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Abstract

Enhancing species resilience to changing environmental conditions is often suggested as a climate change adaptation

strategy. To effectively achieve this, it is necessary first to understand the factors that determine species resilience,

and their relative importance in shaping the ability of species to adjust to the complexities of environmental change.

This is an extremely challenging task because it requires comprehensive information on species traits. We explored

the resilience of 58 marine turtle regional management units (RMUs) to climate change, encompassing all seven spe-

cies of marine turtles worldwide. We used expert opinion from the IUCN-SSC Marine Turtle Specialist Group (n = 33

respondents) to develop a Resilience Index, which considered qualitative characteristics of each RMU (relative popu-

lation size, rookery vulnerability, and genetic diversity) and non climate-related threats (fisheries, take, coastal devel-

opment, and pollution/pathogens). Our expert panel perceived rookery vulnerability (the likelihood of functional

rookeries becoming extirpated) and non climate-related threats as having the greatest influence on resilience of RMUs

to climate change. We identified the world’s 13 least resilient marine turtle RMUs to climate change, which are dis-

tributed within all three major ocean basins and include six of the world’s seven species of marine turtle. Our study

provides the first look at inter- and intra-species variation in resilience to climate change and highlights the need to

devise metrics that measure resilience directly. We suggest that this approach can be widely used to help prioritize

future actions that increase species resilience to climate change.
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Introduction

Climate change is a major threat to biodiversity (Bellard

et al., 2012) that has already impacted species globally,

with projections for further impacts on species distribu-

tions, physiology, phenology, behavior, and reproduc-

tion (Gitay et al., 2002; Walther et al., 2002; Root et al.,

2003; Maclean & Wilson, 2011). Although climate

change may have a positive influence on some species

(e.g., by increasing prey availability or expanding suit-

able habitat), it may also impact on species interactions,

community composition, and ecosystem services (Wal-

ther et al., 2002; Walther, 2010).

In response to the anticipated widespread negative

impacts of climate change, the forefront of current

research focuses on strategies that mitigate these poten-

tial threats (Heller & Zavaleta, 2009; Mawdsley et al.,

2009). These strategies seek to do the following: 1)

mitigate the threat by reducing global greenhouse emis-

sions (Hannah et al., 2002); 2) adaptively manage

impacts from climate change by increasing population

persistence (Peterson et al., 1997); and 3) employ actions

that build biodiversity resilience, such as addressing

current non climate threats (Chambers et al., 2005; Heller

& Zavaleta, 2009; Mawdsley et al., 2009). Reducing

emissions is perhaps the biggest challenge, but even

immediate reductions will not stop the already apparent

and unavoidable impacts of climate change (Peterson

et al., 1997). Adaptive management is constrained by

risks associated with implementing mitigation strate-

gies (e.g., species relocations, manipulations or man-

agement actions that improve habitat) and a lack of

understanding of how effective these strategies will be

at reducing impacts from climate change (Fuentes et al.,

2012). Therefore, until further information on the effec-

tiveness and potential risks of these strategies is

obtained, we should prioritize attempts to predict the

impacts of climate change, and thus estimate how
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resilient populations or species could be under future

scenarios (Hays et al., 2003; Hawkes et al., 2009; Fuentes

et al., 2012).

Resilience is the ability of an ecosystem or species to

maintain key functions and processes in the face of

stresses or pressures, either by resisting or adapting to

change (Holling, 1973; Nystr€om & Folke, 2001). In the

case of biodiversity and climate change, this relates to

the ability of a species to adjust to and self-organize in

response to environmental change (Moore & Hunting-

ton, 2008; Heller & Zavaleta, 2009). Building biodiver-

sity resilience, to date, has focused on reducing non

climatic threats under the rationale that large, healthy

and stable populations will help maintain the following:

1) genetic diversity, which can facilitate adaptation to

variable conditions; 2) a wide geographic distribution,

which can minimize the overall impacts of area-specific

threats; and 3) a large breeding population, which can

help absorb disturbance through an increased ability to

recover from population perturbations (Purvis et al.,

2000; Isaac et al., 2009; Sgr�o et al., 2011). However, to

actively manage for resilience in a changing climate, we

need to understand the factors that determine species

resilience, their relative importance in shaping the abil-

ity of species to adjust to climate change, and the

‘amount’ of resilience that a species has, as defined by

the above rationale. However, this is an extremely chal-

lenging task because of difficulties associated with how

to comprehensively quantify resilience (Carpenter et al.,

2001).

