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Vulnerability to Changing Seasonality: The Importance of Sensitivity and Social Significance in Climate Change Vulnerability Analysis

	Vulnerability to climate change is generally conceptualized of as some function of the relationship between the exposure of a social-ecological system (SES) to a climate perturbation and the sensitivity of that system of interest to the ensuing impacts (Smithers and Smit 1997, Turner II et al. 2003, Smit et al. 2000, Adger 2006). Exposure is comparatively easy to measure as it can often be captured in variables that lend themselves to quantification such as temperature and precipitation changes, for example. In the study of the human dimensions of environmental change, sensitivity refers to the susceptibility of a system to suffer from climatic stress, and specifically refers to the underlying socio-economic and cultural factors that structure vulnerability. Some view it as a “precondition” to vulnerability (O'Brien, Sygna and Haugen 2004), while others include the response capacity as part of sensitivity (Luers 2005).The exposure/sensitivity matrix includes the societal conditions that affect its own exposure (such as location in a region of rapid climate change), and the ability of the community to absorb the stress through effective responses, mitigation of damage, or adaptation (Ford, Smit and Wandel 2006, Smit and Pilifosova 2003).  However, social sensitivity and significance are highly complex, nuanced, and dynamic phenomena characterized by variables that are not easy to measure such as political marginalization or disempowerment (Figure 1).  
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Figure 1. General Vulnerability Conceptual Framework
	It is this sensitivity of the SES that situates impacts from exposure to climate change in a socially -significant context. In some cases, as in the one presented here, exposure is not dramatic, and sometimes even so subtle as to be easily overlooked when conventional statistical analysis applied. Or worse, climate considerations are often viewed as relatively unimportant in a larger context when competing interests, agendas, concerns or paradigms prevail. Where climate exposure is small and/or subtle, but the exposed system is highly sensitive to seasonal shifts it is important to look at the range of social, ecological, and climatological stressors and the interactions between them that are affecting the system. This requires involving the local stakeholders themselves in the study and examining the adaptive capacity of actors in that system to implement collective, strategic action.
	This research demonstrates how, through and iterative and participatory stakeholder approach, the analysis of the determinants of climate change exposure and sensitivity provide a comprehensive understanding of vulnerability and adaptive capacity. This occurs through the detection of nuances and complexities in the data not easily identified through conventional statistical analysis alone.  


The Koyukuk-Middle Yukon Region of Alaska
	The Koyukon Athabascan Indians of remote, rural Interior Alaska live in their native homelands referred to here as the Koyukuk-Middle Yukon (KMY) region, which historically was inhabited primarily by the Koyukon Indians and small numbers of inland Eskimos. Today the section of the KMY region of interest to this study is comprised of about 2,060 people, still mostly Koyukon, who live in 11 settlements along the Koyukuk River and the middle portion of the Yukon River (Windisch-Cole and Fried 2001).
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Figure 2. Map of the Koyukuk-Middle Yukon Region courtesy of the Yukon-Koyukuk School District
	The villages in the KMY are entirely off the road system, accessible only by airplane or by boat along the major rivers with mail, fuel, food, and other supplies either flown in by daily bush airlines or brought in by barge when the rivers are free of ice. Inter-village regional travel in the winter is by snow machine on winter trails and rivers that become ice roads. Transportation for hunting, fishing, trapping, or gathering is by boat or snow machine, though cars and ATVs are used locally for short trips. The village populations are small ranging from 28 people in Alatna to 580 people in the “hub” village of Galena.
	The nature of the cash-subsistence economies of rural Alaska is such that financial resources and locally harvested resources are completely interdependent and mutually supportive (Langdon 1986, Wheeler 1992).  A chronic problem in Alaskan rural areas is that the cost of living is considerably higher and opportunities for jobs are lower than in urban areas (Goldsmith et al. 2004). The Koyukuk-Middle Yukon region is one of three sub-regions in the Yukon-Koyukuk census area (YKCA) where wage and salary income in 1999 was 20% below state average, unemployment was at 13.5%  (compared to 6% statewide), per capita income for 1998 was 35% below state average, and household income ranked 25th out of 27 census areas in Alaska (Windisch-Cole and Fried 2001). The most recent census shows that the YKCA region is 70.7% Alaska Native (Alaska Department of Commerce 2002) and subsistence is essential to the viability of communities and residents who on average harvest 613 pounds of wild foods per person per year (57% of total required calories) with a replacement value estimated at between $19 to almost $32 million for the region (Wolfe 2000). This points to the critical role subsistence still plays in economic terms in the rural Interior. 
