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Some biological models

Mytilus chilensis
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Contrasting responses of different populations
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Abstract idification (OA) has

significantly the net calcification process and growth rate of
‘many marine calcifying organisms. Recent studies have
shown that the responses of these organisms to OA can vary
significantly among species. However, much less is known
conceming the intraspecific variabiliy in response to OA. In
this study, we compared simultaneously the responses of two
populations of the cdible musscl Myiilus chilensis (Hupe)
exposed o OA. Three nominal CO, concentrations (380,
700, and 1,000 patm of CO,) were used. Negative cffects of
€O, increase on et calcification rate were only found in
individuals from Huclmo Bay. However, no cffects were
found in individuals from Yaldad Bay. Moreover, OA had
not significant effects on the shell dissolution rate in individ-
T

of the OA on the net calcification rate of this species is

Commuricsod by Albera Vieim Borges

plai d , but not by the shell dissolution
processes. We do not know the specific underlying mecha-

are discussed. These results highlight that the responscs of
i ighly variable even withi

same specics. Therefore, more studics across the distribution
range of the species, considering environmental variabilty,

better £
OA on marine organisms. Finally, because mussels exert
influence on their physical and biological surroundings, the
negative effects of a CO, increase could have significant
colbogical consequences.

Keywords Ocean acidification - Mussel - Calcification
Growth rate.
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Mytilus chilensis
Chile, Los Lagos, Chiloé Island, Quellon
NMR 17162. Actual size 55 mm

Contrasting responses of different populations
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= |ndividuals from two different populations
respond differently to changes in pH and/or
pCO,, which can be associated with different life
histories of exposure to low pH.

Estuaries & Coasts, Duarte et al. 2014
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Contrasting responses of different populations
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Effects on larval development and early post-hatching traits
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Effects of ocean acidification on larval
development and early post-hatching traits in
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Measurements associated to behaviour
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Ocean Acidification Disrupts Prey Responses to Predator
Cues but Not Net Prey Shell Growth in Concholepas

Vol. 502: 157-167, 2014 MARINE ECOLOGY PROGRESS SERIES

dot. 10.3354/meps10703 ‘Mar Ecol Prog Ser Published April 15

concholepas (loco)
- T , - N Ocean acidification affects predator

Patricio H. Manriquez'*, Maria Elisa Jara', Maria Loreto Mardones’, Jorge M. Navarro', Rodrigo Torres?, . . . .

Marcos A. Lardies’, Cristian A. Vargas®, Cristian Duarte®, Stephen Widdicombe®, Joseph Salisbury’, avoidance behaviour but not prey detection in

Nelson A. Lagos® the early ontogeny of a keystone species

Patricio H. Manriquez'*, Maria Elisa Jara', Maria Loreto Mardones',
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Figure 2. Photographic sequence (A-H) illustrating self righting behavior in the gastropod Concholepas concholepas.
d0r10.1371journal pone 00686439002
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Figure 4. Effect of different pCO, (uatm) levels on metabolism
of Concholepas concholepas. Mean (= SE) metabolic rate after 100
days of exposure to differing levels of pCO,. The individuals (n=10)
were reared in the three contrasting pCO; levels and then assigned
sequentially to each one of the experimental condition with and
without predation risk. Self-righting values that do not differ at 0.05
level in Tukey tests, following a General Lineal Model, are indicated by a
line above the bars. See details in the result sections. — .
oi:10.1371/journal.pone 00686439004 Patricio Manriquez©
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Some biological models
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Experiments with organisms form high
pCO, environments
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Estuaries and Coasts (2013) 36:1084-1092
DO 10.1007/512237-013-96152

NOTE

Low-pH Freshwater Discharges Drive Spatial and Temporal
Variations in Life History Traits of Neritic

Copepod Acartia tonsa

Victor M. Aguilera - Cristian A. Vargas

Patricio H. Manriquez - Jorge M. Navarro -
Cristian Duarte

Local populations of
estuarine environments (low
pH), respond better when
exposed to high levels of
€O, (1200 patm CO,).

MARINE ECOLOGY, Aguilera et al. 2016

07-09-16



07-09-16

musels

CENTER FOR THE STUDY OF MULTIPLE DRIVERS
ON MARINE SOCIO-ECOLOGICAL SYSTEMS

Dr. Cristian Vargas G.

Director

Departamento de Sistemas Acudticos,
Facultad de Ciencias Ambientales
Universidad de Concepcion.

Dr. Stefan Gelcich C.
Investigador Asociado
Departamento de Ecologfa,

P. Universidad Cat6lica de Chile.

Dr. Marco Lardies C.

Investigador Asociado

Facultad de Artes Liberales,
rersidad Adolfo Ibafiez

Dr. Felipe Vdsquez L.
Investigador Asociado
Facultad de Economfa y Negocios,
Universidad del Desarrollo.

