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Amphibians	in	Puerto	Rico	

25	species	
Endangered	PR	Crested	
Toad	
17	Eleutherodactylus	

•  2	endangered	
•  14	at	risk	



El	Yunque	Rainforest	

How	will	subtropical	drying	affect	
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historical determinism and path-dependency (Abel et al., 2011;
Peters et al., 2012) and allows users to visualise and consider the
implications for adaptation planning (Box C in Fig. 2). Here,
although pathways 1, 2, and 3 all seem open at decision point a,
path contingencies may mean that antecedent pathway 3 is more
likely to result in the maladaptive decisions whereas antecedent
pathway 1 may pre-adapt decision making better for adaptive
pathways 1 and 2. It is thus critical to recognise the importance of
historical context (i.e., the positive feedbacks associated with
social and cultural practices, technologies, and institutional
arrangements (Dobusch and Schüßler, 2012)), and to have a
reasonable idea of which pathway a social-ecological system is on,
to understand existing vulnerabilities and capacities to adapt and
to inform future planning and responses (e.g., the Solomon Islands
case study, Table 1).

Furthermore, we may not even be in the adaptive part of the
decision space today. Governance arrangements and cultural
values and practices evolve over time in response to the prevailing
and predominant forces and dynamics of socio-economic, techno-
logical, biophysical, ecological and climatic conditions (Young
et al., 2008). In the context of climate and global change, however,
the inertia in institutions and values means these can become
anachronistic and fail to serve their purpose of enabling societal
processes (such as research and decision-making) for realising fair,
legitimate, and effective allocations and uses of resources. The
broadened conceptualisation of adaptation proposed here allows
for the implications of this to be visualised and explored (Box D in
Fig. 2). If decision-makers are not even currently in the adaptive

space (e.g., coastal local councils in Australia and the USA; Table 1),
as at decision point b, then all pathways may be maladaptive. In
this case, transformations of the institutional arrangements or
cultural values are needed, either through dramatic intervention
(pathway 5) or through strongly directed incremental change
(pathway 6) (Gorddard et al., 2012; Butler et al., 2014). In both
cases intervention from higher levels of governance is likely to be
needed, but is often only forthcoming in response to disasters or
catastrophic events due to vested interests in the status quo
(Pelling, 2011).

There are numerous additional implications of this broader
conceptualisation for adaptation research and practice, many of
which are explored in the papers in this special section. For
example, this broader framing ensures decision makers more
readily recognise that various desirable and undesirable path-
ways can emerge from an intervention and that adopting a
narrow focus on simple cause-effect relationships, as when
adapting to proximate causes of vulnerability, can lead to
unintended or mal-adaptive consequences (Sterner et al., 2006).
An often cited example of this is the response of building more
flood defences which can affect perceptions of risk and lead to
greater problems, or can reinforce existing tendencies for people
to look towards external agencies for solutions, thereby reducing
some opportunities for more transformative changes (Newell
and Wasson, 2002). Instead, by allowing both the root and
proximate causes to be simultaneously considered, as this
broader conceptualisation of adaptation pathways does, deci-
sion-makers can be open to direct and indirect pathways for

Fig. 2. One decision-making actor’s adaptation pathways through an adaptive landscape, building on the metaphor of Fig. 1, where the boundaries between adaptive and
maladaptive responses are changing over time, due to biophysical changes, but also due to changes in social and institutional context, including the actions of other decision-
makers who may perceive different adaptation pathways. Circle arrows represent decision points, dark blue arrows represent pathways that are contemporaneously
adaptive, grey arrows lead to maladaptive dead-ends; dashed blue arrows represent more-or-less transformative pathway segments, and the green arrows show antecedent
pathways prior to the current decision cycle (a) faced by the decision-maker of concern. Boxes A–D highlight differences from Fig. 1 that are discussed in the text.
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How	wide	is	this	space?	

What	is	it’s	trajectory?	

VULNERABILITY	

FORCING	



Ul6mately,	trying	to	evaluate	candidate	
strategies	for	adap6ve	management	

•  Passive	management	in	marginal	habitats	
•  Translocate	Popula6ons	
•  Habitat	acquisi6on	



Khalyani	et	al.	(2016)	
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climate-response	
func:on	 	

Cloud-based	height	 Ground	heat	flux	

April	Rainfall	>	
9mm/day	Soil	moisture	



CLIMATE	MODELING	

FIELD	ECOLOGY	





Expect	Sub-tropical	Drying	in	
This	Region		
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Global	Climate	Models	are	s6ll	very	coarse	
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Insights	from	Downscaling	




