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Abstract 

  The grooved carpet shell clam (Ruditapes decussatus) is one of the most economically essential mollusks in Mediterranean 

lagoons and sandy beaches, with fisheries and aquaculture both contributing to its abundance. The goal of this research is 

to see how varying amounts of acidity affect this calcifying organism. 420 ppm (ambient control), 550 ppm, 750 ppm, and 

1050 ppm were used to incubate juvenile clams in CO2  enriched saltwater. With increasing pCO2 , the biological 

parameters evaluated revealed a small decline. Differences, however, were not substantial. In terms of overall weight, the 

reduction was greatest at 550 and 1050 ppm. Furthermore, clams kept at 550 parts per million had the lowest condition 

index and the greatest mortality rate of 8%. Both the 550 ppm and the control 420 ppm groups demonstrated an increase 

in metabolic rate and ammonia excretion in the physiological response testing. With increasing acidification, the algal feed 

clearance rate declined, with the highest average value in the control (420 ppm) group and the lowest average value in the 

extremely high pCO2 (1050 ppm) group. Ocean acidification may put further strain on R. decussatus health and economic 

value by the end of the century.  
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Introduction 

 
  The decrease in pH in saltwater caused by higher CO2 levels in the atmosphere is known as 

ocean acidification. Since the industrial revolution, CO2 deposition into the atmosphere has 

increased at a faster rate (Dupont and Portner, 2013). Because of the increasing cost of 

creating or maintaining shell material under lower pH, ocean acidification is projected to put 

energetic limitations on marine calcifying creatures like molluscs and echinoderms (Carey and 

Sigwart, 2016). Global warming is attributed to increases in atmospheric carbon dioxide 

partial pressure and several greenhouse gases. The average worldwide CO2 emissions will 

reach 650 parts per million by 2100, according to the Intergovernmental Panel on Climate 

Change's (IPCC) B1 scenario (Caldeira and Wickett 2005). As a result of physical dissolution 

through the surface microlayer, a rise in atmospheric pCO2 concentration will result in an 

increase in its concentration in an adjacent water body, according to Henery's law. About a 

quarter of the CO2 produced daily by human activities is absorbed by the seas, resulting in 

ocean acidification due to a change in the chemical balance of the seawater carbonate system 

(Joint and Karl, 2011). The integrity of calcium carbonate structures has a direct impact on 

survival in many invertebrates, as they provide physical shelter from predators and 

environmental stressors like wave movement (Ellis et al., 2017).pH has a vital role in all 

marine organisms, and the change in internal pH can affect an organism’s health or even lead 

to death. Marine organisms have to preserve their internal pH prorated to that of the 

surrounding seawater. Some have complicated systems that can regulate internal pH 

(Hassellov et al.,2013). Ocean acidification, or changes in seawater carbonate chemistry caused 

by anthropogenic CO2 absorption, is a major threat to marine biodiversity (Hester et al.,2008). 

The most heavily influenced species by their surrounding environment are the ones without 
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these systems and can be rapidly menaced by changes in acidity (Cao and Caldeira, 2008). 

Although the research concerned with the impact of ocean acidification on the marine 

environment is growing very fast, it is still poorly understood and the picture is not fully clear. 

The carpet shell clam, Ruditapes decussatus, is regarded as one of the most common bivalves 

with a high economic value in numerous countries (Parker et al.,2013). Bivalves are commonly 

utilized as bioindicator species because they are sessile organisms that are susceptible to 

chemical pollution and environmental changes in the aquatic compartment (De Marchi et 

al.,2020).The present study aims to study the effect of different levels of acidification on this 

calcifying Ruditapes decussatus. 

        
 

Material and methods 

  Individuals of grooved carpet shell clam Ruditapes decussatus were   collected in January 2020  

from the Lake Al-Razzaza , which is located between Karbala and Anbar provinces. At the 

beginning  clams of experiments were transported and  put  in the receiving tank to 

recuperate from the transportation stress and acclimate to lab conditions in  laboratories.The 

mean length at the start of the study  was 22.27 mm (±0.74 SD). 