We explored the resilience of marine turtle regional

management units (RMUs,Wallace et al., 2010) to climate

change to provide guidance on futuremanagement activ-

ities, highlight knowledge deficiencies, and focus adapta-

tion research efforts. Marine turtles play important

ecological roles in maintaining marine and coastal

ecosystems (e.g., maintenance of seagrass and algal

ecosystems, nutrient cycling) (Moran & Bjorndal, 2005,

2007), cultural roles in terms of their value to indigenous

human societies (Johannes &Macfarlane, 1991), and edu-

cational roles through a vibrant tourism industry (Wilson

& Tisdell, 2001). Despite worldwide legal protection,

marine turtle populations in many regions have declined

in abundance in recent decades, due to fisheries bycatch,

direct take, and coastal development (Lutcavage et al.,

1996). These existing threats have spurred concerns that

climate change impacts onmarine turtle populations will

compound challenges to population recovery (Fuentes &

Cinner, 2010; Hamann et al., 2010). Marine turtles are

particularly vulnerable to climate change because their

life history, physiology, and behavior are extremely sen-

sitive to environmental temperatures (Poloczanska et al.,

2007; Hawkes et al., 2009; Fuentes et al., 2011b; Fossette

et al., 2012). Arguably, the more detectable impacts of

climate changewill occur during the terrestrial reproduc-

tive phase of marine turtles (i.e., egg laying, egg incuba-

tion, and egg hatching success), which is crucial to

population persistence (Pike, 2013).This not only reflects

the general research bias of sea turtle research toward ter-

restrial nesting grounds but also the clear and relatively

direct effects of increased temperature, sea level rise, and

large stochastic disturbances (e.g., cyclonic activity) on

nesting habitat and reproductive success (Fish et al.,

2005; Pike & Stiner, 2007; Witt et al., 2010; Fuentes et al.,

2011a, 2012; Katselidis et al., 2012). Nevertheless, climate

change may affect turtles in multiple ways and at all life

stages, ranging from the loss of nesting beaches due to

sea level rise and storms (Fish et al., 2005; Baker et al.,

2006; Fuentes et al., 2010), to feminization of turtle popu-

lations from elevated nest temperatures (Hawkes et al.,

2007; Fuentes et al., 2009), changes in reproductive peri-

odicity (Weishampel et al., 2004, 2010; Pike et al., 2006),

shifts in latitudinal ranges (Mcmahon & Hays, 2006; Witt

et al., 2010), and hatchling dispersal and migration (Ha-

mann et al., 2011; Van Houtan & Halley, 2011), decreased

reproductive success (Hawkes et al., 2009; Fuentes et al.,

2011b), and indirect effects to food availability (Hawkes

et al., 2009). The information we provide on the perceived

resilience of global marine turtle regional management

units helps identify which RMUsmay be most threatened

in a changing climate based on inherent population char-

acteristics and existing threats. This will help refine global

priority-setting.

Materials and methods

Resilience index (RI)

Several traits are crucial for species resilience to environmental

change, including the size and trend of populations, threats,

and biological and genetic diversity (Peterson et al., 1998;

Elmqvist et al., 2003; Folke et al., 2004; Chambers et al., 2005;

Sgr�o et al., 2011). Subsets of these species-specific traits have

been used to assess the resilience of a wide range of species to

climate change {e.g.,[Isaac et al., 2009; Moore & Huntington,

2008]. Here we use two sets of traits to determine the resilience

of marine turtle RMUs to climate change. The first set of traits

assessed population characteristics that influence risk of

decline or loss of genetic diversity [defined as a ‘risk matrix’ in

Wallace et al. (2011)]: 1} population size – the average estimated

annual number of nesting females in each RMU; 2) recent nest-

ing population trend – based on the past 10 years of available

nesting data (because longer term trends for many RMUs are

unavailable); 3) long-term nesting population trend – based on

a minimum time span of one generation (generation length is

the average age of parents of the current cohort, as per IUCN

Red List criteria;); 4) rookery vulnerability – the likelihood of

functional rookeries (those that successfully produce hatchling

turtles) becoming extirpated, which would limit species

recovery based on the number and geographic distribution of
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rookeries within an RMU; and 5) genetic diversity – the

number of known or inferred genetic stocks (from species-

specific patterns of genetic distinctiveness among rookeries

based on haplotype) within an RMU.

