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Box X1. 

Examples for research programs and regions where long-term marine community datasets or analysis 
exist

The British Isles. The MarClim project, run by the Marine Biological Association of the UK, is the most 
spatio-temporally extensive time-series for rocky intertidal species globally 
(http://www.marclim.co.uk/). Data extend back to the 1950s for native invertebrates and macroalgae 
of warm-water, cold-water and invasive species from different evolutionary origins that co-occur at over 
100 long-term survey sites across a major biogeographic breakpoint between boreal and Lusitanian 
marine provinces around the UK. The MarClim time-series covers the climatic oscillations that have 
occurred through the twentieth century, including the warmer period in the 1950s, the cooler decades 
of the 1960s and 1970s, followed by the onset of global climate change in the 1980s and subsequent 
slowdown of warming during the 2010s. MarClim has shown some of the fastest shifts in species 
distribution in any natural system in response to climate change (2007; Mieszkowska et al. 2006). Species 
from many different taxa have undergone extensions of the leading range edge or retractions in the 
trailing range edge to higher latitudes since the 1980s, but the rates are species specific, resulting in 
alterations to community structure and function (Mieszkowska et al. 2014; Mieszkowska and Sugden 
2016). 

The US west-coast. The Partnership for Interdisciplinary Study of Coastal Oceans (PISCO) project is a long-
term monitoring and research program run by Oregon State University, University of California, Santa 
Cruz and University of California, Santa Barbara that started in the early 2000s. PISCO was designed to 
understand and answer critical environmental questions, and inform management and policy for the 
California Current Large Marine Ecosystem along the west coast of the US 
(http://www.piscoweb.org/what). PISCO monitors the distribution, abundance and interactions among 
species as well as physical influences throughout the nearshore environment in response to climate 
change, ocean acidification and changes in hydrography (e.g., Hofmann et al. 2013; Lord et al. 2017; 
Menge et al. 2008). There are also related programs aimed specifically at monitoring climate change 
impacts such as the Ocean Margin Ecosystems Group for Acidification Studies (OMEGAS) (Hofmann et 
al. 2014) and MARINE (www.marine.gov). 

Australia. Monitoring programs around the coastlines of Australia have detected impacts of ocean 
warming on temperate and tropical species. Climate-driven intensification of the East Australian Current 
is driving a regional decline in kelp beds along the southern mainland coast and the east coast of 
Tasmania, as well as changes in the distribution of nearshore fishes and range expansions of warmer-
water species (Hewitt et al. 2016; Johnson et al. 2011; Wernberg et al. 2011). In Western Australia, the 
collapse of kelp beds and their associated communities was also reported at the northern edge of their 
distribution due to a short, acute, increase in temperatures (i.e. a heat wave, Smale and Wernberg 2013; 
Wernberg et al. 2016; Wernberg et al. 2013). Coral reef systems along the eastern coastline have been 
subject to increasing frequencies of coral bleaching and loss of live coral due to warming marine 
temperatures exceeding the thermal tolerances of reef building species regularly over the past few 

http://www.piscoweb.org/about-pisco/campuses/
http://www.piscoweb.org/about-pisco/campuses/
http://www.piscoweb.org/about-pisco/campuses/
http://www.piscoweb.org/about-pisco/campuses


decades (Hoegh-Guldberg 1999) with resultant declines in coral species and associated diversity within 
coral reef ecosystems (Hoegh-Guldberg et al. 2007; Hughes et al. 2017b). 