  

The experimental design included four treatments, each reflecting a different PCO2 concentration 

(420, 550, 750, and 1050 PPM ). Clams were housed in 3 L of 1m filtered seawater in 4-liter tanks 

after two days of acclimatization. The experiment was split into two groups, A and B, each with 

the same conditions. There were 12 experimental tanks in each set (For each PCO2 treatment, 

there are 3 replicate tanks ). Each tank has an air pump that supplied oxygen to the circulation 

system to keep it healthy. Set A was used to record mortality, shell length, total weight, and 

condition index data, whereas Set B was used to record mortality, clearance rate, and ammonia 

excretion. 

Clams were fed Isochrysis galbana once a day at a concentration of 100,000 cell/ml. Clams were 

cultured for 36 days at the four pCO2 concentrations listed above while maintaining consistent 

alkalinity. 

A pH meter was used to measure the original pH of seawater (Jenway 3505).   Grasshoff et al., 

(1983) employed spectrophotometry to quantify seawater temperature, salinity, silicate, and 

phosphate, which were then used as inputs for CO2 sys calculations. 

 CO2SYS calculations using the two measured CO2 parameters, pHsw and TAsw, were used to 

determine seawater carbonate chemistry parameters at the start and throughout the experiment. 

The dissociation constants K1 and K2 (Mehrbach et al., 1973, Dickson and Millero, 1987) were 

employed in the carbonate system. Dickson (1990) constants were used to derive the acidity 

constant of H2SO2  in saltwater .Every two hours, the water chemistry in each system was 

swapped, monitored, and corrected using carbon dioxide saturated Seawater. 

Index of condition (C.I): 

A day before setting up the experiment, condition index  was determined for 50 individuals in 

pre-weighted pans. The measurements of C.I. were repeated at the end of the experiment for 30 

individuals per treatment and its triplicate, the clams were dissected after their shell length and 

total weight had been recorded, they were opened by cutting the adductor muscle, the shell and 

viscera  were entirely separated in their own weighed pans, both were dried in separate pans at 90 
0C for 24 h, then they were weighed again. C.I was calculated according to (Walne ,1976) as 

follows: 

C.I = [(dry flesh weight/ dry shell weight) x 100]. 

Metabolic rate: 

Metabolic rate was estimated by incubating one clam per jar from each treatment in a 250 mL 

oxygen bottle for 3 hours to measure oxygen consumption rate (OCR). Clams were not fed for 6 

hours prior to the start of the incubation phase. Oxygen consumption rates were calculated as the 
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rate at which oxygen concentrations decreased over the course of three hours of incubation, as 

determined using the modified Winkler method for the initial and final three hours of incubation. 

Cerezo et al., (2006) used the following equation to compute OCR: 

OCR = (DO0-DOt) V/ (DW T) 

Subscripts 0 and t time signify the initial and final concentrations of dissolved oxygen (DO), V is 

the volume of the respiration chamber (l), DW is the dry weight of R. decussates, and T is the 

time between the initial and final measurements (h). 

Clearance rate: 

 Coughlan, (1969) used the following equation to calculate clearance rate: 

CR = V (ln C1 - ln C2) / t 

Where CR represents the clearance rate, V represents the volume of water consumed, C1 and C2 

represent the cell concentrations between two sampling intervals, and t is the time increment. 

 Rate of ammonia excretion 

 The experiment was carried out by immersing 30 adult clams in 3 L of seawater and measuring 

the ammonia content before and after feeding with  Isochrysis galbana for 24 hours. This analysis 

was carried out in accordance with the methodology described by Grasshoff et al., (1983). 

Statistical analysis: 

 SPSS was used for all statistical analyses (version 22). The paired T-test was used to determine 

the differences in shell length and total weight of the investigated clams before and after the 

experiment. Furthermore, a one-way ANOVA with treatment as a single factor was used to 

detect differences between treatments and the effect of time after exposure on several indicators 

of clam physiological responses. 

