Appendix 1. Comparison of response-based vs ESAC-based species vulnerability assessments for a Hawaiian bird species, Iiwi (Drepanis coccinea). 
For the purposes of comparing the two frameworks discussed, we conducted a preliminary expert-based assessment using both approaches for an example species. Iiwi (Drepanis coccinea) is an endemic Hawaiian forest bird that is clearly but indirectly threatened by climate change [1–4].  The increasing prevalence of avian malaria at higher elevations due to warmer temperatures puts this species at serious risk as it is known to suffer mortality >95% when exposed to this disease [5,6]. We assess the individual components of each framework under a moderate warming scenario (SRES A1B) by considering the relevant factors to each component. We provide examples of research questions, management implications and ways to validate estimates for each component in the future for the two frameworks.  This example is not intended to provide a definite assessment of climate change vulnerability for the species as it was done based on literature and expert knowledge. Instead, the comparison is merely used to illustrate how relevant ecological information can be more clearly integrated into response categories, leading to clearer follow up research questions, management implications and validation. 
[bookmark: _GoBack]For the ESAC-based assessment, given the wide set of definitions available for each underlying component, we focused on factors described in Glick et al. 2011 and Williams et al. 2008 [7,8]. ESAC-based scores are similarly rated as low/medium/high. For the response-based assessment, because of the expert-based nature of the assessment, the score column simply rates each response as low/ medium/ high in terms of the projected magnitude or likelihood of each response considered. 



ESAC-BASED VULNERABILITY ASSESSMENT:
	ESAC component
	Relevant factors
	Score
	Rationale
	Research questions
	Management implications
	Validation

	Exposure
	Regional climatic change, topographic buffering
	High
	There is little if anything birds can do to reduce local exposure to higher temperatures. Given unabated emissions, it is increasingly likely future warming will surpass 2 degrees Celsius.  
	Research questions related to exposure fall largely in the climate science field.
	None, as exposure to ambient temperatures is not altered by management.
	Monitoring of local climate trends.

	Sensitivity
	Physiological thresholds; Interacting threats; Life history traits
	High
	Iiwi was abundant and broadly distributed across Hawaii prior to the introduction of avian malaria and its mosquito vector. As such, there is no major direct impact expected of climate change on the species. The primary factor that makes Iiwi extremely sensitive to ongoing and future climate shifts is temperature-driven expansion of avian malaria to high elevation forests across Hawaii.  
	Given mixed set of relevant factors, follow up research questions mostly relate to individual factors considered.
	Unclear set of actions, given mixed set of relevant factors.
	Monitoring of abundance and status of current populations.

	Adaptive capacity
	Genetic diversity; Plasticity; Possibility of range shift
	Low
	Because of wide movements by Iiwi, genetic diversity across populations is low. It is also unclear if there is any behavioral plasticity possible that could reduce Iiwi's exposure to the disease. Lastly, the majority of high elevation forests across Hawaii are already occupied by Iiwi and other forest birds. There are few if any higher elevation habitat available.
	Given mixed set of relevant factors, follow up research questions mostly relate to individual factors considered.
	Unclear set of actions, given mixed set of relevant factors.
	Unclear validation given abstract/ mixed definition of adaptive capacity.

	Overall vulnerability
	3 ESAC components above
	High
	Iiwi clearly has high exposure to projected climate shifts, as well as very high sensitivity to those shifts. Conversely, there is little possible relief from the mix of factors that generally confer low adaptive capacity for the species.
	
	
	



RESPONSE-BASED VULNERABILITY ASSESSMENT:
	Response
	Relevant factors
	Score
	Rationale
	Research questions
	Management implications
	Validation