The second set of traits assessed relative population-level

impacts from non climatic threats. We based this on the

‘hazards to marine turtles’ established during the Burning

Issues Assessment conducted by the Marine Turtle Specialist

Group (MTSG-B3) (Mast et al., 2005): 1) fisheries bycatch; 2)

take – harvest of turtle eggs, meat, or shells for human use; 3)

coastal development of nesting beaches – human-induced alter-

ation of coastal nesting areas due to construction, dredging, or

beach modification; and 4) pollution and pathogens – marine

pollution and debris that affect marine turtles (i.e., through

ingestion or entanglement which can cause injury or mortality,

disorientation caused by artificial lighting, etc.), as well as

impacts of pervasive pathogens (e.g., fibropapilloma virus). Cli-

mate change was the fifth key hazard listed by the MTSG-B3,

however, climate change was not incorporated here because

of an excessive number of data deficient scores for many

RMUs (see Wallace et al., 2011).

Values for the risk and nonclimate threats criteria for each

of the 58 marine turtle RMUs, which were used here (as

defined by (Wallace et al., 2010), were obtained from Wallace

et al. (2011), which is the single most thorough conservation

status assessment for all populations of marine turtles to date.

Information on long-term and recent population trends for

some RMUs was unavailable (for detailed information see the

supporting datasets in Wallace et al., 2011) and therefore we

were unable to score these risk criteria for all RMUs. To

account for this data deficiency, we excluded these variables

from the Resilience Index.

The relative influence of each of these criteria to the resil-

ience of each RMU was then weighted (w). Because the rela-

tive influence of each of these criteria has not been previously

quantified for each RMU, we used expert opinion to obtain

weights for our resilience criteria. The use of expert knowl-

edge to quantify the relative influence or impact of similar

variables on populations has been widely used in other stud-

ies (e.g., (Donlan et al., 2010; Fuentes et al., 2011b; Halpern

et al., 2007; Sala et al., 2000). We solicited expert opinion from

the foremost global authorities on marine turtle research and

conservation, the IUCN-SSC Marine Turtle Specialist Group

(MTSG), which includes ~220 experts from dozens of coun-

tries. We are confident excluding long-term and recent popu-

lation trends, in this study, as expert respondents evaluated

population trend as having the lowest influence on marine

turtle RMU resilience to climate change (see Results; Table 1).

Consequently, the RI for each marine turtle RMU is described

as:
Resilience IndexðRIÞ ¼ ðPS �wÞ þ ðRV �wÞ þ ðD �wÞ

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

RiskðRÞ

þ ½ðFþ T þ CDþ PÞ=4 �w�
|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

NonClimatethreatðNTÞ

ð1Þ

where: PS = Population size, RV = Rookery vulnerability,

D = Diversity, R = Risk, F = Fisheries, T = Take, CD = coastal

development, P = pollution and pathogens, NT = Non cli-

mate-related threat, and w = weight.

MTSG respondents had 1 month to answer the survey

questions, which are available in the Supporting Information

S1. Prior to sending out surveys, we used colleagues to help

revise our questions, and we were available during the survey

period to answer any questions that respondents had. The sur-

vey included a description of the project, references to support

the project’s background as well as a series of background

questions to determine the respondents’ experience and

expertise with regard to each RMU.

Our questions were structured as pair-wise comparison

matrices, whereby respondents indicated their perception of

the relative importance of one criterion when compared with

another (Supporting Information S1). Respondents could

assign one of seven scores to each comparison, ranging from

one criteria being ‘extremely more important’ than another to

both criteria having ‘equal importance.’ Weights (w) for the

resilience criteria were calculated from scores given in the

pair-wise matrices using Analytical Hierarchy Process (AHP)

software (Saaty, 1980; available at http://www.isc.senshu-u.

ac.jp/~thc0456/EAHP/AHPweb.html). Analytical Hierarchy

Process is a multi-criteria decision-making method that

derives weights from paired comparisons using principal

Eigen vectors (Saaty, 1980). Weights from all experts were

averaged to calculate an overall weighting (w) for each

criterion (as per Fuentes & Cinner, 2010; Fuentes et al., 2011b;

Mcclanahan et al., 2008) (see Table 1). The overall weight was

then multiplied by the corresponding criterion value (which

was obtained from Wallace et al., 2011) to obtain the overall

Resilience Index (RI) value using Eqn (1). This index varied

from 0.76 to 2.28, with the lowest number representing the

most resilient RMUs. We divided this index into three resil-

ience categories for analysis, using terciles: high resilience

(0.76–1.25), medium resilience (1.26–1.76), and low resilience

(1.77–2.28). Information on population characteristics of the

Northeast Indian green turtle RMU was unavailable, and

therefore this RMU was excluded from analysis (see Wallace

et al., 2011).

