S1 Appendix
Vulnerability of charismatic species
Dugong (Dugong dugon)
The Gulf is currently the major remaining habitat for dugong [1], after Northern Australia [2]. Projections from BIOCLIM and NPPEN showed that the Gulf would become less hospitable to dugongs, particularly around the southwestern region such as the waters around Bahrain. However, habitat suitability predicted by the ENFA model, the least conservative among the three models, showed essentially no loss of habitat suitability for dugongs under climate change. The projection results as an average across all three models used for dugong in the EEZs of the Arabian Gulf are displayed in Fig 1. The percent change in habitat suitability as averaged across all three models in 2050 and 2090 under the RCP 8.5 scenario is presented in Fig 2.
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[bookmark: _Ref479521542]Fig 1. Projected 2010 (average of 2000-2010; top panel) and 2090 (average of 2090-2100; bottom panel) distributions and habitat suitability of dugong in the Gulf. Results are presented for RCP 8.5 as an average of the three niche models used in this study (NPPEN, ENFA and BIOCLIM). Habitat suitability is scaled from 0 to 1, with 0 being not suitable and 1 most suitable. White areas indicate a probability of occurrence for the species equal to zero, therefore it is equivalent to loss of habitat.
[image: dugong]
[bookmark: _Ref470204688]Fig 2. Percent change in habitat suitability for dugongs in the Economic Exclusive Zones (EEZs) of the Gulf in 2050 and 2090. Results are for scenario RCP 8.5 and represent an average across all three models. The error bars denote inter-model range.


Note that all results show future modelled habitat suitability in the region according to projected changes in temperature and salinity relative to the preferred environmental niche of the marine mammal itself. Consequently, these projections do not take into account the fact that dugongs rely on seagrass for almost their entire diet, and the likely resultant changes in dugongs’ habitat suitability based on projected changes to seagrass distribution. It is expected that in the future dugongs will be more at risk due to threats such as rapid coastal development, incidental bycatch in gillnet and driftnet fisheries, and oil spills [1] than climate change.

[bookmark: _Toc450920125]Hawksbill (Eretmochelys imbricata) and green turtles (Chelonia mydas)
Projections from BIOCLIM and NPPEN, based on estimates of future temperature and salinity relative to hawksbill and green turtles’ environmental niches, showed a loss of habitat suitability for both species around the southwestern parts of the Gulf and near the Strait of Hormuz, with the latter model also showing loss of habitat in the northern parts of the Gulf. Findings from the ENFA projections agree with these results, but the loss of suitable habitat in the south and southwestern Gulf were more severe. The projected patterns of changes in habitat suitability are similar between green and hawksbill turtles, except that NPPEN projects a more substantial habitat loss for green turtles along the Gulf coast. The projection results as an average across all three models used for hawksbill and green turtles in the EEZs of the Gulf are displayed in Fig 3 and Fig 4 respectively. A graph showing an average across all three models of percent change in habitat suitability for green turtles in the EEZs of the Gulf in 2050 and 2090 under the RCP 8.5 scenario is included in Fig 5.
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[bookmark: _Ref479521683]Fig 3. Projected 2010 (top panel) and 2090 (bottom panel) distributions and habitat suitability for hawksbill turtles in the Gulf. Results are presented for RCP 8.5 as an average of the three niche models used in this study, NPPEN, ENFA and BIOCLIM. Habitat suitability is scaled from 0 to 1, with 0 being not suitable and 1 most suitable. White areas indicate a probability of occurrence for the species equal to zero, therefore it is equivalent to loss of habitat.
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[bookmark: _Ref479521691]Fig 4. Projected 2010 (top panel) and 2090 (bottom panel) distributions and habitat suitability for green turtles in the Gulf. Results are presented for RCP 8.5 as an average of the three niche models used in this study, NPPEN, ENFA and BIOCLIM. Habitat suitability is scaled from 0 to 1, with 0 being not suitable and 1 most suitable. White areas indicate a probability of occurrence for the species equal to zero, therefore it is equivalent to loss of habitat.
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[bookmark: _Ref470205098][bookmark: _Toc450920126]Fig 5. Percent change in habitat suitability for green turtles in the Economic Exclusive Zones (EEZs) of the Gulf in 2050 and 2090 Results are for scenario RCP 8.5 and represent an average across all three models. The error bars denote inter-model range.