 

Results 

Acidification's effect on shell length   

 
Ruditapes decussatus showed no significant changes in shell length between the start and end of 

the trial when given varied PCO2 treatments.After exposure to various amounts of 

acidification, there were no significant variations in SL among all treatments, including the 

control (Table 1). 

Acidification's effect on total weight 

 

After 36 days of acidification at various pCO2 concentrations, total weight decreased 

insignificantly among different treatments(P≥0.05: Table 1).  
 

Table 1. The biological and physiological parameters of Ruditapes decussates clams exposed to varied 

acidification conditions were tested using one-way ANOVA. 

Source df F Sig. 

Ammonia Excretion 3 1.351 0.289 

Ammonia Excretion intervals 3 3.7 0.046 

Clearance Rate 3 0.703 0.612 

Clearance Rate intervals 8 3.922 0.007 

Condition Index 4 21.679 0.001 

Metabolic Rate 3 0.452 0.679 

Metabolic Rate intervals 7 6.632 0.002 

Shell length 3 1.302 0.207 

Total weight 3 3.702 0.011 
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Figure 1. R u d i t a p e s  d e c u s s a t u s ' s  m e a n  c o n d i t i o n  i n d e x  w h e n  e x p o s e d  t o  v a r i o u s  

l e v e l s  o f  o c e a n  a c i d i f i c a t i o n .  

 
When compared to the stock's original levels, condition index values decreased in all 

treatments (Fig. 1) The 550 ppm treatment had the lowest condition index of 11.7 whereas the 

ambient control group had the highest condition index of 15. 8. The condition index differed 

significantly between treatments (P<0.05: Table 1). 

 

 Acidification of the oceans' impact on clam mortality : The Clam mortality was not 

significantly affected by ocean acidification. mortality of Ruditapes decussatus incubated clams at 550 ppm 

was 7.62% compared to the ambient group 3.21%. The other treatments did not have any high mortality 

rates (Fig. 2).  
 
 

 
 

Figure 2. Ruditape s  de cu s sa tus  mor ta l i ty  (%)  a f te r  36  days  o f  exposure  to  d i f f e ren t  ocean  

ac id i f i ca t ion  condi t ions  ind ica ted  by  va r i ed  pC O2.   

 

Ocean acidification and metabolic rate 

In all treatments, a high metabolic rate was seen at the start of the experiment when estimating 
oxygen consumption rate (Fig. 3). The metabolic rate fluctuated over the course of the trial, but 
it was often lower than the initial number. 
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Figure 3. Metabolic rate of clam (Ruditapes decussatus) under different acidification    

  

 Ocean acidification and clearance rate . Figure 4 shows  clams incubated at pCO2 

(1050 ppm) had the lowest clearance rate, while the ambient group pCO2 had the highest 

clearance rate (420 ppm ).  

  

  
 Figure 4.  Algae clearance rate by Ruditapes decussatus under various acidity conditions. 

  

 

 Ocean acidification and Ammonia excretion: 

The highest ammonia concentrations were found in the 420 ppm ambient control and 550 

ppm groups, whereas the lowest ammonia concentrations were found in the 1050 ppm group 

(Fig. 5). The ANOVA test, on the other hand, revealed no significant differences between the 

groups (Table 1). Furthermore, ANOVA revealed a significant effect of time of acidification 

exposure (P= 0.05) . 
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    Figure 5.  Ruditapes decussatus excretes ammonia for different levels of acidification. 

  

Discussion  

The The current research focuses on the impact of ocean acidification on the Mediterranean 

clam Ruditapes decussatus, which is considered one of the most commercially important and 

economically valuable bivalve species in several countries, including Iraq (El Khodary et 

al.,2018). This is owing to rising consumer demand as well as the potential for bivalve 

aquaculture in Iraq . As the rate of change in the ocean acidification field accelerates, the 

effects of decreased seawater pH are having a significant impact on the energy distribution 

requirements of clams, as more energy is required for the physiological balance conservation 

mechanisms (Almeida et al.,2018). 