Dr. Benjamin Halpern
Asesor Internacional
Center for Ocean Solutions,
University of California
Santa Barbara CA, USA.

Multiple-stressors: tempe

Original Article

Temperature does not
have a negative effect on
calcification rates or
growth, but individuals
are not able to overcome
the negative effects of
increased CO, and low
pH
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Contribution to Special Issue: ‘Towards a Broader Perspective on Ocean Acidification Research’

Ocean warming and elevated carbon dioxide: multiple stressor
impacts on juvenile mussels from southern Chile
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Multiple-stressors: food vs. ocean acidification

EEIobal Change Biology

Global Change Biology (2016) 22, 2025-2037, doi: 10.1111/gcb.13179

Biomineralization changes with food supply confer
juvenile scallops (Argopecten purpuratus) resistance to
ocean acidification .
LAURA RAMAJO'-?, NURIA MARBA', LUIS PRADO?, SOPHIE PERON?, MARCO A.

A.LAGOS?® and CARLOS M. DUARTE®
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LARDIES*5, ALEJANDRO B. RODRIGUEZ-NAVARRO®, CRISTIAN A. VARGAS®7, NELSON effeCtS on the phySiOlOgical

pH and food levels had additive

response of the juvenile
scallops.

Metabolic rates, shell growth,
net calcification, and ingestion
rates increased significantly at
low pH conditions,
independent of food.

These physiological responses
increased significantly in
organisms exposed to
intermediate and high levels of
food supply.

Multiple-stressors: food vs. ocean acidification

Vol. 8: 357-370, 2016
dok: 10.3354/aci00183

AQUACULTURE ENVIRONMENT INTERACTIONS

‘Aquacult Environ Interact Published May 25

B
Effects of temperature and ocean acidificationon
shell characteristics of Argopecten purpuratus:
implications for scallop aquaculture in an
upwelling-influenced area

Nelson A. Lagos'*, Samanta Benitez!, Cristian Duarte?, Marco A. Lardies®, Bernardo R.
Broitman®, Christian Tapia®, Pamela Tapia®, Steve Widdicombe®, Cristian A. Vargas’
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The net calcification rate over
the study period was not
affected by low pH, but
temperature had a significant
positive effect.
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Environmental-variability’ and common-garden
experiments in Chile
= Between 2009 and 2014 different ‘common-
garden’ experiments were carried out for
studying the phenotypic plasticity of
different local populations along Chilean
coast, in order to characterize the reaction
norms, and therefore understand the

- ~
- ~

o’ Control 910 - 1250 patm . N

Air + CO,

= |mportant for validate OA experiments with
species from coastal environments, such as
coral reefs, rocky shores, upwelling zones,
estuaries or fjords, salt marshes, etc, where
pCO, levels vary dramatically over different
temporal/spatial scales.

= However, studies on the effects of OA using
scenarios give us insights about the role of
pH/pCO, levels as a selective agent.

time = Plastic responses help us to better
understand the adaptive shifts that have
evolved in marine species to deal with
natural pH/pCO, variability, but do not
assess the real effects of OA.

E

= As a consequence, meta-analyses should
take the natural variability into account
rather than consider absolute pH/pCO,.

pH

07-09-16



exposition to high-pCO, levels

in the responses of different taxa collected in
environments with naturally contrasting pCO, levels upon laboratory

Environment

Coastal ocean

Mean * SD
environmental
pCO, levels

(natm)

405.9 +95.4

Control Experimental Response
pCO, levels  pCO, levels effect
(natm) (natm)

1255

398 - 405 Ingestion

Estuarine 618.0 £229.4 398 - 405 1255 Ingestion +5% 1
Coastal ocean 465.1+121.2 380 1500 Respiration +213% 2
Estuarine 618.0£229.4 380 1500 Respiration +147% 2
Estuarine 618.0£229.4 365-398 979 -1077 Larval survival -60% 3
. 365-398 979 -1077 Larval survival -17 3
@ Coastal ocean 465.1£121.2 376-410 980 -1100 Ingestion -47% 4
Estuarine 618.0£229.4 376-410 980 -1100 Ingestion -33% 4
376 -410 980 -1100 Ingestion -17% 4
Estuarine 618.0 £229.4 347 -377 910 - 960 Ingestion -60% 4
347-377 910 - 960 Ingestion -13% 4
Tidal inlet 438+170.8 388 979 Calcification -37% 5
Growth -35%
Freshwater- 564.0 £284.3 380 979 Calcification -4% 5
influenced tidal inlet Growth -13%
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ability to low-pH river in Acartia
tonsa and stress responses to high CO; conditions
Victor M. Aguilera'?, Cristian A. Vargas™*, Marco A. Lardies** & Maria J. Poupin®
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Differential response to ocean acidification in physiological traits of W
Concholepas concholepas populations
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