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Abstract. Surface run-off of chemical pollutants such as fungicide in the aquatic environment might 
have negative effects on the early life cycle of invertebrates and hence their abundance. In this study, 
the effects of Daconil fungicide in the gametes and the fertilization process of Tripneustes gratilla were 
evaluated at different concentrations. Fresh and alive T. gratilla were obtained and chemically induced to 
produce gametes. The egg cells and sperm cells were then placed together into medium with different 
fungicide concentrations (1.0%, 0.1% and 0.01%) to initiate fertilization. Results revealed the fungicide 
causes destruction of the gametes at 1.0% concentration. Cell lysis in egg cell and absence of sperm 
cells motility were noted at lower concentrations. Hence, Daconil fungicide had detrimental effects on the 
gametes of T. gratilla which inhibits the process of fertilization to occur. 
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Introduction. Tripneustes gratilla (Linneaus, 1758) is a shallow water echinoid which is 
widely distributed in the tropical Indo-West Pacific region (Lawrence & Agatsuma 2001, 
2007). Like many other littoral echinoids, this species is of economic and ecological 
interest since it is edible with good potential for aquaculture and is considered as a 
primary herbivore in the various habitats it occupies (Lawrence & Agatsuma 2001, 2007; 
Dworjanyn et al 2007; Unsworth et al 2010). T. gratilla generally feeds on available sea 
grass species; however, in the presence of different types of sea grasses, it showed 
preference to Syringodium isoetifolium (Lyimo et al 2011). Further, Sheppard Brennand 
et al (2010) revealed that T. gratilla is ecologically important as it directly or indirectly 
recycle nutrients in various habitats (Lawrence & Agatsuma 2001; Sheppard Brennand et 
al 2010). In the Philippines, T. gratilla which is locally called “swaki”, has higher 
economic value as compared to other echinoids. Although many other species of sea 
urchin are considered edible, the T. gratilla is the most widely exploited by local 
communities due to its large gonads that can be eaten either raw or cooked. According to 
Juinio-Meñez et al (1998), unregulated harvesting of T. gratilla as food has led to the 
dropped of its population density to zero in late 1992 from 2 individuals per m2 in 1987. 
Ocean acidification might also contribute to the decline in T. gratilla population as it 
causes reduction in the size of T. gratilla larvae which more likely impair their 
performance (Sheppard Brennand et al 2010). However, aside from over exploitation and 
ocean acidification, anthropogenic disturbances including surface run-off of chemical 
pollutants such as fungicides might have also contributed to the reduction of T. gratilla 
abundance. 
 Daconil is considered as one of the world’s leading contact fungicide with a multi-
site mode of action and is widely use on over 65 crops for the control of more than 125 
diseases throughout the world; chlorothalonil is the active ingredient contained in Daconil 
responsible for its anti-fungal efficiency (Daconil: The World’s Leading Fungicide Partner 
for Fungal Control Programs 2015). Chlorothalonil is a chloronitrile fungicide with a non-
systemic broad-spectrum mode of action and foliar action with some protectant 
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properties (Leitão et al 2014). It is a multi-site inhibitor that affects the various enzymes 
and other metabolic processes in fungi and is toxic to fungal cell membranes (Pesticide 
Info Sheet: Chlorothalonil 2004). Moreover, chlorothalonil acts by preventing spore 
germination and zoospore motility (Sakkas et al 2002; MacBean 2012). The mode of 
action of chlorothalonil is not fungi specific; hence, surface run-off of this fungicide into 
the aquatic environment might also bring devastating effects on the macrobenthic 
organisms. The ability of chlorothalonil to contaminate water at long distances from 
where it is used was demonstrated in a U.S. Dept. of Agriculture study in Bering Sea 
(Chernyak et al 1996). Chlorothalonil was found in several sea water samples that have 
collected from the Bering Sea (Chernyak et al 1996). Laboratory studies conducted by 
Syngenta Crop Protection, Inc. showed that chlorothalonil is highly toxic to fish and 
aquatic invertebrates; however, studies pertaining to the effects of chlorathalonil in the 
gametes and fertilization process of marine invertebrates were not explored by the 
company.    
 Several mechanisms involved in the fertilization process of sea urchin are 
susceptible to chemical changes in its surrounding environment; hence, their gametes 
are frequently used as indicator organisms in environmental related studies. In this 
paper, the effect of Daconil fungicide on the gametes and fertilization process of T. 
gratilla was evaluated. Moreover, different fungicide concentrations were used to assess 
the possible variation in the response of gametes at different concentration.  
 