Adult bivalves are less sensitive to variations in marine pCO2 than larval bivalves, according 

to studies, although they nevertheless demonstrate growth, calcification, and physiological 

responses (Maynou et al.,2021). Increased pCO2 has a deleterious impact on bivalve shell 

deposition (De Marchi et al.,2017). Increased pCO2 has a deleterious impact on bivalve shell 

deposition (Beniash et al., 2010) 

Marine creatures' growth is a physiological process that slows dramatically when they are 

exposed to high CO2 levels for an extended period of time (Pousse et al.,2020). Some 

research has found a relationship between bivalve growth rates and pH levels.Ocean 

acidification appears to be affecting the growth of certain bivalve species, according to studies 

(Jebali et al.,2007). Shirayama and Thornton (2005) discovered that even very small increases 

in CO2 of 200 ppm over current levels reduce the growth rate and survival rate of 

echinoderms and gastropods, showing that long-term exposure to CO2 fluctuations can 

impair calcifying species' growth. 

According to Bressan et al., (2014), the Chamelea gallina did not grow under acidified 

circumstances, although their live weight reduced dramatically and a minor loss in shell length 

was noted. The effect of increased CO2 on growth is depicted in terms of shell length and 

weight in this study. The shell size was reduced slightly insignificantly as a result of the SL 

adjustments. Experiments on young Veneridae have also revealed no significant differences in 

growth, as evaluated by size, weight, and net calcification (Sanders et al.,2013). In terms of 

total live weight in the clams, no positive growth was observed during the current trial, with 

no significant differences found between the control and treated animals. In other research, 
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the growth of the mussel Mytilus chilensis was found to be considerably reduced after 

medium and long-term exposure to increased pCO2 levels. (Duarte et al., 2014). 

In the current investigation, the clam Ruditapes decussatus showed maximum mortality at 

550 ppm and delayed mortality at increasing pCO2 (750 and 1050 ppm). This could be 

explained by Gazeau et al. ( 2014), who hypothesized that exerting metabolic depression CO2 

can reduce stress and delay mortality by allowing for more efficient use of energy reserves and 

passive tolerance as an adaptive strategy. 

Several studies have found metabolic depression in several marine organisms when pCO2 

levels are high, owing to a reduced capacity to correct for changes in extracellular ion and 

acid–base status (Michaelidis et al., 2005). This is consistent with the findings of the current 

investigation, which found that at 750 and 1050 ppm CO2, oxygen absorption was lower than 

in control seawater. In many species, a decline in metabolism is induced by an unneutralized 

acid-base state, which results in a change in energy budget. This adaptation approach is used 

to match Adenosine triphosphate supply with demand, hence increasing their chances of 

survival (Gazeau et al.,2013). On the other hand, clams exposed to 550ppm CO2 had a high 

metabolic rate, which was linked to the highest mortality, as previously stated. This was, 

however, referred to as a boost in meal absorption efficiency (Vargas et al.,2015). 

Several studies have found that marine bivalves with high pCO2 levels have minimal 

ammonia excretion Wang et al. (2015) found low AE values (20–45 percent) in the mussel 

Mytilus coruscus, with no significant variations across three different pH levels, while 

considering the impact of seawater acidification on clam ammonia excretion (AE). 

Conclusion 

  The According to the findings, continued ocean acidification may not represent as serious a 

threat to the survival of the Mediterranean clam Ruditapes decussatus as many experts had 

predicted. If adaption mechanisms do not occur with continuing progressive exposure to 

increasing ocean acidification, the low clearance rate (feeding rate), growth, and condition 

index may lead to poor aquaculture potential and health of R. decussatus. In the twenty-first 

century, risk assessment is required for Mediterranean bivalve aquaculture. 

 References 
  

Almeida Â, Freitas R, Calisto V, Esteves V, Schneider R J, Soares AM , Figueira E , Campos B, Barata 

C (2018) Effects of carbamazepine and cetirizine under an ocean acidification scenario on the 

biochemical and transcriptome responses of the clam Ruditapes philippinarum. Environmental 

pollution, 235, pp.857-868. 