Indo Pacific humpback dolphin (Sousa chinensis)
The BIOCLIM model projections showed loss of habitat suitability for Indo Pacific humpback dolphins particularly around the southwestern parts of the Gulf. Projections based on NPPEN were similar, expanding to Bahrain and Qatar. ENFA model runs demonstrated uniform loss of habitat suitability throughout the lower three quarters of the Gulf. The projection results as an average across all three models used for Indo Pacific dolphins in the EEZs of the Gulf are displayed in Fig 6. A graph showing an average across all three models of percent change in habitat suitability in 2050, 2090 under the RCP 8.5 scenario is included in Fig 7.
	[image: ]

	[image: ]


[bookmark: _Ref479587177]Fig 6. Projected 2010 (top panel) and 2090 (bottom panel) distributions and habitat suitability for Indo Pacific dolphins in the Gulf. Results are presented for RCP 8.5 as an average of the three niche models used in this study, NPPEN, ENFA and BIOCLIM. Habitat suitability is scaled from 0 to 1, with 0 being not suitable and 1 most suitable. White areas indicate a probability of occurrence for the species equal to zero, therefore it is equivalent to loss of habitat.
[image: ]

[bookmark: _Ref470205130]Fig 7. Percent change in habitat suitability for Indo Pacific dolphins in the Economic Exclusive Zones (EEZs) of the Gulf in 2050 and 2090. Results are for scenario RCP 8.5 and represent an average across all three models. The error bars denote inter-model range.


[bookmark: _Toc450920127]Bottlenose dolphin (Tursiops aduncus)
All three environmental niche models projected large declines in habitat suitability of bottlenose dolphin for most areas in the Gulf, with the exception of the northern region, under climate change (Fig 8). The pattern of changes is largely consistent among results from the three models. However, projected changes in habitat suitability from BIOCLIM by 2090 relative to 2010 under the RCP 8.5 scenario are more conservative, with a smaller decline in habitat suitability relative to projections from the other two models.
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[bookmark: _Ref470190790]Fig 8. Projected 2010 (top panel) and 2090 (bottom panel) distributions and habitat suitability for bottlenose dolphins in the Gulf. Results are presented for RCP 8.5 as an average of the three niche models used in this study, NPPEN, ENFA and BIOCLIM. Habitat suitability is scaled from 0 to 1, with 0 being not suitable and 1 most suitable. White areas indicate a probability of occurrence for the species equal to zero, therefore it is equivalent to loss of habitat.