	Tolerate
	Areas projected to remain climatically suitable; Survivorship; Phenotypic plasticity; Species interactions
	Low
	Before the introduction of avian malaria and its vector, Iiwi were broadly distributed across Hawaii, suggesting a broad fundamental niche. Presently, the lower elevation distributional limits of Iiwi seem clearly related to temperature constraints on mosquito distribution and disease development [2]. Given Iiwi's high mortality when exposed to disease (>95%) at low elevations, it is quite unlikely that populations will persist in areas expected to warm enough for the disease to spread into [5,6]. In fact, three recent projections of Iiwi distribution and abundance [1–3] using very different methods indicate Iiwi are likely to lose >50% of its range across the archipelago. It is unknown whether Iiwi have physiological or behavioral plasticity that would make them avoid or tolerate the disease, but consistently high mortality for the species suggests that is unlikely.  
	For areas expected to remain suitable for Iiwi, are there projected changes in tree species Iiwi relies on as food source? What are locations that are safe from disease except for shorter warmer periods? Could targeted mosquito control during these events help the persistence of local Iiwi populations?
	Increasing carrying capacity of enduring climatically suitable areas by planting of food species. Landscape level mosquito control.
	Monitoring of abundance and status of current populations.

	Migrate (Range expansion)
	Dispersal distance; Niche breadth; Areas projected to become climatically suitable; Compatible habitat area and quality in future range
	Medium
	Large movements of Iiwi over the landscape could in theory help individuals of the species find newly available climatically suitable areas. However, most of areas projected to become climatically suitable for the species under moderate end of the century climate scenarios are outside of native forest habitat that harbor species that Iiwi extracts nectar from (e.g., Metrosideros polymorpha, Sophora chrysophylla and native lobelioids). In some lower islands such as Kauai, prospects for a migration response are limited as no future climate compatible areas are available for the species.
	What are the exact local habitat requirements for Iiwi? Can such requirements be met in restored areas upslope? 
	Restoration of high elevation areas above current Iiwi range. 
	Monitoring of future range expansion.

	Micro refugia
	Micro site availability; Niche breadth;
Foraging range
	Low
	Suitable areas for the disease seem to be quickly populated by the disease and vector. While it is likely that differences in forest structure lead to differences in understory temperature, it quite unlikely those differences are large enough to cause major differences in mosquito or disease prevalence. On the other hand, mosquito mortality and breeding site availability is likely impacted by sharp orographic gradients in rainfall [9]. To what extent these differences in rainfall could help create disease refugia for Iiwi and other birds is unknown. Yet, it is quite unlikely small microrefugia may help the species substantially given individuals are known to travel large distances in search of food and thus are likely to be exposed to disease outside of microrefugia.
	What are factors that determine variability of mosquito abundance across the landscape? If so, are there low/mid elevation areas that with minimum management could be safe enough for Iiwi?
	If research indicates viability of small populations at low/mid elevations are unlikely, concentrate on boosting other responses.
	Monitoring for persistence of small populations in portions of current niche.

	Evolve
	Landscape gene flow, Genetic diversity, Population size, evidence of increased disease resistance, generation length
	Low
	While Iiwi is the third most common native forest bird in Hawaii, total population numbers are only ~600k birds. Unlike the two most common forest bird species (Apapane and Amakihi) that have shown possible increased disease tolerance, Iiwi has no enduring/ expanding low or mid elevation populations. Future prospects of such response are not only diminished by small total numbers but also by the fact that the population seems to be of low genetic diversity given ample movement of individual birds across islands (and hence high gene flow). While Iiwi sightings at low elevations in Oahu have led some to consider the possibility of a small subpopulation with higher disease tolerance, these sightings have been intermittent enough to possibly represent individuals displaced from other islands.
	Do low elevation sightings represent remnant populations? If so, are these low elevation populations genetically distinct? Is there any genetic differentiation emerging among Iiwi populations? 
	Minimize other natural selection pressures at areas of moderate disease prevalence. If genetically distinct and disease tolerant populations are found, consider breeding programs.
	Monitor for changes in disease prevalence, tolerance or resistance across populations.

	Overall vulnerability
	4 responses above
	High
	The likelihood or potential magnitude of Iiwi responses to climate shifts is generally low. It is quite unlikely that, under the climate scenario considered, Iiwi will either tolerate projected climatic shifts, find persistent micro refugia or evolutionarily adapt. A migrate response was deemed to have a moderate likelihood/potential magnitude primarily based on possible restoration of upslope areas.
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