Material and Method. Fresh and alive T. gratilla were collected along the coastal area in 
the Municipality of Kauswagan, Philippines on March 30, 2015. A total of 10 individuals 
were collected to ensure the presence of female and male T. gratilla. Samples soaked 
with seawater were then immediately brought to the biology laboratory at MSU-IIT for 
processing. 
 To induce spawning in T. gratilla, about 0.1-0.2 ml of 0.5M KCl solution per inch of 
sea urchin width were injected using a small needle into the surrounding soft tissue of 
the mouth side. After the injection, the T. gratilla were placed in the Petri dish with its 
mouth side down. At some point later, gametes were then seen extruded from the top of 
the sea urchin. A white milky substance identifies a male while an orange substance 
identifies a female. A small amount of these substances were viewed under microscope 
for validation of gametes. Subsequently, the gametes were collected separately and 
mixed with filtered seawater. 
 Different concentrations of Daconil fungicide (10%, 1.0% and 0.1%) were 
prepared in this experiment for the experimental set-up. About 1.0 mL of each 
concentrate was added separately into 9.0 mL filter seawater contained in Petri plates 
which serve as medium for the fertilization process. The concentration of the fungicide in 
the 3 mediums was further diluted into 1.0%, 0.1% and 0.01% respectively. The 
fertilization medium for the control set-up purely contained 10 mL filtered seawater.    
 In each of the experimental and control set-ups, a drop of egg cells and sperm 
cells were added and were mixed gently to allow fertilization to occur. Each of the 
mediums was then immediately observed under the microscope to determine and 
compare the response of the gametes with different concentrations of fungicide. Constant 
observations were made to detect, if present, the formation of fertilization envelope and 
subsequent cell cleavage. The outcome obtained from the experimental and control set-
ups were then compared. The whole duration of observation lasted for only 6 hours.  
 
Results and Discussion. The effects of Daconil fungicide have been evaluated on the 
gametes and subsequent fertilization process in T. gratilla at increasing concentration. 
Addition of sperm cells in the medium with 1.0% concentration alters the sperm cells 
activity making it immotile and eventually lead to its death. Sperm cells can no longer be 
recognized as it submerged at the bottom together with the insoluble component of 
fungicide. Presumably, sperm cells were degraded by the chemical components of the 
fungicide. A more evident adverse effect on the egg cells has also been observed at 1.0% 
concentration as shown in Figure 1. Observations revealed that eggs cells have expanded 
and faded relative to its original size and colour (Figure 1a). As with the sperm cells, egg 
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cells have also sink at the bottom, started to disintegrate (Figure 1b) and eventually 
vanished leaving a clear spot in the area where the egg cell was once located (Figure 1c). 
The effects of fungicide at 1.0% concentration are more prominent and conclusive in egg 
cells compared to the sperm cells due to its large size. Apparently, fertilization was 
impossible to occur, fertilization envelope was not visible in any of the egg cells and 
sperm cells were not even seen clustered around the egg cells (Figure 1d).   
 

 
Figure 1. Effect of Daconil fungicide on the gametes of T. gratilla at 1.0% concentration. 
 

 
Figure 2. Effect of Daconil fungicide on the gametes of T. gratilla at 0.1% concentration. 
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Figure 3. Effect of Daconil fungicide on the gametes of T. gratilla at 0.01% concentration. 
 

