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INTRODUCTION


Recent studies link climate change with increasing Atlantic hurricane activity due to rising surface sea temperatures (Elsner, 2006).  The rising frequency and severity of hurricanes increases the vulnerability of coastal populations in the US, Mexico and Caribbean. Current environmental change, and impending or predicted environmental change, require robust ways to understand adaptation and resilience of vulnerable social-ecological systems (Nelson et al., 2007).  Emerging literature, weaving strands of hazards and vulnerability studies with theories of social and ecological resilience, posit that vulnerability to disturbances and resilience are not just shaped by ecological conditions, but rather by the confluence of ecological, social, political and economic factors (Eakin and Luers, 2006).  Severe weather events such as Hurricane Katrina (2005) and more recently, the 2010 earthquake in Haiti, have served as poignant reminders of Watt’s argument that natural disasters are not ”simply natural” (1983, 259), but rather a product of increased vulnerability rooted in socio-economic and political factors. 

Severe weather events may serve as catalysts for shifts in a system’s identity from its original state to an alternate state.  In this study, we examine the resilience of forest dependent communities following Hurricane Dean, which made landfall in southeast Mexico in August 2007 and the first category 5 storm (highest rating on Saffir-Simpson scale) to make landfall in 15 years. In contrast to recent high magnitude hurricanes, such as Katrina and Ike, which resulted in the loss of lives and billions of dollars in property damage, Dean passed over areas of relatively low population densities and did not result in fatalities in the Yucatan Peninsula.  Hurricane Dean did cause extensive damage to forest areas, with almost 1.4 million hectares of damage, directly affecting more than 6,000 local households who depend on these resources for both subsistence and income from forestry activities (CONAFOR, 2007).  

Considering extent of forest damage and level of forest dependency in the region, we seek to understand the factors that determine the resilience of socio-ecological systems following a large-scale disturbance such as Hurricane Dean.  We define resilience as “the capacity of a system to absorb disturbance and reorganize while undergoing change so as to still retain essentially the same function, structure, identity and feedbacks (Folke et al., 2005 443).  We use Hurricane Dean as our case study “tipping point” to identify and explore factors which accelerate or buffer transitions in system function, structure and identity in linked socio-ecological systems, such as forest-dependent communities.   In the first section of the paper, we propose an exploratory theoretical framework for our study that explains our conceptualization of resilience and five factors that influence how linked social-ecological systems may respond to severe disturbance.  We propose a conceptual model of five factors that shape the resilience of forest-dependent communities.  In the next section, we apply this framework to the case studies of five communities in Southeastern Mexico affected by Hurricane Dean in 2007.  We describe the study site context and the methods of the study.  We present the results of our study and a discussion as to how our conceptual model aided our understanding of the resilience of the case study communities.
THEORETICAL FRAMEWORK


Our analytical approach to the study of post-disaster resilience among forest dependent communities combines early trends in the study of risks and hazards, a political ecology approach and resilience theory. Early natural disaster and hazards work was pioneering in that scholars began to view natural disasters as more than biophysical phenomena within discrete spatial and temporal scales, but as products of social, political, economic and historical contexts 


(Oliver-Smith, 1994; Blaikie et al., 1994; Watts, 1983) ADDIN EN.CITE .  These works explored how vulnerability to disasters, at multiple scales, is conditioned by an array of factors and, as such, may be experienced differently.  The vulnerability framework, developed by Blaikie et al. (1994) parallels theories of resilience within social-ecological systems in that emphasize the interaction of multiple social and ecological variables at different scales to produce distinct outcomes in terms of risk and exposure and adaptive capacity.  These approaches to disaster research emphasized adaptation as the ability of a system to return from disturbance to a previous steady state.  The focus here was on equilibrium.  Similarly, in ecological thought, resilience was viewed in terms of a steady-state paradigm.  


