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Adaptation to ocean acidification alters species resilience to changing CO2 environments: 
life-history consequences of adaptation to elevated CO2 in the marine polychaete 

Ophryotrocha labronica 
 

Cameron Hird 

 

Introduction 

‘The increased release of anthropogenic carbon dioxide (CO2) in to the atmosphere 
currently poses a major threat to marine ecosystems. Oceanic absorption of CO2 has resulted in a 
reduction of the pH of ocean surface waters, a process termed ocean acidification (OA) (Caldeira 
and Wickett, 2003). For over 25 million years there has been little variation (~ 0.3 units) in global 
ocean pH (Caldeira and Wickett, 2003; 2005), therefore substantial pH change predictions of a 
drop by pH 0.3 – 0.5 units by the year 2100 (Orr et al., 2005) are a key cause for concern in 
marine environments.’ 

‘Ophryotrocha labronica La Greca and Bacci (1962) (Polychaeta: Dorvilleidae) is a small 
(max length = 4 mm) opportunistic interstitial benthic polychaete that is widely distributed along 
Mediterranean coasts, particularly in harbour fouling communities (Paxton and Akesson, 2007; 
Massamba-N’Siala et al., 2011). O. labronica is a gonochoristic species representing slight sexual 
dimorphism and a female-biased sex ratio of 2:1 (Prevedelli and Simonini, 2002; Massamba-
N’Siala et al., 2012). O. labronica is considered as an ideal study species to test for the effects of 
pollutants on life history traits as a result of having a short life-cycle; large reproductive capacity 
and few laboratory requirements (Akesson, 1970).’ 

‘In the case of this study, a lab strain of O. labronica was utilised, where individuals were 
adapted to high [CO2] / low pH conditions (pH 7.68 ± 0.22) and had been maintained at these 
conditions for over 30 generations. The current study aims to assess whether adaptation to 



elevated CO2 conditions has an effect on life history traits when exposed to further altered CO2 
conditions. This will be achieved by exposing a high CO2 adapted strain and a non-adapted wild 
strain of the marine polychaete Ophryotrocha labronica to a range of CO2 concentrations (400, 
1,000, 3,000 and 10,000 ppm) and measuring the differences between the strains over a range of 
life-history responses: fecundity, survival and population growth rate.’ 

 

Results 

Figure 2 Mean (± S.E.) fecundity (number of eggs laid per chaetiger) in wild and high [CO2] adapted strains 
of Ophryotrocha labronica La Greca and Bacci (1962) under differing CO2 concentrations (400, 1,000, 3,000 
and 10,000 ppm). For 400 and 1,000 ppm, n = 36, for 3,000 and 10,000 ppm, n = 18. Different letters 
represent significant differences between treatments (p < 0.001; Tukey’s post-hoc pairwise comparison). 

Figure 4 Mean (± S.E.) juvenile survival (% at 12 days post-hatch) in wild and high [CO2] adapted strains of 
Ophryotrocha labronica La Greca and Bacci (1962) under differing CO2 concentrations (400, 1,000, 3,000 
and 10,000 ppm). For 400 and 1,000 ppm, n = 36, for 3,000 and 10,000 ppm, n = 18. Different letters 

represent significant differences between treatments (p < 0.001; Tukey’s post-hoc pairwise comparison). 

Figure 11 Mean population growth rate coefficient values (calculated using: total fecundity x juvenile survival x adult survival) in wild 
and high [CO2] adapted strains of Ophryotrocha labronica La Greca and Bacci (1962) under differing CO2 concentrations (400, 1,000, 
3,000 and 10,000 ppm). Dashed lines represent 95 % confidence intervals of the mean. For 400 and 1,000 ppm, n = 36, for 3,000 
and 10,000 ppm, n = 18. Areas where no overlap occurs between strains can be considered significantly different to one another. 



Discussion 

 ‘These results demonstrate that in the 
marine polychaete O. labronica, adaptation to 
elevated CO2 conditions alters the susceptibility 
of life-history traits to further changes in [CO2]. 
Here, it is apparent that adaptation conveys 
both benefits and constraints due to increases 
and decreases of life-history trait performance 
in the adapted strain compared to the wild 
strain. Furthermore, it is clear that a complex 
response to CO2 stress occurs between the 
strains as a result of significant shifts in relative 
fitness curves across all traits measured, with 
potential consequences on both individual and 
population level scales.’ 

‘The observed reduction in female 
fecundity with an increase in [CO2] shown here 
is a phenomenon for which a possible 
explanation could be as a result of a change in 
energy resource allocation away from 
reproduction and towards growth and 
maintenance (Sibly and Calow, 1986). This 
theory supports that of life history theory 
whereby energetic investment may focus 
primarily on growth as preparation for future 
reproductive events (Reznick, 1983). 
Interestingly, in O. labronica, no difference in 
fecundity is observed between 3,000 and 
10,000 ppm treatments, indicating a potential 
maintenance of energetic investment in 
reproductive maintenance under extreme stress 
levels.’ 

‘A significant effect of [CO2] treatment 
was observed on survival rate / mortality in O. 
labronica in the current study. In contrast, 
previous studies on the polychaetes Hediste 
diversicolor (Basallote et al., 2012) and Nereis 
virens (Widdicombe and Needham, 2007) 
observed no effect of CO2 on survival rates. As 
a result, it would appear that survival rates in 
response to CO2 stress may be a highly 
species-specific response. A possible 
explanation for the reduced survival of O. 
labronica under increased CO2 could be due to 
differences in male / female survivorship (Kita et 
al., 2013).’ 
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