The Mediterranean Sea. Published studies of long-term ecological time series of marine ecosystems that 
could clearly demonstrate shifts in species distributions and the biological and socio-economic 
implications are rare in the Mediterranean Sea (Sará et al. 2014). Recent reviews using evidence from 
local studies, surveys and anecdotal data nevertheless demonstrated a considerable footprint of climate 
change in this fast warming sea, mostly in the northwestern Mediterranean (Lejeusne et al. 2010; Marbà 
et al. 2015; Rivetti et al. 2014). Among the most pronounced impacts were mass mortality events of 
many sessile macro-invertebrate reef species that were related to several heat waves since the 1980s 
that caused anomalous warming where Sea Surface Temperatures (SSTs) were the highest ever recorded 
in the region, between 1-30C above the climatic baseline (Garrabou et al. 2009). These reviews highlight 
the lack of biological data that may demonstrate the impact of climate change in the Levantine basin, a 
region where the most intense warming has occurred in the Mediterranean. Thermophilic species are 
extending their biogeographic ranges across the eastern Mediterranean from the northwestern 
Mediterranean and the Adriatic (Francour et al. 1994), however, the spread of species to higher, cooler 
latitudes is constrained by the European land mass resulting in cull-de-sac “traps” for cold water species 
that can go locally or globally (if endemic) extinct under future warming (Ben Rais Lasram et al. 2010). A 
recent study demonstrated the total collapse of sea urchins on the southeastern coast that was at least 
partly driven by recent severe warming (Yeruham et al. 2015), which may have also contributed to the 
collapse of dozens of other reef invertebrate species on this coastline (Rilov 2016). Simultaneously, non-
indigenous species (NIS) are spreading across the Mediterranean and can further expend their 
distribution due to climate change (Hiddink et al. 2012; Raitsos et al. 2010; Rilov and Galil 2009). Clearly, 
the Mediterranean region poses a great challenge for monitoring ecological change at a basin scale 
because this requires high level coordination among multiple states, many of which (mostly in the south 
and east of the basin) have geopolitical conflicts among them that hamper such coordination. 

From the many disparate monitoring studies, research studies and meta-analyses across the world, it is 
clear that climate change is causing changes in the biogeographic distributions of marine species. To 
improve our ability to detect, track and determine the biological responses of marine fauna and flora to 
climate change across a range of spatial and temporal scales, a more well-integrated, transnational 
methodological approach and greater data availability are required. The European Union Marine 
Strategy Framework Directive is one such initiative aimed at standardizing the assessment of marine 
systems via the repeated assessment of Good Environmental Status to, ‘provide ecologically diverse and 
dynamic oceans and seas which are clean, healthy and productive (European-Union 2008). The OSPAR 
Commission is a mechanism by which 15 Governments and the EU cooperate to protect the marine 
environment of the North-East Atlantic (https://www.ospar.org/). Regional and global data repositories 
such as OBIS host datasets online (http://www.iobis.org/), however, there is still a long way to go before 
global monitoring and data sharing is standardized and openly available. Unfortunately, funding for 
country/state, regional and global efforts of long-term monitoring and ecological studies, for example 
like the LTER or LTEES programs, is still a huge obstacle, although such programs have been shown to 
contribute disproportionally to ecology and policy (Hughes et al. 2017a).
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Box 2. Mesocosms: Windows into the Future?

Predicting the consequences of global climate change on intact ecological communities is a complex 
challenge. Difficulties arise when attempting to distinguish climate-driven signals from natural 
variability, especially when these combine with other environmental stressors such as eutrophication 
and pollution (Gattuso et al. 2015). Species vary in their vulnerability to these changes, which can lead 
to counterintuitive results at community levels (Crain et al. 2008). Despite these difficulties, major efforts 
are being made to forecasting the ecological effects of global change. Mesocosms - enclosed 
experimental units of one to thousands of liters that simulate natural environmental conditions (Odum 
1984) - are becoming increasingly popular as a means of bridging the gap between smaller-scale, more 
controllable but less realistic microcosm experiments, and large-scale, more complex, natural systems, 
in which mechanistic relationships often cannot be identified (Stewart et al. 2013).

Mesocosms have been used in several ways. Enclosures of pelagic waters, in the laboratory (e.g., 
Sommer et al. 2007) or in-situ (e.g., Riebesell et al. 2013), have been used to test the effects of warming
on planktonic communities. Benthic mesocosms have been recently used to test the effect of warming, 
acidification, eutrophication and hypoxia on shallow coastal ecosystems while allowing for natural 
fluctuations, thus increasing realism (Wahl et al. 2015). 

Considerable debate and discussion continues over the use of mesocosms. The generality and 
applicability of mesocosm experimental results have been criticized as being unrealistic simplifications 
with limited relevance to natural ecosystems (Carpenter 1996). Mesocosm dimensions (volume), shape, 
settings, experimental duration, replication level and other design characteristics serve as confounding 
factors that may strongly influence the measured experimental effect (Spivak et al. 2011). Nevertheless, 
their use has offered some unexpected “surprises” (Fordham 2015) as to how environmental change 
affects ecological communities that may not have been predictable when building up from small-scale 
experiments. For example, using mesocosms, Trussell et al. (2006) showed that non-consumptive 
effects, the “fear of being eaten” by predators, had impacts on prey physiology and growth comparable 
to large changes in temperature. 