Holling’s seminal article (1973) proposed a new way of thinking about ecological systems in non-equilibrium terms that was later transposed to thinking about integrated social-ecological systems.  The resilience of a system took on a new meaning, focusing on structure and function within dynamic states, where uncertainty and non-equilibrium are the norm.  The ideas of resilience and adaptation provide a framework for understanding not just how ecological systems, but also integrated social-ecological systems, respond to large-scale disturbances. 


It is important to clarify the terms we will be using in this paper.  We define adaptation as “adjustments that populations taken in response to current or predicted change.” (Nelson, Adger et al., 2007 397).  We define adaptive capacity as “ a way to describe the preconditions necessary for a system to be able to adapt to disturbances” (Nelson 2007).  Adaptive capacity refers to the resources they system has available to respond to disturbances, which may also be considered “resources for resilience” (Nelson 2007). While external factors, such as livelihoods, networks, biophysical conditions, are key in shaping adaptive capacity and strategies, adaptation is also subjective and socially-constructed (Adger 2009).  This view highlights the role of social memory and the perception of uncertainty and adaptive capacity.  

In this study we consider how characteristics of forest-dependent communities influence their resilience following a severe disturbance. We consider a community to be resilient when able to maintain its identity, structure and function as a  “forestry community”.  Drawing upon research on resilience and vulnerability, we identify five determining factors that may help predict the resiliency of forest-dependent communities.  While we acknowledge that many of these characteristics are, in fact, inter-related, we find it useful to attempt to understand their individual contribution to resilience.  The factors which may predict resiliency after large disturbance include (1) the biophysical and institutional preconditions of the linked social ecological system (including forest reserves, forest management systems, forest tenure and governance, (2) connectivity, (3) livelihood diversity, (4) social memory, and (5) perceptions of the future of forestry. 

Biophysical and Institutional Preconditions:  These preconditions consist of a suite of characteristics that are integral to the structure and processes of the linked social-ecological systems prior to the disturbance.  These include characteristics such as forest reserve size, forest management systems, forest tenure and governance.  Forest reserves refer to the natural capital endowed to each community, considering both the size of the forest area as well as the presence of economically valuable timber species.  For this analysis, we provide the size of the forest reserve in each of the study sites (see Table 1).  Forest management systems shape how forest resources are used and whether they are managed collectively or individually.  Forest tenure systems mediate ecological and social systems, shaping how forest resources, benefits and risks are allocated among community members.  Among the five study sites, forest tenure ranges from individualized to collective.  Individualized forest tenure refers to an informal process by which community members have subdivided common forest reserves.  In these cases, management decisions are made at the individual household level.  Collective forest tenure refers to the common ownership and management of forest reserves.  Varying forest management and forest tenure typologies are noted in Table 1.  Governance systems, or the institutions charged with decision-making and rules enforcement, at the community level are key in shaping local responses to disturbance.  Strong governance and institutions may be sources of resilience for social-ecological systems.  Institutions that allow for adaptive governance by mobilizing social capital and networks within and beyond the system, and by incorporating different forms of knowledge and experiences may increase the ability of the system to respond to and, ultimately, reorganize following disturbances (Folke, Hahn et al., 2005).  We score the 5 study sites on a continuum of weak to strong governance.  Communities exhibiting strong governance have enforceable rules and sanctions as well as locally responsive decision-making bodies that, in some cases, may be bolstered by external authorities.  Communities exhibiting weak governance have poor performance in crafting rules and enforcing sanctions. 
We expect that biophysical characteristics of the forest reserve will determine a community’s exposure to severe disturbance.  As such, communities with large tracts of forest and valuable species may experience greater disturbance.  We also predict that institutional preconditions that mediate forest use, such as forest management systems, forest tenure, and governance will also shape adaptive capacity such that collective forest management systems and commonly held land tenure and strong governance systems provide an institutional platform for a more adaptive response to disturbance than communities that manage forests individually, have privatized forest tenure systems and/or exhibit weak governance.