Results

Respondents

A total of 33 experts answered the survey; 25 experts

(75.8%) self-identified as researchers, four experts

Table 1 Relative weights and standard deviations for our six

resilience criteria

Resilience variable

Mean

weight (w)

Standard

Deviation

Rookery Vulnerability 0.24 0.11

Non climate-related threat 0.20 0.13

Population size 0.17 0.12

Diversity 0.15 0.13

Recent trend 0.12 0.09

Long-term trend 0.12 0.08
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(12.1%) as managers, and four experts (12.1%) as educa-

tors (see Supporting Information S2). Survey partici-

pants had expertise in all 58 marine turtle RMUs, with

most respondents having experience working with log-

gerhead turtles (Caretta caretta) in the Mediterranean

Sea (n = 9) and Northwest Atlantic Ocean (n = 8),

green turtles (Chelonia mydas) in the South Caribbean

(n = 8) and Northwest Atlantic Oceans (n = 7), and

olive ridley turtles (Lepidochelys olivacea) in the East

Pacific Ocean (n = 7). Some RMUs were represented by

the experience of only a single respondent; these

included loggerhead turtles in the Northeast Indian

Ocean, green turtles in the West Central Pacific Ocean,

and Southeast Indian Ocean, leatherback turtles in the

Northeast and Southwest Indian Oceans and Southeast

Atlantic Ocean, hawksbill turtles in the East Atlantic

Ocean, in the Southeast Indian Ocean and West and

North Central Pacific Oceans, and olive ridley turtles in

the Northeast Indian Ocean (arribadas) West Pacific

Ocean and East Atlantic Ocean (see Supporting Infor-

mation S2).

Relative importance of resilience variables

The variables perceived to be most important to the

resilience of RMUs to climate change were rookery vul-

nerability (35% of respondents) and nonclimate threats

(25% of respondents). These variables also had the

highest average weights (0.24 and 0.20, respectively;

Table 1), with recent and long-term trends having the

lowest weights (0.12; Table 1).

Resilience of regional management units to climate
change

The RMU resilience index (RI) values ranged from a

low of 0.89 (most resilient, northwest Atlantic leather-

back) to a high of 2.08 (least resilient, southwest

Atlantic leatherback) (Table 2). At the ocean basin scale,

the Indian Ocean had the highest proportion of RMUs

that were ranked as least resilient (29.4% of the 18

RMUs in the basin) (Table 2, Fig. 1). The Indian

and Atlantic Oceans also presented the highest propor-

tion of RMUs with high resilience (41.2% of 18 and 17

RMUs in the basin, respectively) (Table 2, Fig. 1). How-

ever, there was little variation among the mean RI

scores for all RMUs within each basin (mean RIs:

Indian Ocean = 1.46, Atlantic Ocean = 1.44, Pacific

Ocean = 1.43 and Mediterranean Sea = 1.37). The high-

est proportion of hawksbill and loggerhead RMUs were

ranked as being least resilient to climate change (30.8%

and 30.0% of 13 and 10 RMUs, respectively) and a high

proportion of green and leatherback RMUs were

ranked as being the most resilient to climate change

(50.3% and 42.9% of 17 and 7 RMUs, respectively)

(Table 2, Fig. 1).

Discussion

Managing for resilience is critical for coping with

uncertainty caused by stresses or pressures on ecologi-

cal systems, such as those related to changing environ-

mental conditions (Folke et al., 2002). To manage

effectively, we need to understand what factors deter-

mine species resilience and their relative importance in

affecting the ability of species to adjust to climate

change. Here, we explored the factors that influence the

resilience of marine turtles to climate change and their

relative importance. Our expert panel perceived rook-

ery vulnerability and nonclimate-related threats as

those factors most likely to influence the resilience of

RMUs to climate change.