 
Figure 4. Fertilization and early cleavage stage in T. gratilla at the control set-up. 

  
The effect of Daconil fungicide at 0.1% is quite different and to some extent less adverse 
compared to the former concentration (Figure 2). Though egg cells did not vanish 
completely, an opening had been observed at one pole of the egg cell (Figure 2a) that 
allows cytoplasmic content to be extruded (Figure 2a,b,c,d) and altered the shape of the 
egg cell (Figure 2b). Cell lysis had most likely occurred and although it was not further 
documented, this event will ultimately lead to cell destruction. Additionally, sperm cells 
were not seen clustered around the egg cells. Sperm cells were still visible in the medium 
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after 3 hours as shown Figure 2d but were no longer moving and most appeared to have 
sunk at the bottom.  
 At 0.01% concentration, no significant changes in the egg cell’s shape have been 
observed as compared to 1.0% and 0.1% concentration. However, during the last hour of 
observation, it was noticed that there were very few egg cells that started to release little 
amount of its cytoplasmic content to the surrounding medium (Figure 3a). The event was 
similar to what was observed in the egg cells at 0.1% concentration but with less 
apparent effect. Sperm cells have remained clustered around the egg cell (Figure 3b), 
very few were observed moving slowly but most have become immotile and sunk at the 
bottom. Although some sperm cells may still appear to be viable, fertilization envelope 
was still not seen in all egg cells (Figure 3b) after 6 hours of observation; hence, 
fertilization is still not possible at 0.01% concentration.  
 In the control set-up, successful fertilization and early cleavage stage of the 
embryo have been observed. The successful penetrations of sperm cell through the jelly 
coat and plasma membrane of egg cell results in the formation of fertilization envelope 
(Figure 4a). Figure 4 shows the 2-cell embryo resulting the first holoblastic and equal 
cleavage (Figure 4b), the 4-cell embryo showing the nucleus in each cell (Figure 4c) and 
the 8-cell embryo (Figure 4d) that were observed at the control medium containing only 
filtered seawater.  
 The results of this laboratory experiment demonstrated the detrimental effects of 
Daconil fungicide in T. gratilla. The fungicide appears to have a toxic effect on the 
gametes that inhibits the fertilization process to occur. In situ, T. gratilla along with other 
species of sea urchin undergoes external fertilization making its gametes vulnerable to 
various chemical pollutants such as fungicide. The harmful effects of Daconil were more 
evident at 1.0% concentration. As the fungicide concentration decreases, the effects on 
the gametes were reduced but fertilization was still impossible.   
 As mentioned, chlorothalonil is the active ingredient present in Daconil fungicide. 
Several studies cited by De Lorenzo & Serrano (2003) and Cox (1997) indicated that the 
chlorothalonil’s mode of action involves binding and depleting all available glutathione in 
the cell leaving enzymes that are dependent on glutathione functionless. As reviewed by 
Deponte (2013), the reduced form of glutathione serves as a ubiquitous nucleophile in 
order to convert a variety of electrophilic substances under physiological conditions and 
glutathione-dependent enzymes significantly accelerate most of these chemical reactions 
in numerous metabolic pathways. Several enzymes that are important in the process of 
cellular respiration such as glyceraldehyde-3-phosphate dehydrogenase (GAPDH) are 
glutathione dependent (Caux et al 1996; Tillman et al 1973). Cellular respiration is a vital 
metabolic process in the cell that breaks down macromolecules to generate ATP used by 
the cell as the source of energy needed to perform other important process essential for 
survival. The action of chlorothalonil inhibits cellular respiration to occur and thus making 
cells depleted with energy. ATP is essential for the sperm cell’s motility in order to 
fertilize an egg cell; depletion of ATP brought about by the action of chlorothalonil 
negatively affects the sperm activity and the sperm cell as a whole. Decreased sperm 
activity therefore reduces the chance of successful fertilization as sperm cells were 
probably killed before it could penetrate the egg cell.  
 The result of this study also reveals that chlorothalonil has a negative effect on 
the plasma membrane of the egg cells. Although no literatures were available to support 
the claim, chlorothalonil might have disrupted the layer of phospholipids which is the 
main structural component of the plasma membrane leading to cell lysis and degradation. 
In the study conducted by Hosoya & Mikami (2008), Imazalil fungicide was found to have 
an inhibitory and cytotoxic effect on the early development of fertilized egg of two 
species of sea urchin (Scaphechinus mirabilis and Strongylocentrotus nudus). In this 
present study, however, the effects of Daconil fungicide were evaluated during the pre-
fertilization and fertilization stage not on the early development stage. Hence, regardless 
of the stage, fungicides were proven to have detrimental effects on the early life cycle of 
sea urchins that reduces its survival rate and abundance. According to Syngenta Crop 
Protection, studies in the laboratory and field have shown that chlorothalonil dissipates 
rapidly in the aquatic environment with a half-life of less than 8 hours. Nevertheless, the 
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success of fertilization in T. gratilla still remains at risk as the result of this study showed 
that the negative effects of Daconil fungicide at the lowest concentration of 0.01% were 
apparent within the 6 hours of observation. Best management practices must be followed 
to ensure that surface run-off in the aquatic environment are prevented. 
 