Connectivity: Refers to the flows of information, knowledge and resources within a linked social-ecological system, as well as the linkages between the system and external actors.  Nelson et. al. (2007) emphasize the role of both horizontal networks within a community that help distribute resources but also knowledge and experiences, and vertical linkages, such as links between local institutions and external actors in non-governmental and governmental agencies that may provide resources and knowledge for both short-term disaster mitigation and long-term adaptive responses.  A certain degree of connectivity has been posited to enhance the resilience of social-ecological systems.  Cumming et al (2005) suggest that “intermediate levels of connectivity that break social isolation, without imposing outside interests on local groups” may lead to more resilient systems (979). 

For the purposes of our study, we consider the role of both horizontal and vertical connectivity in determining resilience following Hurricane Dean.  We assigned a score of high, medium or low connectivity to describe both the horizontal and vertical networks we observed for the five study sites.  We expect that horizontal networks within communities to be critical in short term mitigation following Hurricane Dean. We expect that vertical linkages that facilitate the flow of information, knowledge and resources between communities and external actors will aid the development of longer-term adaptive strategies.

Livelihood Diversity:  Heterogeneity is a system characteristic posited to increase resilience and adaptive capacity (Adger et al., 2005).  Much like spatial heterogeneity’s function in ecological systems, diverse patterns of resource use and income sources help spread risk and mitigate severe disturbances.  Further, livelihood diversity may be a critical resource for innovation and renewal in the reorganization phase of the adaptive cycle (Plummer and Armitage, 2007; Cumming, Barnes et al., 2005). We consider the heterogeneity of livelihood strategies to be a determining factor in resilience of forest communities.  For this study we score communities that engage in three or more livelihood strategies as high on livelihood diversity, and communities that are dependent on two or less livelihood strategies as low on livelihood diversity.  We expect that communities with diverse livelihood bases will have a greater ability to buffer to severe disturbance and will allow greater adaptation following Hurricane Dean.

Social memory: Prior experiences with disturbances play an important role in how actors understand and predict uncertainty in the future as well as how actors develop adaptive responses to uncertainty (Adger et al., 2009 342).  Experience, knowledge and value systems considered as “remnants of past system that become growth points for renewal” (Adger, Hughes et al., 2005) that may allow community members to cope with change, shocks and uncertainty.  For this study, we consider social memory to include past experiences with severe disturbances, such as hurricanes, along with prior experiences in transforming experience, knowledge and values into adaptive strategies.  We consider communities to have high level of social memory if there is both individual and institutional social memory of past disturbances and/or experience in adapting to slower onset disturbances, such as a collective shift in livelihood strategies (i.e., shift from market based agriculture to forestry).  We consider social memory resources to be low if individual and institutional memory of prior adaptations is limited.  We expect that evidence of social memory will increase resilience of forest dependent communities. 
Perceptions of the future of forestry:  Severe climatic events, such as Hurricane Dean, not only result in physical impacts, but also result in cultural and symbolic changes in how people relate to their environment (Adger, Dessai et al., 2009).  Adger et al. argue that adaptation is a subjective and socially constructed process, and therefore resilience, is in part, dependent on actors’ knowledge, perceptions and attitudes towards risk, uncertainty, and adaptive capacity (Adger, Dessai et al., 2009).  Adger et al. challenge the traditional view of adaptation as being limited by external factors, such as the biophysical, economic and political context.  Rather, perceptions and attitudes underpin the decision-making process of adaptation, and “…it is perceptions, values and norms that either enable or constrain action, thus either encouraging or limiting adaptation.” (Adger, Dessai et al., 2009 345)  We expect a diverse range of perceptions of the future of forestry among our case studies.  These perceptions, in turn, will shape different adaptive responses.

THE STUDY SITE

We conducted semi-structured interviews with members of 5 forest communities, forestry technicians and government officials in March and April 2008 (n~30), along with informal interviews with community members and key informants between May 2008 and June 2009.  We based our assessment of resiliency of the 5 forest communities on qualitative data gathered from these interviews and observations in the field almost 2 years after Hurricane Dean.  