Rookery vulnerability relates to the likelihood of

extirpation of functional rookeries that would prevent

recovery based on the number and distribution of rook-

eries within an RMU. This can be used as an indicator

of persistence of viable nesting in an RMU, given vari-

ous threats and potential for range shifts over time

(Wallace et al., 2011). The importance of rookery persis-

tence relates to the need for optimal nesting areas nec-

essary for reproduction and thus recruitment entry into

the population, and buffer areas that will encompass

any need for marine turtles to redistribute the geo-

graphic locations of nesting grounds as an adaptive

response to deal with environmental or land-use

changes (Pike, 2013). Marine turtles have persisted

through dramatic changes in past climates (Hamann

et al., 2007; Hawkes et al., 2009) and are thought to have

adapted by redistributing their nesting sites (Hamann

et al., 2007). Such behavioral flexibility may offer one of

the most promising avenues for adaptation in marine

turtles (Hawkes et al., 2009; Schofield et al., 2009). How-

ever, a necessary requirement for behavioral flexibility

to ameliorate the negative impacts of climate change is

that novel geographic areas that are conducive to egg

incubation must exist (Katselidis et al., 2012; Pike,

2013). This highlights the need to maintain and protect

important regional nesting beaches and to identify and

legally protect areas that will maintain suitable nesting

environments in the future (Fuentes et al., 2012). This

will be particularly difficult in areas where coastal

development and beach alteration is widespread and

continually expanding, such as in the Caribbean and

southeastern United States, where important popula-

tions of marine turtles nest. Indeed, 11 of the RMUs

identified as least resilient to climate change in our

study (Table 2) have previously been identified as

having a high likelihood of complete loss of nesting

© 2013 Blackwell Publishing Ltd, Global Change Biology, 19, 1399–1406
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rookeries (Wallace et al., 2011). The other two RMUs,

loggerheads in the North Pacific Ocean and olive rid-

leys in the West Indian Ocean, present ‘medium’ values

of rookery vulnerability (Wallace et al., 2011).

Our expert panel also perceived non climate-related

threats to be a key factor influencing marine turtle resil-

ience to climate change. This follows the rationale that

a vulnerable and depleted population will be less likely

to absorb disturbance. The main nonclimate-related

threats to the RMUs least resilient to climate change

(Table 2) include fishery bycatch and coastal develop-

ment, where 53.8% and 38.5% of the least resilient

RMUs experience high levels of fisheries bycatch and

coastal development, respectively (Wallace et al., 2011).

Our assessment allowed us to identify the top 13

marine turtle RMUs that are predicted to be the least

resilient to climate change, which encompassed six of

the world’s seven species and all three major ocean

basins. Six out of the 13 least resilient RMUs to climate

change (olive ridley, West Indian Ocean and Northeast

Indian Ocean; loggerhead, Northeast Indian Ocean and

North Pacific Ocean; and hawksbill, East Atlantic

Ocean and East Pacific Ocean) were also identified

within the world’s 11 most endangered RMUs (as per

Wallace et al., 2011). A common pattern among these

six RMUs is the high threat level from fisheries bycatch

(Wallace et al., 2011). This highlights the urgent need to

reduce threats and enhance monitoring of those RMUs

for which crucial data on fisheries impact are lacking,

to obtain valuable information about their population

demography and an understanding of current and

future threats. Further insights into the vulnerability of

nesting grounds to climate change will require a better

understanding of the threat that climate change poses

to each RMU. Unfortunately, limited information exists

on threats of climate change to RMUs; Wallace et al.

(2011) reported that 66% of RMUs were scored as data

deficient in terms of climate change threats. Indeed, of

the 13 least resilient RMUs, only four had sufficient

information to obtain climate change threat scores in

that study, and of those, one RMU presents high threat

from climate change (hawksbill, Southwest Atlantic

Ocean), two RMUs were assigned medium threat level

(loggerhead, North Central Pacific Ocean and Kemp’s

ridley, Northwest Atlantic Ocean) and the other RMU

(leatherback, Southwest Indian Ocean) has a low level

threat from climate change (after Wallace et al., 2011).

This lack of information and/or agreement between

study results clearly highlights the need to enhance

investigation of the potential impact of climate change

on marine turtles, which will improve our understand-

ing of marine turtle vulnerability to climate change and

help improve future conservation status assessments

(Hamann et al., 2010).

