(2), 657–672.  
https://doi.org/10.1111/gcb.13452 

Klumpp, D. W., Salita-Espinosa, J. T., & Fortes, M. D. (1993). 
Feeding ecology and trophic role of sea urchins in a 
tropical seagrass community. Aquatic Botany, 45(2–3), 
205–229.  
https://doi.org/10.1016/0304-3770(93)90022-O 

Lenz, B., Fogarty, N. D., & Figueiredo, J. (2019). Effects of ocean 
warming and acidification on fertilization success and 
early larval development in the green sea urchin 
Lytechinus variegatus. Marine Pollution Bulletin, 141, 
70–78. 
https://doi.org/10.1016/j.marpolbul.2019.02.018 

Li, Y.-Y., Su, F.-J., Hsieh, Y.-J., Huang, T.-C., & Wang, Y.-S. (2021). 
Embryo Development and Behavior in Sea Urchin 
(Tripneustes gratilla) Under Different Light Emitting 
Diodes Condition. Frontiers in Marine Science, 8: 684330. 
https://doi.org/10.3389/fmars.2021.684330 

Limatola, N., Chun, J. T., & Santella, L. (2022). Species-Specific 
Gamete Interaction during Sea Urchin Fertilization: Roles 
of the Egg Jelly and Vitelline Layer. Cells, 11(19), 2984. 
https://doi.org/10.3390/cells11192984 

McClay, D. R. (2011). Evolutionary crossroads in 
developmental biology: Sea urchins. Development, 
138(13), 2639–2648.  
https://doi.org/10.1242/dev.048967 

Mejía-Gutiérrez, L. M., Benítez-Villalobos, F., & Díaz-Martínez, 
J. P. (2019). Effect of temperature increase on 
fertilization, embryonic development and larval survival 
of the sea urchin Toxopneustes roseus in the Mexican 
south Pacific. Journal of Thermal Biology, 83, 157–164. 
https://doi.org/10.1016/j.jtherbio.2019.05.011 

Miller, G. M., Kroon, F. J., Metcalfe, S., & Munday, P. L. (2015). 
Temperature is the evil twin: Effects of increased 
temperature and ocean acidification on reproduction in 
a reef fish. Ecological Applications, 25(3), 603–620. 
https://doi.org/10.1890/14-0559.1 

Molle, A. P., Marhendra, A. P. W., & Rahayu, S. (2022). Effect 
of Active Detergent Ingredients on Successful 
Fertilization and Embryo Development of Sea urchins 
Tripneustes gratilla (Linnaeus, 1758). The Journal of 
Experimental Life Science, 12(2), Article 2. 
https://doi.org/10.21776/ub.jels.2022.012.02.04 

O’Donnell, M., Todgham, A., Sewell, M., Hammond, L. M., 
Ruggiero, K., Fangue, N., Zippay, M., & Hofmann, G. 
(2010). Ocean acidification alters skeletogensis and gene 
expression in larval sea urchins. Marine Ecology Progress 

Series, 398, 157–171.  
https://doi.org/10.3354/meps08346 

Parvez, M. S., Rahman, M., Yusoff, F. M., Arshad, A., & Lee, S.-
G. (2018). Influence of temperature variation on 
embryonic and early larval development of a 
commercially important tropical sea urchin Tripneustes 
gratilla (Linnaeus, 1758). Indian J Fish, 65(2), 72–81. 
https://doi.org/10.21077/ijf.2018.65.2.72728-09 

Pearse, J. S., & Eernisse, D. J. (1982). Photoperiodic regulation 
of gametogenesis and gonadal growth in the sea star 
Pisaster ochraceus. Marine Biology, 67, 121–125. 
https://doi.org/10.1007/BF00401277 

Pecorino, D., Lamare, M. D., & Barker, M. F. (2012). Growth, 
morphometrics and size structure of the Diadematidae 
sea urchin Centrostephanus rodgersii in northern New 
Zealand. Marine and Freshwater Research, 63(7), 624–
634. https://doi.org/10.1071/MF12040 

Pörtner, H.-O. (2008). Ecosystem effects of ocean acidification 
in times of ocean warming: A physiologist’s view. Marine 
Ecology Progress Series, 373, 203–217. 
https://doi.org/10.3354/meps07768 

Rahman, M. S., Rahman, S. M., & Uehara, T. (2007). Effects of 
temperature on early development of the sea urchin 
Echinometra mathaei from the intertidal reef of Okinawa 
Island, Japan. Journal of the Japanese Coral Reef Society, 
9(1), 35–48. https://doi.org/10.3755/jcrs.9.35 

Rahman, S., Tsuchiya, M., & Uehara, T. (2009). Effects of 
temperature on hatching rate, embryonic development 
and early larval survival of the edible sea urchin, 
Tripneustes gratilla. Biologia, 64, 768–775. 
https://doi.org/10.2478/s11756-009-0135-2 

Regalado, J. M., Campos, W. L., & Santillan, A. (2010). 
Population biology of Tripneustes gratilla 
(Linnaeus)(Echinodermata) in seagrass beds of Southern 
Guimaras, Philippines. Science Diliman, 22(2).  

Sasaki, K., & Chiba, K. (2001). Fertilization blocks apoptosis of 
starfish eggs by inactivation of the MAP kinase pathway. 
Developmental Biology, 237(1), 18–28.  
https://doi.org/10.1006/dbio.2001.0337 

Sheppard Brennand, H., Soars, N., Dworjanyn, S. A., Davis, A. 
R., & Byrne, M. (2010). Impact of ocean warming and 
ocean acidification on larval development and 
calcification in the sea urchin Tripneustes gratilla. PloS 
One, 5(6), e11372.  
https://doi.org/10.1371/journal.pone.0011372 

Tualla, I. P. B., & Bitacura, J. G. (2016). Effects of cadmium and 
zinc on the gamete viability, fertilization, and embryonic 
development of Tripneustes gratilla (Linnaeus). 
Scientifica, 2016.  
https://doi.org/10.1155/2016/8175213 

Voronina, E., & Wessel, G. M. (2001). Apoptosis in sea urchin 
oocytes, eggs, and early embryos. Molecular 
Reproduction and Development: Incorporating Gamete 
Research, 60(4), 553–561.  
https://doi.org/10.1002/mrd.1120 

Weinmann, A. E., Rödder, D., Lötters, S., & Langer, M. R. 
(2013). Heading for new shores: Projecting marine 
distribution ranges of selected larger foraminifera. PLoS 
One, 8(4), e62182.  
https://doi.org/10.1371/journal.pone.0062182 

Wessel, G. M., Wada, Y., Yajima, M., & Kiyomoto, M. (2021). 
Bindin is essential for fertilization in the sea urchin. 
Proceedings of the National Academy of Sciences, 
118(34), e2109636118.  
https://doi.org/10.1073/pnas.2109636118  