Our study design emphasizes that the five communities experienced similar magnitude of Hurricane Dean.  All five communities were located on the north side (within 40-60 km) of Hurricane Dean’s direct trajectory were all severely impacted by the hurricane-force winds (Figure 1). The five communities in this study consider themselves to be “forestry communities”, an identity that is grounded in both ecological and social characteristics.  The forestry communities have or had at some point in their history large tracts of standing forest, many rich is valuable species such as mahogany and Spanish cedar.  The identity is, in part, based on current and historical livelihoods that depend on forest resources, such as the harvest of chicle (a non-timber forest product used to make chewing gum) and more recently timber.  Among these forest communities certain social structures that have evolved to support forest-based livelihoods, including local institutions, forest management systems and relationships with external actors and markets.

INSERT FIGURE 1 HERE
Forestry is practiced by all communities with varying systems of management and under different forest tenure regimes (see Table 1).  With the exception of Cuauhtemoc, the communities had received permits to extract timber in 2007 prior to the hurricane; however, these authorized volumes ranged from 1400 cubic meters to 21,000 cubic meters, meaning that there is a wide range of profitability of forestry among the communities.  Noh Bec is one of the most successful community based forestry operations in the region, generating yearly dividends to community members between 1000-2000 USD and providing jobs for dozens of community members.  Noh Bec also has the most diversified forestry operation, with the sale of logs, boards, and valued added products such as furniture and handicrafts.  Petacab is the second largest forestry operation and while the operation is not as diversified as Noh Bec, it provides the main source of income and jobs for the community.  Andres Quintana Roo has a smaller forest reserve and authorized volumes are less, therefore, forestry is not the main livelihood in the community.  In Reforma Agraria and Cuauhtemoc, forests are managed on individualized landholdings and only a few individuals profit from timber sales.  While still considered forestry communities, residents engage in a range of livelihood activities including agriculture, commerce and employment in the tourism sector or in a few cases, in the employment in the United States.

The extensive damage of Hurricane Dean to productive forests in the region raised new challenges for forest management at both the community and state level.  Within communities, planned harvest regimes were no longer viable, and access to forest management areas were blocked by fallen trees and debris, making it difficult to harvest timber or even assess damage.  Shortly after the hurricane, state level forestry technicians adapted the timber extraction permitting and management systems.  Simplified management plans, a state-level institutional innovation, allowed communities to receive permits for fallen timber harvest.  Permits were granted for short intervals (roughly up to 3 months), and then eligible for renewal, as state level forestry institutions worked to adapt to challenges post Hurricane Dean forestry, namely the challenge of controlling the harvest of fallen timber and insuring that standing trees were not being harvested.  

RESULTS  


In our five case study communities, we investigated how the suite of five factors (biophysical and institutional preconditions, connectivity, livelihood diversity, social memory, and perceptions of the future of forestry) shaped resilience following Hurricane Dean.  We assessed the resiliency of the communities in terms of their likelihood to remain a “forestry community”.  We determined that two of the communities were likely to remain “forestry communities” (Noh Bec and Petacab), two communities as somewhat likely (Reforma Agraria and Andres Quintana Roo) and one community as unlikely (Cuauhtemoc).  Table 1 summarizes the key results for each community described below.

INSERT TABLE 1 HERE

 Biophysical and institutional preconditions shaped adaptive response to Hurricane Dean among the five study sites.  Key biophysical attributes, such as the size of the forest reserve and distribution of valuable species, varied widely among communities, shaping distinct vulnerability to severe disturbance.  Noh Bec and Petacab had the two largest forest reserves, reaching close to 20,000 Ha each, while the other communities had 1400, 2000 and 100 Ha each. Both Noh Bec and Petacab also have high proportion of valuable timber species such as mahogany and Spanish cedar.  As such, communities with large and economically valuable forest reserves, such as Noh Bec and Petacab, experienced a greater extent of damage by Hurricane Dean than communities with smaller forest reserve. Conversely, communities with larger forest reserves may have greater reserves of natural capital to prevent a complete shift in system identity than communities with smaller forest reserves.

