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The paper by Kim et al. investigated the impact of simulated upwelling conditions on
the mortality and growth of juvenile red abalone. This is an very important topic in the
context of climate change in coastal areas. Upwelling conditions with low pH and oxy-
gen concentrations will increase in frequency and time at the western California coast
in the near future. The authors mimicked upwelling conditions in the laboratory for 6
hours (short-term) and 24 hours (long-term), for a comparison to present upwelling
conditions and exposures as expected in the near future. Mortality and growth rates
were determined during recovery in the following days. This is one of the first studies
investigating the effects of upwelling conditions i.e. the combination of reduced pH and
low oxygen on a commercially important intertidal snail. Short-term effects had almost
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no effect on abalone indicating its capability to cope with these conditions already. The
authors explained this with an adaptation of the animals to present upwelling condi-
tions. In contrast, so-called long-term upwelling conditions drastically decreased sur-
vival and growth. The authors suggested that low oxygen content is the main stressor
for juvenile red abalone, because of its biggest impact on mortality. Interestingly, indi-
vidual variability was highest under low pH and low oxygen conditions, indicating that
some animals have already the capability to withstand even longer impacts for some
reason. The paper is well written and gives an adequate introduction into the topic.
However, for a better understanding of the experiment, some parts of the material and
methods section should be improved, e.g. a scheme of the experimental set-up would
be helpful in addition to the figure of the experimental treatment.

Specific comments: An additional comment on the water-mixing properties of the set-
up and the sea water chemistry within the jars would be helpful. The terms short- and
long-term exposure may be misleading. So far as I understood, are upwelling condi-
tions for 6 hours typical for this region? Isn’t it therefore better to call the exposure
times as “typical or normal” in comparison to “extended” exposures, for instance? It is
not clear, how animals, which died during the experiment, contributed to the analysis
of growth rates. If possible the authors should separate the data between survivors
and non-survivors. The authors presented growth and mortality rates only, which leads
to a discussion with a lot of open questions. If the authors can provide additional pa-
rameters like sex, condition factor and other appropriate indices, it might be possible to
get evidence, why some animals survived the experiments and some not. The authors
should give some possible explanations together with a deeper discussion on the po-
tentially involved physiological mechanisms behind the observed individual differences.
For instance, literature on physiological responses of intertidal snails under hypoxia or
hypercapnia is missing completely.
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