Conclusions. The effect of Daconil fungicide was found to have detrimental effects on 
the gametes of the T. gratilla sea urchin that makes the process of fertilization 
impossible. The most adverse effect of fungicide on the gametes was observed at 1.0% 
concentration. The effects of fungicide on the sperm cells at 0.1% and 0.01% 
concentrations were not clearly evaluated as compared to the egg cells due to its small 
size. Absence and decreased in motility were the only observations noted in sperm cells. 
However, due to its nature, sperm cells were deduced be more susceptible to the action 
of the fungicide compared to the egg cells which greatly contributed to failure in 
fertilization process. Hence, from the findings in this study, possible run-off of Daconil 
fungicide in the marine environment could pose a risk in the survival and abundance of T. 
gratilla sea urchin. 
 
Acknowledgements. The authors would like to extend their warm gratitude to Mr. Dan 
Michael C. Lagat for his valuable assistance during the collection of T. gratilla samples. 
 
References 
 
Caux P. Y., Kent R. A., Fan G. T., Stephenson G.L., 1996 Environmental fate and effects 

of chlorothalonil: a Canadian perspective. Critical Reviews in Environmental Science 
and Technology 26(1):45-93. 

Chernyak S. M., Rice C. P., McConnell L. L., 1996 Evidence of currently-used pesticides in 
air, ice, fog, seawater, and surface microlayer in the Bering and Chukchi Seas. 
Marie Pollution Bulletin 32(5):410-419. 

Cox C., 1997 Fungicide factsheet: chlorothalonil. Journal of Pesticide Reform 17:14-20. 
DeLorenzo M. E., Serrano L., 2003 Individual and mixture toxicity of three pesticides; 

atrazine, chlorpyrifos, and chlorothalonil to the marine phytoplankton species 
Dunaliella tertiolecta. Journal of Environmental Science and Health, Part B -
Pesticides, Food Contaminants, and Agricultural Wastes 38(5):529-538. 

Deponte M., 2013 Glutathione catalysis and the reaction mechanisms of glutathione-
dependent enzymes. Biochimica et Biophysica Acta 1830:3217–3266. 

Dworjanyn S. A., Pirozzi I., Liu W., 2007 The effect of the addition of algae feeding 
stimulants to artificial diets for the sea urchin Tripneustes gratilla. Aquaculture 
273:624–633. 

Hosoya N., Mikami T., 2008 Effects of fungicide imazalil on the early development of sea 
urchin eggs. Tissue Culture Research Communications 27:117-123. 

Juinio-Meñez M. A., Hapitan R. M., 1998 Mass culture of the sea urchin Tripneustes 
gratilla. Transactions of the National Academy of Science and Technology. 
Proceedings of the 20th Annual Scientific Meeting and the 4th National Social 
Science Congress of the Department of Science and Technology, July 8-9, Pasay 
City, Philippines, pp. 308-323. 

