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Global change involves simultaneous alterations in
a range of environmental factors (e.g. temperature,
solar radiation, nutrients and CO2). Increasingly,
experimental evidence reveals complex responses of
aquatic plant communities to global change, with
either synergistic, antagonistic or independent ef -
fects that cannot be predicted from the additive
responses to each variable alone. The 9th Interna-
tional Workshop of the Group for Aquatic Primary
Productivity (GAP9) held at Malaga (Spain; 17–25
September 2012) used a variety of manipulative
experiments to improve our understanding of the
effects of acidification, changes in UV radiation and
nutrient supply on coastal algal communities and iso-
lated strains in mass culture. Most experiments were
conducted with species and communities sampled in
the northern Alboran Sea, the westernmost basin of
the Mediterranean Sea (Fig. 1). This small basin fea-
tures a complex hydrology strongly influenced by the
Atlantic water jet that penetrates the Strait of Gibral-
tar and shapes east–west permanent gradients in
temperature, salinity and nutrients. Furthermore, the
coast is densely populated by humans and receives

extensive amounts of domestic waste and urban
drainage that constitute significant nutrient inputs.
Both high biodiversity and strong anthropogenic
pressures (Coll et al. 2010) make the Alboran Sea an
ideal system to test the resilience of marine eco -
systems to global change.

GAP is a working group of the International Soci-
ety for Limnology (SIL) and the International Associ-
ation for Ecology (INTECOL). GAP organizes a series
of unique experimental workshops designed to foster
collaboration between scientists with differing ex -
pertise and, especially, to involve graduate students
at an early stage in their career. Participants work in
groups on a variety of issues under a broad theme,
and in disparate environments. They get the oppor-
tunity to use state-of-the-art equipment and tech-
niques that are brought to the workshops and made
available for all to experience. GAP9 attracted 85
 scientists and students. There were 4 workgroups,
which focused on coastal phytoplankton (WG1),
microalgal mass culture (WG2), experimental studies
on macroalgae (WG3) and field measurements on
macrophytes (WG4).
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ABSTRACT: Earth is currently experiencing rapid changes in climate, associated with anthro-
pogenic activities, which have the potential to have significant effects on aquatic ecosystems. The
9th International Workshop of the Group for Aquatic Primary Productivity (GAP9) assessed the
effects of environmental factors on physiological performance and primary productivity of micro-
and macroalgae. This Introduction summarizes the activities and main findings of the 4 workgroups
of GAP9 as published in this Theme Section of Aquatic Biology.
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WG1 focused on the interactive effects of altered
nutrient supply, increased CO2 levels and irradiance
on coastal phytoplankton physiology, production,
com position, size structure, biodiversity and interac-
tions with the microbial community. Phytoplankton
responses to each of these global change factors are
discussed in the review by Beardall et al. (2014, this
and all following studies are part of this Theme Sec-

tion). The results of a microcosm experiment (Fig. 2a)
showing strong effects of nutrient enrichment and
interactions between CO2 and irra diance effects are
documented in the 4 companion papers by Neale et
al. (2014), Mercado et al. (2014), Reul et al. (2014) and
Sobrino et al. (2014).

WG2 investigated the effects of reduction in nutri-
ent supply on the photosynthetic performance and
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Fig. 1. Sea surface temperature (SST) of the Alboran Sea. Data are based on averaged daily images captured by the satellite
MODIS-Aqua from 2002 to 2012 (http://oceancolor.gsfc.nasa.gov/). The location of the sampling and experimention sites 

of the 4 workgroups (WG) of the GAP9 Workshop are shown

Fig. 2. Experimental set-up used in the different workgroups (WG). (a) Tanks in which 20 l microcosms were incubated for the
experiments conducted by WG1. (b) Thin-layer cascade pond used by WG2. (c) Detail of one of the outdoor mesocosms used 

by WG3. (d) Detail of the in situ incubator system used by WG4
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biochemical composition of the microalga Chlorella
fusca. Ihnken et al (2014) investigated the interrela-
tionship between pH and photosynthetic perform-
ance in C. fusca, and Jerez et al (2014) describe the
photosynthetic performance of this species in differ-
ent parts of the thin-layer cascade (Fig. 2b). A practi-
cal guide was worked out on how fluorescence can
be used in monitoring photosynthetic activity of mass
cultures (Malapascua et al. 2014). Malpartida et al.
(2014) report on the synergies between UV radiation
and nutrient limitation in photobioreactors.

WG3 investigated the interactive effects of solar
UVR and temperature on 3 species of macroalgae
(Cystoseira tamariscifolia, Ulva rigida and Ellisolan-
dia elongata) with different bio-optical characteristics
grown under modified CO2 and nutrient regimes,
using a complex outdoor mesocosm set-up (Fig. 2c).
The experimental conditions simulated climate change
scenarios ex pected at the end of this century. The
effects of nutrients, pH, temperature and irradiance
on the diurnal and daily responses of in vivo chloro-
phyll a fluorescence in the 3 algae are presented in
Stengel et al. (2014). Figueroa et al. (2014b) reports
continuously measured fluorescence yields in U.
rigida during both light and dark periods. The effects
of C and N regimes on biochemical composition
 (pigments, proteins, lipids and photoprotectors) are
analyzed in Figueroa et al. (2014a). Finally, Parages
et al. (2014) describe environment-induced changes
in the phosphorylation of MAPK-like proteins in the
3 algal  species.

WG4 conducted field studies in the Natural Park of
Cape of Gata (Fig. 1) with key macroalgae as model
species. A novel in situ incubator system (Fig. 2d)
to study the impact of increased CO2 on macroalgae
was tested. Celis-Plá et al. (2014) report the short-
term ecophysiological and biochemical responses of
C. tamariscifolia and E. elongata to changes in solar
irradiance and nutrient levels. Korbee et al. (2014)
describe the results of short-term high CO2 ex -
periments with one non-calcifying (C. tamariscifolia)
and 2 calcifying (E. elongata and Padina pavonica)
macroalgae. The physiological responses of these
species to elevated pCO2 were different, possibly
due to anatomical and physiological features, sug-
gesting that ocean acidification could induce a shift
in the relative dominance of a species. Similarly, Hof-
mann & Bischof (2014), in their review on calcifica-
tion in macroalgae, conclude that ocean acidification
could decrease the competitive performance of the
coralline algae that deposit high-Mg calcite. In con-
trast, some dolomite depositing species may be able
to acclimate to high pCO2.

The experiments conducted during the GAP9 work -
shop, with both microalgae and macroalgae, have
shown interactive effects of CO2 and temperature on
photosynthesis and biochemical composition, modu-
lated by nutrient availability. Furthermore, a high
capacity of macroalgae for acclimation to environ-
mental stress factors was observed in field studies.
Further investigations on the impact of climate
change, using both experimental physiology and
ecology, are necessary to provide more accurate pre-
dictions of the effects of climate change on algae in
the natural environment or in aquaculture systems.
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