Table 2 The most and least resilient marine turtle regional management units, presented by species, as assessed by 33 experts in

the field

Most resilient (0.76 � RI � 1.26) Least resilient (1.77 � RI � 2.28)

Species Ocean Basin Region RI Species Ocean Basin Region RI

Loggerhead Atlantic Northwest 0.96 Loggerhead Pacific North 1.80

Loggerhead Indian Northwest 1.10 Loggerhead Indian Southwest 1.90

Loggerhead Mediterranean Mediterranean 1.26 Loggerhead Indian Northeast 1.90

Green Indian Northwest 0.96 Green Pacific North Central 1.80

Green Atlantic Northwest 0.99 Leatherback Atlantic Southwest 2.08

Green Pacific Southwest 1.03 Leatherback Indian Southwest 1.95

Green Indian Southwest 1.03 Hawksbill Pacific East 1.91

Green Indian Southeast 1.06 Hawksbill Atlantic East 1.90

Green Pacific South Central 1.12 Hawksbill Pacific North Central 1.88

Green Pacific West Pacific 1.18 Hawksbill Atlantic Southwest 1.85

Green Pacific West Central 1.18 Olive Ridley Indian West 1.96

Green Atlantic Southwest 1.21 Olive Ridley Indian Northeast (arribadas) 1.87

Leatherback Atlantic Northwest 0.89 Kemps Ridley Atlantic Northwest 1.84

Leatherback Atlantic Southeast 1.19

Hawksbill Pacific Southwest 0.98

Hawksbill Indian Southwest 1.10

Hawksbill Indian Northwest 1.13

Hawksbill Indian Southeast 1.15

Hawksbill Atlantic West 1.23

Olive Ridley Pacific East (arribadas) 1.07

Olive Ridley Atlantic East 1.20

RI = Resilience Index
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Our results provide important insights into the rela-

tive resilience of marine turtle RMUs. However, this

should be interpreted with caution because our results

are constrained by the perception of experts at the time

of our survey (Fuentes & Cinner, 2010), the data and

expertise bias toward some RMUs with little informa-

tion gathered from others (which reflects the overall

global bias of sea turtle research; for further informa-

tion on data availability for each RMU see the Support-

ing Information in Wallace et al. (2011) and for

information on variation in expert response for this

study see the provided Supplementary Information S2),

and the low response rates that we obtained relative to

other studies [n = 33 respondents to our survey, a 15%

response rate, as compared to an average response rate

of 36.0% � 15.6% for other online surveys; (Cook et al.,

2000)]. Respondents indicated that they have worked in

all RMUs; however, some RMUs were represented by

the experience of only a single respondent (Supplemen-

tary Table S2), which could result in biased information

for those RMUs. Therefore, future surveys should target

experts involved with underrepresented RMUs. Simi-

larly, it will also be important to revisit future responses

and consequent results, as more information on resil-

ience and climate change threats become available.

Data deficiencies presented a challenge to calculation

of the Resilience Index. As a result of the lack of infor-

mation on both recent- and long-term nesting popula-

tion trends for several RMUs, as discussed in the

Methods sections we did not incorporate these vari-

ables into the overall resilience scores. Similarly, the

green turtle Northeast Indian Ocean RMU was not

included in our analysis because only very limited

information exists for this RMU (Wallace et al., 2011).

As more information becomes available on these vari-

ables in the future, we can easily incorporate those data

into our model, which will improve the reliability of

our results.

Despite the caution necessary to interpret our results,

our methodology provides a tool to begin exploring the

relative resilience of marine turtle RMUs to climate

change, which is a topic rarely addressed. ‘Resilience’

has become a common objective of climate change

adaptation (Heller & Zavaleta, 2009; Morecroft, 2012).

However, to effectively increase resilience it is neces-

sary to understand the factors that influence the ability

of an ecosystem or species to maintain key functions

and processes. This will allow efforts to be prioritized

and the most efficient and effective way to increase

resilience to be determined (Morecroft, 2012). Thus, our

study sheds light on the topic of resilience in globally

distributed taxa and highlights the need for metrics that

attempt to measure or estimate resilience. Future

studies should investigate other potential variables

(a)

(b)

(c)

(d)

(e)

(f) (g)

Fig. 1 Resilience for each marine turtle regional management

unit (RMU) by species. (a) loggerheads (Caretta caretta),

(b) green turtles (Chelonia mydas), (c) leatherbacks (Dermochelys

coriacea), (d) hawskbills (Eretmochelys imbricata), (e) olive ridleys

(Lepidochelys olivacea), (f) Kemp’s ridleys (Lepidochelys kempii),

and (g) flatbacks (Natator depressus).
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(e.g., primary and secondary sex ratios, survival rates,

responses to changes in food availability, physiological

plasticity, etc.) that can also influence the resilience of

marine turtles RMUs to climate change.
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