The forest tenure and forest management systems among the communities shape not just how forest resources are distributed and accessed, but also how the vulnerability to severe disturbances are distributed among community members. The range of forest tenure arrangements in our sample provided some insight into how risk is distributed.  Among the five study sites, forest reserves were managed as common use areas in 3 ejidos: Noh Bec, Petacab and Andres Quintana Roo.  In Noh Bec, the forestry operation works parallel to the community organization and profits are divided among total community members. In Petacab and Andres Quintana Roo, forests are considered common pool resources, however, timber harvesting occurs in work groups.  Authorized timber volumes are divided evenly among work groups, who then carry out the harvesting and manage their own sales.  When forests are held as common pool resources, the impact of Hurricane Dean, in terms of declining profits from damage to forest stands, is evenly distributed among all community members.  In communities where forestry occurs on informally privatized land holdings, such as in Cuauhtemoc and Reforma Agraria, benefits from forest resources, as well as vulnerability to severe disturbance, is unevenly distributed.
Local governance played an important role in mitigating the impacts of the disaster, such as in organizing the clearing of access routes to forest extraction areas and in structuring decision making for long term adaptive plans.  Communities such as Noh Bec, with a strong local governance system, were also the first to organize the clearing of timber extraction roads, to initiate damage assessment studies with local forestry technicians and to work with state level institutions to gather data on forest data via aerial photographs.  In addition, local institutional structures may help mitigate secondary affects of Hurricane Dean, such as increase risk of fire and poaching of fallen timber.  Noh Bec and Petacab have the most highly organized and profitable forestry enterprises of the five communities.  In these communities, community members quickly organized to minimize poaching of fallen timber and fire risk.  For example, in both Noh Bec and Petacab, the community assembly voted to halt slash and burn agriculture after the hurricane in order to reduce fire risk.  In Noh Bec, the community posted guards at the entrance to the forest reserve to monitor traffic, prevent illegal timber harvesting and reduce fire risks.  

In Andres Quintana Roo weak governance, in concert with unclear or unenforceable rules for forest extraction, led to the unorganized extraction of fallen timber.  Interviewees reported that this chaotic system had resulted in the extraction of standing trees along with fallen timber and created competition among community members to extract accessible timber first.  This response demonstrates a kind of “mal-adaptation” resulting in a timber extraction with short-term mitigation goals that undermines the future sustainability of community forestry.  In the de facto privatized communities, Reforma Agraria and Cuauhtemoc, decisions regarding the extraction of fallen timber were left for individuals to decide in their own land holding.

Horizontal and vertical connectivity are resources of resilience within the study site communities. All communities demonstrated a medium to high level of horizontal connectivity.  Institutional structures, such as collective land tenure, local decision-making bodies, forestry work groups provide platforms for local interaction, community support and the flow of information and resources.  In small communities, as in Reforma Agraria, tight kinship networks and shared religion reinforce horizontal connectivity.  Noh Bec has formal social provision system funded by forestry profits that provides a safety net for community members.  These informal and formal networks helped residents cope with the initial impacts of Hurricane Dean. 
Vertical connectivity, linking community members with external actors and institutions, appear to be most critical in developing long-term adaptive responses and resilience following the hurricane.  Communities that had a high level of vertical connectivity demonstrated greater success in capitalizing on fallen wood through networks of buyers and timber industry actors and in developing short and long-term strategies for forest management and disaster mitigation efforts in collaboration with regional and state level forestry technicians.  In addition, highly vertically connected communities with links to external agents demonstrated greater knowledge as to hurricane damage extent and short and long term strategies for community forestry.  In Noh Bec, vertical networks had been developed between the community and forestry technicians through their long term involvement in community forestry management.  These linkages facilitated the flow of information and resources to develop long-term adaptive strategies.  Where communities were loosely linked to forestry technicians (Cuauhtemoc) or when communities were highly dependent on external actors (Andres Quintana Roo), community members appeared to be less informed regarding the impacts of the hurricane in their community and generally lacked information about the short-term permitting process and long term strategies for forestry in their community. 
We expected that the centrality of forestry, and therefore low livelihood diversity, within the communities of Noh Bec and Petacab would amplify the ecological impacts of Hurricane Dean, creating both economic and social crises.  Similarly, we expected forest communities with diverse and non-forest based livelihood strategies, such as Reforma Agraria and Cuauhtemoc, to demonstrate more resilience following Hurricane Dean. We found that forest dependency was not a necessary condition for low resilience.  In the case of Noh Bec and Petacab, their identity and specialization as forestry communities had facilitated the development of strong local institutions and links to external actors and resources that were critical in designing short term and long-term adaptive strategies.   Our findings suggest that in the short-term, these less forestry dependent communities were more resilient and did not foresee a complete shift in the identity of the social-ecological system.  In Cuauhtemoc, Andres Quintana Roo and Reforma Agraria, interviewees did not foresee major changes in livelihood strategies.  For members of these communities, interviewees frequently listed the loss of service jobs in the tourist port of Mahahual as the most damaging impact of the storm.  This was expected to be only temporary.  The port was re-built and cruise ships once again began arriving in 2009; however; shortly after the first cruise ship arrivals, the H1N1 flu epidemic scare in Mexico caused the closure of the port for several weeks during the tourism high season.  These events compounded the economic crisis in these communities, in effect, limiting their long-term adaptation following Hurricane Dean.  Of the three least forest dependent communities, Reforma Agraria exhibited more resilience to the combined impacts of the hurricane, economic crisis and flu pandemic.  This may be linked to the fact that many families in Reforma Agraria may be wealthier than households in Andres Quintana Roo, receive remittances from family members working in the US, and/or have additional natural insurance resources such as livestock.