Guy-Haim et al. (2017) offer a quantitative analysis of how ecological and methodological characteristics 
may influence the effect sizes measured in climate change studies using aquatic mesocosms, both in 
magnitude and direction. This analysis allows for better interpretation of the experimental results, and 
will provide guidelines for their implementation.

The benthic mesocosm (benthocosm) system of IOLR, in Haifa, Israel. A modification of the KOB, Kiel, Germany, 
system. A flowthrough system with the ability for delta treatments (realtime change in values relative to a measured 
ambient value) of temperatre and pH.



Box 3. Invasive species and marine conservation: inevitable hazards or possible mitigators of climate change
impacts

Invasive (non-native) species are a special case of ecological impact that can be mediated by climate change. 
Invasive species can severely impact marine biodiversity, ecosystem processes, human health and ecosystem 
services, thereby challenging conservation efforts (Katsanevakis et al. 2014; Molnar et al. 2008). However, 
biological invasions are being mostly disregarded in marine conservation plans. A recent global review by 
Giakoumi et al. (2016) found that in only three cases, among 119 published marine conservation plans, alien 
species were accounted for: in two plans (Klein et al. 2013; Tallis et al. 2008), areas impacted by alien species were 
avoided, and in one plan (Giakoumi et al. 2011), conservation targets were set for both alien and native 
biodiversity. This is in fact the case not only in the marine realm but also in terrestrial and aquatic systems (Mačić 
et al. 2018). Explicit consideration of biological invasions in systematic conservation planning and the applied 
approach (avoid, protect or ignore alien species) can significantly affect spatial conservation priorities (Giakoumi 
et al. 2016). But for such a consideration, a good understanding of the role of alien species in ecosystem 
functioning and in the provision of ecosystem services is needed to guide strategies for their management. This 
is a tough challenge in and of itself, and is even tougher in a global change context, when local and regional 
environmental conditions are shifting due to climate change.

Most scientists and policy makers regard alien species as inherently bad (Goodenough 2010), and therefore call 
for their eradication or control. However, the positive effects of invasive species are receiving increasing attention 
(Katsanevakis et al. 2014; Schlaepfer et al. 2011). Especially in the context of climate change, it is highly possible 
that in specific fast-warming areas, where the fitness of temperature-sensitive native species of ecological or 
economic importance is reduced and their populations decline or go locally extinct, some alien thermophilic 
species may fill the gap. These species may secure ecological functions and the flow of ecosystem services that 
would be lost with the loss of the native species – that is, they can be more beneficial than harmful to the 
ecosystem and possibly to human wellbeing. Although native species shifting their range with the moving 
isotherms can fulfil the same role, there are cases of land-locked seas, such as the Mediterranean, where this is 
impossible. In the eastern Mediterranean Sea, the world’s most invaded marine region because of the opening of 
the Suez Canal connecting the Red Sea to the Mediterranean Sea, multi-species collapses of native species have 
been suggested to be at least partially attributed to climate change (Rilov 2016), with one, sea urchin, 
experimentally demonstrated to be related to the fast ocean warming (Yeruham et al. 2015). In that region, alien 
fish dominate today in the shallow shelf communities and in the commercial catches (Edelist et al. 2013; Rilov et 
al. 2017). It is quite possible that without the thermophilic invaders from the Red Sea, that possibly replace some 
of the functions lost due to the loss of the natives, ecosystem functioning and services would have been at a much 
worse state.

Research priorities to fill knowledge gaps around this topic should include (1) holistic assessments of the ecological 
and socioeconomic impacts of alien species, properly accounting for societal perceptions and implications for 
management (Goodenough 2010; Simberloff et al. 2013); (2) assessments of the role of alien species in achieving 
conservation goals (Schlaepfer et al. 2011), as they are more likely to persist and contribute to ecosystem 
functioning and the flow of services in areas affected by climate change; (3) the role of secondary invasions such 
as alien pathogens or parasites of a primary invader and (4) the development of appropriate frameworks for the 
integration of alien species into conservation and marine spatial plans (Giakoumi et al. 2016; Mačić et al. 2018).  
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