Beniash E , Lieb NI , Kurochkin I , Sokolova I (2010) Elevated level of carbon dioxide affects 

metabolism and shell formation in oysters Crassostrea virginica (Gmelin). Marine Ecology Progress 

Series, 419: 95–108. doi:10.3354/meps08841. 

Bressan M, Chinellato A , Munari M , Matozzo V, Manci A, Marceta T (2014) Does seawater 

acidification affect survival, growth and shell integrity in bivalve juveniles. Marine Environmental 

Research 99: 136-148. 

Caldeira K, Wickett ME (2003) Anthropogenic carbon and ocean pH. Nature.425: 365. doi: 

10.1038/425365a. 

Cao L, Caldeira K (2008) Atmospheric CO2 stabilization and ocean acidification.Geophysical Research 

Letters, 35(19). 

Carey N, Dupont S, Sigwart JD (2016) Sea hare Aplysia punctata (Mollusca: Gastropoda) can maintain 

shell calcification under extreme ocean acidification. The Biological Bulletin, 231(2), pp.142-151. 

Cerezo VJ, Martínez LFJ, García GB (2006) Oxygen consumption and ventilatory frequency responses 

to gradual hypoxia in common dentex (Dentex dentex): Basis for suitable oxygen level estimations. 

Aquaculture 256(1-4): 542–551. 

Author-formatted, not peer-reviewed document posted on 26/11/2021. DOI:  https://doi.org/10.3897/arphapreprints.e78512



 Coughlan J (1969) The estimation  of filtering rate from the clearing of suspension.Marine Biology. 

De Marchi L, Neto V, Pretti C, Figueira  E, Chiellini F, Morelli A, Soares AM, Freitas R (2017) The 

impacts of seawater acidification on Ruditapes philippinarum sensitivity to carbon nanoparticles. 

Environmental Science: Nano, 4(8), pp.1692-1704. 

De Marchi L, Rocha RJM, Rodrigues A, Soares AM, Pretti C, Chiellini F, Freitas R (2020) 

Environmental Fate of Multistressors on Carpet Shell Clam Ruditapes decussatus: Carbon 

Nanoparticles and Temperature Variation. Sustainability, 12(12), p.4939. 

Dickson AG (1990b) Thermodynamics of the dissociation of boric acid in synthetic seawater from 

273.15 to 298.15 K. Deep Sea Research Part A, Oceanographic Research Papers, 37(5): 755-766. 

  Dickson AG,  Millero FJ (1987) A comparison of the equilibrium constants for the dissociation of 

carbonic acid in seawater media. Deep Sea Research Part A, Oceanographic Research Papers, 

34(10): 1733-1743. 

Duarte C, Navarro JM, Acuna K, Torres R, Manriquez PH, Lardies MA, Vargas CA  (2014) Combined 

effects of temperature and ocean acidification on the juvenile individuals of the mussel Mytilius 

chilensis. Journal of Sea Research, 85: 308–314.DOI: 10.1016/j.seares.2013.06.002. 

Dupont S,  Portner H (2013) Get ready for ocean acidification. Nature, 498(7455), pp.429-429. 

El Khodary GM, Radwan EH, Elghazaly  MM, El Bahnasawy D (2018) Marine pollution by some 

heavy metals and physiological response of Ruditapes decussatus. Journal of Bioscience and 

Applied Research, 4(3), pp.199-215. 

Ellis RP, Davison W, Queirós AM, Kroeker KJ, Calosi P, Dupont S, Spicer JI, Wilson RW, Urbina 

M.A (2017) Does sex really matter? Explaining intraspecies variation in ocean acidification 

responses. Biology letters, 13(2), p.20160761. 

Gazeau F, Parker LM., Comeau S, Gattuso  JP, O’Connor WA, Martin S, Pörtner  HO, Ross PM  

(2013) Impacts of ocean acidification on marine shelled molluscs. Marine biology, 160(8), pp.2207-

2245. 