We found that social memory functioned at different scales within the study region.  The majority of interviewees had not experienced a hurricane of Dean’s magnitude during their lifetime.  Some community members recalled Hurricane Janet, which affected large parts of the peninsula in 1955.  Therefore, at the individual level, social memory of such a shock was limited and did not seem to play a large role in individual disaster mitigation strategies.  Social memory from past adaptations, rather than a specific disturbance event, may play a more important role in the development of individual and community wide adaptive strategies.  This was apparent in the community of Reforma Agraria, whose history, according to a key informant, has been a series of adaptive cycles. Reforma Agraria’s inhabitants came from central Mexico in the 1970s, and over the course of their 40 history, have adapted to different climactic conditions in the Yucatan, weathered the initiation and failure of market driven chile production, and shifted from agro-pastoralists to forest conservationists.   According to the community leader, Hurricane Dean was the catalyst for yet another cycle of change.


At increasing scales, social memory of past disturbances did appear to inform resilience.  In Noh Bec, community leaders remembered severe forest fires following Hurricane Janet in 1955, that according to one informant’s recollection took “months to extinguish”.  This embedded social memory provoked a specific institutional response at the community level following Hurricane Dean to lower fire risk by banning traditional slash and burn agriculture.  At the state level, social memory may be transformed into institutional memory by individual experiences with past disturbances.  In Quintana Roo, the leading government forestry official had worked with the forestry service to issue temporary harvest permits following Hurricane Wilma, which affected the northern part of the Yucatan peninsula in 2004.  He stated that the lessons learned from this experience helped his institution develop the simplified timber permitting strategies following Hurricane Dean.  This is a form of learning, in which lessons from the past may be applied to strengthen adaptive strategies and resilience following Hurricane Dean.

Perceptions of the future of forestry varied across sites.  While community members in all five communities perceived the short-term future of community forestry to be uncertain, perceptions of the economic viability and long-term importance of community forestry varied.  The majority of community members in all 4 communities perceived that timber volumes and profits from timber harvest would decline in the future.  Seventy-seven percent of respondents claimed that in the future authorized timber volumes would decline. Ninety percent of all respondents expected profits from community forestry to decrease in the future.  The long-term profitability of timber harvest was perceived to be declining, while perceptions of short-term profitability were divided among community residents.  Many respondents noted that timber prices had declined with quantities of fallen timber flooding the market following the hurricane.  Key informants involved in the timber operations in Noh Bec said that while the volume of fallen timber was high, the increased cost of extracting the timber from damaged forest areas would lead to a decline in profits.