[bookmark: _Toc444439949][bookmark: _Toc318307565][bookmark: _Toc450920134]Projecting climate change impacts on charismatic species
The results of this study suggest an increase in vulnerability of charismatic species to climate change in the Gulf. For hawksbill turtles for example, model projections based on changes in temperature and salinity relative to the species’ environmental niche predict that habitat loss would be most significant in south and southwestern parts of the Gulf. Post-nesting tracks of 90 turtles showed these areas to currently be the most important for this species in the Arabian region [3]. Marine mammals generally have wider tolerance windows for variations in sea temperature and salinity. Therefore, projected declines in habitat suitability for dugongs and dolphins may be overestimated. Overall, confidence in the projections of habitat suitability loss for charismatic species, as a result of future climate-mediated changes in temperature and salinity, is much lower than for other groups. 
The approach utilized here did not include behavioural or other species characteristics that may make these species vulnerable to climate change stresses. For instance, sea turtles have a complex life history. Females lay eggs on their natal beaches, and hatchlings enter the ocean where they grow into juveniles on the high seas before recruiting to neritic habitats several years later. As adults, sea turtles are highly migratory, travelling between foraging and nesting grounds that can sometimes be oceans apart (>3000 km). Some of these life stages may be more vulnerable to increasing temperatures than others, with warming for example found to result in a shift in sex ratios towards females at many rookeries [4][4 but see] (but see Pilcher et al. [5]) and a decline in the fitness of hatchlings. 
In the case of sea turtles in the Gulf, overall, our modelling results show that changes in salinity and temperature may present stresses of relatively low concern to the sea turtles themselves [see also 5], particularly when compared to other threats they face in the region [6]. Nonetheless, a recent study in the Gulf showed that a number of hawksbills travelling between nesting and foraging grounds when water temperatures are elevated undertook summer migration loops generally moving in a northeasterly direction toward deeper water, swam at greater speeds, and had trajectories that were significantly inversely correlated with temperature [7]. The authors conclude that Gulf hawksbills spend about 20% of their time undertaking these summer migration loops, a thermoregulatory response to avoid elevated sea surface temperatures and potentially physiology-threatening conditions. Continued increases in temperature may force turtles to extend such migrations and spend more time in deeper cooler waters, increasing their overall energy demand. 
Other important factors that were not considered in the methodology described here and that may significantly affect marine turtle populations are [8-11]:
· climate change impacts to nesting beaches [12, 13] in the Gulf, for those individuals that use the region’s coastline for reproduction. Rising sea levels and increased storm intensity will negatively impact available sea turtle nesting grounds. Around 1000 green female turtles nest annually on Karan and Jana Islands in Saudi Arabia [14, 15], and around 500 hawksbill female turtles nest annually on Jana [14]. Hawksbills also nest at several key sites in Iran (ca. 1000s of females/year) [16, 17], at numerous small islands in the United Arab Emirates [3], and at Fuwairit, Ras Laffan, and Halul in Qatar [18]. Green turtles nest in small numbers in the United Arab Emirates [19]; and both species also nest in small numbers on islands off Kuwait [20, 21]. This segment of the population may also suffer from climate change impacts to its foraging grounds that may be within or outside of the Gulf. Green turtles nesting at Karan and Jana for example have been found foraging off the UAE and the bulk of that stock is likely to reside entirely within the Gulf [5]; and
· climate change impacts to feeding grounds, specifically seagrass beds [22, 23] for green sea turtles and coral reefs [e.g., 24, 25] for hawksbill turtles, for those individuals that depend on the Gulf to forage. Model projections show casi no changes in the habitat suitability of Halodule univervis, major losses for Halophila ovalis around the UAE and the eastern coast of Qatar, and the total disappearance of H. stipulacea. Green turtles are known to predominantly forage on the former two, and based on projections, may in the future depend more heavily on H. uninervis, currently considered the most common species in the Gulf [26]. Key foraging areas to date include seagrass beds in the UAE, Abu Dhabi in particular, as well as smaller areas in Qatar and Saudi Arabia [5]. Future studies should endeavour to obtain more information on green turtle diets from the region to discern to what extent they depend on different seagrass species and/or algae as well as small benthic invertebrates for forage to help inform how predicted changes may impact turtle fitness in the future. This segment of the population may also suffer from climate change impacts to its nesting grounds that may or may not be in the Gulf.
Overall, the highly migratory nature of marine turtles, and their ability to move considerable distances over short periods of time, should increase their resilience to climate change. In the context of the Gulf, this may mean that turtles may come to spend less time in the region. However, any such resilience is likely to be severely compromised by other anthropogenic influences (e.g., fishing bycatch, loss of nesting and foraging habitat due to pollution, eutrophication and coastal development). This would also hold true for other charismatic species. For example, mapping of historical dugong sightings indicates that the population may have experienced a range contraction of up to 26%, with records found in Kuwait and Iran previously thought not to have dugongs [27]. 
While dolphins and dugongs have less complicated life cycles than marine turtles, changes in their environment other than sea temperature, such as key prey species, are likely to be more significant in determining their vulnerability to climate change. For dugongs for example, we would expect impacts to their main source of forage, seagrass to be critical. Projections for all three species of seagrass indicate that dugongs may in the future focus their grazing activity on the rhizomes of the two main species, H. ovalis and H. univervis, and that their distribution may decline around the UAE and Qatar in response to declines in H. ovalis. Not surprisingly, the most important habitats for dugongs, occur around Murawah Island (UAE); between Qatar and Bahrain; and between Qatar and the UAE [2]. In turn, the vulnerability of seagrass to climate change is likely to depend on species’ tolerance to changes in temperature and salinity, but it is also arguably most dependent on changes in turbidity, sea level and UV-radiation for example. Light is a key environmental resource imperative for the growth and survival of seagrass. Dredging, infilling and industrial developments, in addition to directly removing large areas of shallow productive benthic habitat, significantly affect turbidity and sedimentation and are considered the greatest threats to this important habitat [26, 28]. In the case of dolphins, their distribution may shift in accordance with changes in the habitat suitability of their key prey. Very little is known about the Indo-Pacific humpback dolphin, with reports of population sizes reaching 1,200 [2], but no absolute measure of abundance for anywhere in the region, and the status of the species currently listed as unknown [28]. To better assess the likely impacts of climate change on Indo-Pacific humpback dolphin beyond projected temperature and salinity as undertaken here, future studies should aim to gain greater ecological understanding of this species in the Gulf and the risks to the species from different threats it is currently exposed to. It is likely that incidental capture in fishing nets, coastal and offshore development, pollution, boat traffic, oil and gas exploration, military exercises, and biotoxins associated with red tide events [29] may cause greater harm to both species of dolphins, and thus be more important to mitigate, in the short and long term, than climate change. 
For species such as sea turtles, dugong, or dolphins, the modelling approach presented here presents interesting insights, but will need to be expanded upon to fully assess their vulnerability to climate change. Future analyses should consider including changes in future primary production and combine these with changes in other ecological components important to their distribution (e.g., availability and quality of nesting and foraging grounds in the case of sea turtles). Overall, it is important to note that vulnerability of large megafauna to climate change outcomes are likely to be quite variable and predictions are therefore complex. Current efforts towards long-term monitoring; mix stock studies with in-water surveys; greater understanding of the importance of different areas/habitats for sea turtles and other marine fauna; cross-sector and cross-boundary collaboration between governments, universities and industries together with wide-scale stakeholder engagement; as well as the development of conservation strategies that combine protected areas and the regulation of fishing and shipping activities, are to be improved upon, supported and encouraged. The latter is particularly important given that charismatic species, particularly sea turtles and cetaceans, have suffered from significant anthropogenic impacts other than climate change (71% decline in cetacean abundance in the UAE between 1986 and 1999 [2]) and their curtailment is of key importance to the conservation of species in the region.
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