Gazeau F, Alliouane S, Bock CH, Bramanti L, López Correa  M, Gentile M, Hirse T  (2014) Impact of 

ocean acidification and warming on the Mediterranean mussel (Mytilus galloprovincialis). Frontiers in 

Marine Science, 62(1): 1-12. doi.org/10.3389/ fmars.2014.00062. 

Grasshoff K, Erhardt M, Kremling K (1983) Methods of Seawater  Analysis.Verlag Chemi, Weinheim, 

New York, 419. 

Hassellov IM, Turner DR, Lauer A, Corbett JJ (2013) Shipping contributes to ocean acidification. 

Geophysical Research Letters, 40(11), pp.2731-2736. 

Hester KC, Peltzer ET, Kirkwood WJ, Brewer PG (2008) Unanticipated consequences of ocean 

acidification: A noisier ocean at lower pH. Geophysical research letters, 35(19). 

Jebali J, Banni M, Almeida EAD, Boussetta H (2007) Oxidative DNA damage levels and catalase 

activity in the clam Ruditapes decussatus as pollution biomarkers of Tunisian marine environment. 

Environmental Monitoring and Assessment, 124(1), pp.195-200. 

Joint I, Doney SC Karl DM (2011) Will ocean acidification affect marine microbes. The ISME journal, 

5(1), pp.1-7. 

Maynou F, Costa S, Freitas R, Solé M (2021) Effects of triclosan exposure on the energy budget of 

Ruditapes philippinarum and R. decussatus under climate change scenarios. Science of The Total 

Environment, 777, p.146068. 

Mehrbach C, Culberson CH, Hawley JE, Pytkowicz RN (1973) Measurement of the apparent 

dissociation constants of carbonic acid in seawater at atmospheric pressure. Limnology and 

Oceanography 18: 897–907. 

Michaelidis B, Ouzounis C, Paleras A, Pörtner HO (2005) Effects of long- term moderate hypercapnia 

on acid – base balance and growth rate in marine mussels Mytilus galloprovincialis. Marine Ecology 

Progress Series, 293: 109– 118. Doi: 10.3354/ meps293109. 

Parker LM, Ross PM, Oconnor WA, Pörtner HO, Scanes E, Wright  JM (2013) Predicting the 

response of molluscs to the impact of ocean acidification. Biology, 2(2), pp.651-692. 

Pousse E, Poach ME, Redman DH, Sennefelder G, White LE, Lindsay JM, Munroe D, Hart D, 

Hennen D, Dixon MS, Li (2020) Energetic response of Atlantic surfclam Spisula solidissima to 

ocean acidification. Marine Pollution Bulletin, 161, p.111740. 

Author-formatted, not peer-reviewed document posted on 26/11/2021. DOI:  https://doi.org/10.3897/arphapreprints.e78512



Sanders M.B, Bean TP, Hutchinson TH, Le Quesne WJ (2013) Juvenile king scallop, Pecten maximus, is 

potentially tolerant to low levels of ocean acidification when food is unrestricted. PLoS One, 8(9), 

p.e74118. 

Shirayama Y, Thornton H (2005). Effect of increased atmospheric CO2 on shallow water marine 

benthos. Journal of Geophysical Research. 

Vargas CA, Aguilera VM, San Martín V, Manríquez PH, Navarro JM, Duarte C, Torres R, Lardies  

MA, Lagos NA (2015) CO 2-driven ocean acidification disrupts the filter feeding behavior in 

Chilean gastropod and bivalve species from different geographic localities. Estuaries and coasts, 

38(4), pp.1163-1177. 

Walne PR (1976) Experiments on the culture in the sea of the butterfish Venerupis decussata L. 

Aquaculture 8: 371–381. 

Wang Y, Li L, Hu M,  Lu W (2015). Physiological energetic of the thick shell mussel Mytilus coruscus 

exposed to seawater acidification and thermal stress. Science of the Total Environment. 

 

 

  

 

Author-formatted, not peer-reviewed document posted on 26/11/2021. DOI:  https://doi.org/10.3897/arphapreprints.e78512


	Introduction
	Material and methods
	Results
	Acidification's effect on shell length