Within the less forest-dependent community of Cuauhtemoc, which had not received authorization to extract timber for several years, some community members perceived that the simplified management plans calling for the extraction of all fallen timber to reduce fire risk would boost revenues in the immediate future.  One member stated, “I say thanks to the ciclon- because of it we are selling wood.”  Community members did not expect their request for a timber permit to be authorized in the future.  Only a minority of community members expected to benefit from the sale of fallen timber, where as the majority of community members did not have valuable timber species left on their land holdings.


Perceptions of how community members would cope with the uncertainty and decline of forestry varied. In less forestry dependent communities, interviewees did not perceive a drastic change in livelihood strategies with the decline of forestry.  Some stated that community members would emigrate to tourist sector or the US to find employment, resort to predatory illegal logging or fall back on subsistence agriculture.  Interviewees in Noh Bec reported that following the hurricane several young members sold their membership right (and in turn, right to yearly dividends from forestry profits) because they felt that the value would decline, although there little evidence in other communities that the hurricane has prompted further sales of membership rights.  Despite interviewees’ predictions of declining volumes and profits from forestry, respondents in Petacab and Noh Bec claimed that community forestry would still be important for their community. In Noh Bec, some community members expressed faith that they would have to find a way to continue with forestry.  One community member stated “We are a forestry community, it is what sustains us.  Forestry must remain important to us, even if we use different management strategies.” 
DISCUSSION 
Our findings demonstrate that forest-dependent communities experienced varying degrees of resilience following Hurricane Dean.  We considered a suite of characteristics that we predicted would shape the ability of forestry communities to maintain the system function, structure and identity following disturbance.  Our observations point to the importance of local governance and vertical connectivity, in shaping resilience.

Strong governance systems and a high degree of vertical connectivity were salient commonalities among what we assessed to be the two communities to most likely maintain their identity, structure and function as forestry communities following Hurricane Dean.  In Noh Bec and Petacab, the long-term development of their community forestry enterprises co-evolved with local institutions for the management of common forest reserves, including rules and sanction systems.  The continued profitability of forestry for the two communities provided strong economic incentives for the maintenance of these institutions.  As a result of their success in community forestry, both Noh Bec and Petacab had developed vertical networks linking the community with NGOs, forestry engineers, and timber industry players.  Following Hurricane Dean, these networks facilitated the flow of information and resources to shape adaptive strategies for the forestry enterprise.  In the case of Noh Bec, this vertical connectivity has, over the years, resulted in a high degree of local capacity in forestry.  Rather than waiting for information to flow into the community from external actors, the community was able to provide critical assessments of forest stand damage and work with their partner NGO to create a responsive plan.  The presence of locally trained forest technicians may have played a role in interviewees’ perceptions of the community’s ability to respond effectively to the disaster.  We consider Petacab to be less responsive to the disaster in this aspect, as their vertical connectivity to forestry technicians and timber industry players exemplified more of a unidirectional flow of information from external actors to the community, and therefore, perhaps less adaptive. For the large forestry ejidos of Noh Bec and Petacab, large forests reserves combined with strong local institutions for forest management provide resources for the continuity of the social-ecological system.

Highly adaptive governance systems have sources of social capital, knowledge and networks that increase the capacity for social learning and the ability to adapt and even turn tipping point into opportunities for change and reorganization (Folke, Hahn et al., 2005).  Noh Bec exemplifies this type of adaptive governance.  In this community, the disturbance of Hurricane Dean was followed by institutional innovations including a decision to stop slash and burn to reduce risk of fire, monitoring of forest reserve and enforcement of bans against hunting to reduce risk of fire, and the formation of an internal committee to brainstorm future strategies for the community.  Community members are now considering alternative forest based livelihood strategies, such as the sale of environmental services, that will still maintain their identity as a forest community.

