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Introduction

Ocean acidification (OA), a major threat to
marine life, is caused by anthropogenic carbon
dioxide emissions (Feely et al. 2009). Under
two realistic scenarios (RCPs 6.0 or 8.5) atmo-
spheric partial pressure of CO, (Pco,) is pro-
jected to increase to 670 or 936 ppm, respec-
tively, until 2100 (Figure 1, adopted from
Meinshausen et al. 2011). It is hypothesized
that marine metazoans with reduced calcified
structures, higher metabolic rates and capacity
to adjust body fluid pH (crustaceans and fish)
cope with increases in sea water Pco, and asso-
ciated pH decreases better than more inactive,
sessile groups with heavier skeletons and a
lower capacity to regulate pH (corals, echino-
derms and molluscs; Portner et al. 2005).
Knowing the sensitivity of these major marine
animal groups to OA is crucial for the assess-
ment of future effects of climate change on
oceanh ecosystems as well as on human econo-
mies depending on them.
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Figure 1

Aims
1 To assess the vulnerability of corals, echino-

derms, molluscs, crustaceans and fish to future
levels of ocean Pco..

1 To analyse existing literature on responses of
physiological rates and integrity to increased
PCOz.

1 To display the diversity of responses within
one taxon and compare sensitivity between

Methods

We identified and analysed 167 publications
on 153 species of corals (Anthozoa), echino-
derms (Asteroidea, Echinoidea, Holothuroidea,
Ophiuroidea), molluscs (Bivalvia, Cepha-
lopoda, Gastropoda), crustaceans
(Malacostraca, @ Maxillopoda) and  fish
(Actinopterygii). These studies reported on ef-
fects of elevated Pco, categories in the range of
500 to > 10,000 patm compared to control
values (ca. 380 patm) on physiological rates or
integrity (i.e. standard metabolic rate, aerobic
scope, growth, behavioural integrity, morphol-
ogy, calcification, acid-base balance, immune
response, fertilization, sperm motility, devel-
opmental time and gene expression).

For each species and life stage it was noted
whether the response differed significantly
from the control treatment in a positive or
negative way or not at all. In the case that mul-
tiple parameters were recorded in a life stage,
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the most comprehensive parameter was used.
Missing data in the Pco, categories were ex-
trapolated using logical assumptions, where
possible: (1) Species, which display negative ef-
fects at low Pco, treatments, exhibit negative
effects at the higher Pco, treatment(s) as well.
(2) If a species displays a positive/negative/no
effect at a low and a high Pco, treatment, it dis-
plays the same effect at a medium Pco, treat-
ment.

Sensitivity of taxa to RCP scenarios, was rated
low, medium or high if <30%, 31-70%, or 71-
100% of the species were negatively affected,
respectively. The amount of evidence was
rated limited, medium or robust, if < 16, 16-20
or > 20 species were studied, respectively. The
level of variability was rated high, medium or
low, if the measure H was < 0.50, 0.51-0.80 or
0.81-1.00, respectively.
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