Lawrence J. M., Agatsuma, Y., 2001 The ecology of Tripneustes. In: Edible sea urchins: 
biology and ecology. Developments in aquaculture and fisheries science. Lawrence 
J. M. (ed), Elsevier Science B.V., pp. 395-413. 

Lawrence J. M., Agatsuma Y., 2007 Ecology of Tripneustes. In: The biology and ecology 
of edible urchins. Lawrence J. M. (ed), Elsevier Science, Amsterdam, pp. 499–520. 

Leitão S., Cerejeira M. J., Van den Brink P. J., Sousa J. P., 2014 Effects of azoxystrobin, 
chlorothalonil, and ethoprophos on the reproduction of three terrestrial 
invertebrates using a natural Mediterranean soil. Applied Soil Ecology 76:124-131. 

Lyimo T. J., Mamboya F., Hamisi M., Lugomela C., 2011 Food preference of the sea 
urchin Tripneustes gratilla (Linnaeus, 1758) in tropical seagrass habitats at Dar es 
Salaam, Tanzania. Journal of Ecology and the Natural Environment 3(13):415-423. 

MacBean C., 2012 The pesticide manual. 16th Edition, Hampshire, BCPC, 557 pp. 



AES Bioflux, 2015, Volume 7, Issue 3. 
http://www.aes.bioflux.com.ro 421 

Sakkas V. A., Lambropoulou D. A., Albanis T. A., 2002 Study of chlorothalonil 
photodegradation in natural waters and in the presence of humic substances. 
Chemosphere 48:939–945. 

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.  

Tillman R. W., Siegel M. R., Long J. W., 1973 Mechanism of action and fate of the 
fungicide chlorothalonil (2,4,5,6-tetrachloroisophthalonitrile) in biological systems. 
1. Reactions with cells and subcellular components of Saccharomyces pastorianus. 
Pesticide Biochemistry and Physiology 3:160-167. 

Unsworth R. K. F., Cullen L. C., Pretty J. N., Smith D. J., Bell J. J., 2010 Economic and 
subsistence values of the standing stocks of seagrass fisheries: potential benefits of 
no-fishing marine protected area management. Ocean and Coastal Management 
53:218–224. 

*** Chlorothalonil: the active ingredient in Daconil. Envirofacts Syngenta Crop 
Protection. Retrieved from: 
www.syngentacropprotection.com/Env.../Bravo%20July17.pdf on March 31, 2015.  

*** Daconil: the world’s leading fungicide partner for fungal control programs. Retrieved 
from:http://www3.syngenta.com/country/eg/en/cropprptection/ourproducts/fungi 
cides/Pages/Daconil.aspx on March 31, 2015. 

*** Pesticide info sheet: chlorothalonil, 2004 British Columbia Ministry of Agriculture, 
Food and Fisheries. Retrieved from www.agf.gov.bc.ca/pesticides/infosheets/ 
chlorothalonil.pdf on March 31, 2015.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Received: 24 April 2015. Accepted: 20 May 2015. Published online: 26 May 2015. 
Authors: 
Queenilyn B. Albutra, Department of Biological Sciences, College of Science and Mathematics, Mindanao State 
University – Iligan Institute of Technology, A. Bonifacio Avenue, Iligan City, 9200, Philippines, e-mail: 
queenilyn_albutra@yahoo.com 
Liza A. Adamat, Department of Biological Sciences, College of Science and Mathematics, Mindanao State 
University – Iligan Institute of Technology, A. Bonifacio Avenue, Iligan City, 9200, Philippines, e-mail: 
lizadamat@gmail.com 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Albutra Q. B., Adamat L. A., 2015 Describing the qualitative effects of Daconil fungicide in the gametes and 
fertilization process of sea urchin (Tripneustes gratilla). AES Bioflux 7(3):415-421. 