We assessed Reforma Agraria and Andres Quintana Roo as somewhat likely to maintain its identity as a forestry community.  Reforma Agraria demonstrated strong local governance and a relatively high degree of connectivity to external actors. Considering the small size of its forest reserve and the community’s history of livelihood adaptation, it is possible that Hurricane Dean will serve as a catalyst for the adoption of alternative livelihood strategies and perhaps a new system state with different structure, function and identity.  Social memory along with strong governance and a high degree of vertical connectivity may provide platforms for learning and innovation in this new state.  Andres Quintana Roo demonstrated weak governance and unidirectional connectivity that decreased their resilience following Hurricane Dean.  Local institutional arrangements lacking enforcement or sanctions for rule-breakers, resulted in an institutional void and the adoption of mal-adaptation strategies, such as unregulated timber extraction that may undermine the future sustainability of the community forestry enterprise.

We considered Cuauhtemoc unlikely to remain a “forestry community”, and therefore the least resilient.  Several characteristics, including small, individualized forest patches, weak vertical connectivity between community members and external actors, and relatively weak governance, make Cuauhtemoc less likely to pursue forestry as its main livelihood strategy.  Hurricane Dean may serve as a tipping point, leading Cuauhtemoc to reorganize into a new alternate state.  


We predicted that the communities most dependent on forestry, with low livelihood diversity, would experience the greatest social-ecological disaster, however; in our cases, we observed that livelihood diversity was not as critical as the institutional context in shaping resiliency.  In the cases of Reforma Agraria and Cuauhtemoc, livelihood diversity in conjunction with social memory from prior adaptations proved to be resources of resilience; however; where the main alternative livelihood strategy was tourism, as in the case of Cuauhetmoc, the global economic crisis and the H1N1 flu epidemic which decreased number of employees following the disturbance compounded the social and economic crises within the community.


We observed that the resilience of forest-dependent communities may be interwoven with their identity as “forestry communities.”  They are vulnerable to disaster by the nature of their dependence on forestry.  They may also have resources of resilience in local institutions and connectivity.  Further, community forestry may provide an identity to community members that is more than the sum of its social and ecological parts.  This may mean that disturbances, such as hurricanes that profoundly affect the ecological basis of this identity, may provoke a greater social shock to communities who self-identify as “forestry communities”.  Simultaneously, following severe disturbance this identity may also provide a platform for learning and adaptation, as well as a potential entry point for alternative forest-based livelihood strategies, such as REDD, that could be managed with the same institutional structures as the community forestry enterprises.


The findings from this exploration of post-disaster resilience within forest communities are valuable in facing future severe weather events.  A framework such as this one may help predict resilience and enhance our ability to avoid longer-term social-ecological disasters by identifying and cultivating resources of resilience.  Strengthening local governance systems and multi-directional connectivity between communities and external actors may a good starting place.  Given the exploratory nature of this study, a more systematic application of this conceptual framework would be useful in contributing to our understanding of resilience, especially within the context of the uncertainties of climate change.
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Figure 1:  Case study sites in Quintana Roo, Mexico showing the path of Hurricane Dean.  Insert shows study region.

	Community
	Biophysical and Institutional Preconditions
	Connectivity
	Livelihood Diversity
	Social Memory
	Perceptions of the future of forestry

	
	Forest Reserves

(Ha)
	Forest Management System
	Forest Tenure
	Governance
	Horizontal
	Vertical
	
	
	

	Noh Bec
	19,396
	Collective
	Commonly held
	strong
	High
	High
	Low


	High
	High

	Petacab
	21,446
	Collective
	Commonly held


	strong
	Medium
	High
	Low


	Medium
	High

	Reforma Agraria
	2000
	Individual
	Informally privatized


	strong
	High
	High
	High


	High
	Medium

	Andres Quintana Roo
	1400
	Collective
	Commonly-held
	weak
	Medium
	Medium
	Medium


	Low
	High

	Cuauhtemoc
	0
	Individual
	Informally privatized


	weak
	Medium
	Low
	High


	Medium
	Medium


TABLE 1:  Factors determining resilience within the five case study communities.
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