	Subsistence on wild fish and game is the central element of the local cash-subsistence economy. Dependence on wild foods is high providing about 57% of the total calories and 396% of required protein needs compared to around 2% of caloric needs in urban areas such as Fairbanks and Anchorage (Wolfe 2000). Of the wild foods harvested, moose is the most important big game animal in the Koyukuk-Middle Yukon region (Nelson 1983, Brown, Walker and Vanik 2004). Overall 92% of the households in the KMY use moose (Brown et al. 2004). Even in communities where no moose harvest is reported, almost all households still report using moose, confirming not only the critical importance of moose, but also that sharing and food distribution continues to be important in these communities (ibid). Despite the relatively recent arrival of moose to Koyukuk River valley within the last 70 years, moose have become something the people are economically and psychologically attached to and have become central to the culture (Nelson, Mautner and Bane 1982). Maintaining a healthy moose population and hunting access and opportunity is a top priority in the region. Moose are the most efficient wild food to harvest in terms of pounds of meat harvested per unit of time, energy, and money put into the harvest effort (Feit 1987).
	Alaska state and United States federal wildlife regulations have increasingly interfered with subsistence cultural practices through policies that undermine adaptive traits and restrict the flexibility of Alaska Native livelihoods (Chance 1990, Wheeler 1992). These regulations determine when and where subsistence hunting is allowed based on a complex, highly fragmented land tenure system (McNeeley 2009). The ability to successfully harvest wild foods in the Interior requires “territorial freedom” – that is, flexibility across space and time according to the seasonal and yearly fluctuations of the environment (Nelson 1983). The loss of such flexibility in any aspect of subsistence jeopardizes the overall viability of the people (Bane 1982). 
	Over the last decade communities in the Koyukuk-Middle Yukon (KMY) region report an inability to satisfy their needs for harvesting moose before the hunting season closes, citing warmer falls, changing water levels, and the regulatory framework as primary causes (McNeeley 2009). A combination of factors, including the complicated dual state/federal management system for wildlife and subsistence, creates uncertainties about the sustainability of moose populations and subsistence livelihoods in the region. By combining indigenous observations and understanding of climate and western social-natural sciences, this study examines the complex, multi-scaled interaction of climate change and subsistence livelihoods, with the goal of understanding vulnerability and adaptive capacity in the KMY region. 
Analytical Framework and Approach
	The initial goal was to work with communities and other local stakeholders and collaborators to identify: a) regional impacts and stressors of the recent warming climate, and b) key factors that structure, drive, or hinder vulnerability and adaptation. This was implemented through an iterative process of getting stakeholder input, analyzing it along with instrumental weather observations, and giving reports and getting feedback from stakeholders at various stages along the way. It was through this approach, and identifying in partnership with the communities and stakeholders, that the early fall moose hunt was the most critical time of the year for vulnerability to climate change given seasonality shifts that became increasingly evident throughout the course of the research.
	The analytical framework and approach of this study was an in-community, place-based, participatory Vulnerability and Adaptive Capacity Assessment (VA). This approach employs historical data to establish baseline vulnerability and adaptive capacity and contributes to practical adaptation initiatives (Smit and Wandel 2006). VA assessment entails understanding the phenomena and main processes involved in the social-ecological system and identifying relationships and key resources susceptible to harm (e.g., food, financial, or energy resources) (Adger et al 2004). The approach followed the model set forth by Smit and Wandel (2006) where problems of and determinants of vulnerability are not determined a priori, but rather are determined with the stakeholders themselves. Initially, I asked very broad questions about the social-ecological system and the environmental changes being experienced within the context of recent climatic warming. These questions were:
1) How do climate changes, as commonly reported in averages, manifest “on the ground” in terms of the characteristics of the environment, seasonal rhythms, patterns, and disturbances?
2) How do these characteristic changes interact with the characteristics of the social-ecological system?
Through the evolution of refining the project with collaborators and community members, we collectively refined and redefined the questions over time until arriving at a very specific focus on the fall time moose hunt in the Koyukuk-Middle Yukon region, which was determined by the real-world changes to the system during that time span (i.e., 2003-2008). Then the research questions became:
1) What climate trends can be detected during the fall moose hunt?
2) How is climate interacting with social and ecological variables to affect vulnerability to climate during the fall moose hunt?
3) How is the wildlife and subsistence regulatory system responding to early fall seasonality changes?
This specific focus literally developed as the reality of the case study changed, and only could have been addressed at all because of the ongoing, on-the-ground, iterative approach utilized. 
	The uniqueness of this study is the unusual “buy in” and involvement of a full spectrum of stakeholders, although with commitments from each varying in scope and degree as is to be expected. This included not only Alaska Native communities, tribal councils, Elders, and youth, but also the state agency Alaska Department of Game and Fish biologists, managers, subsistence specialists; federal agency United States Fish and Wildlife Agency (biologist, managers, etc.); and climatologists. Most of these stakeholders operate within the institution of subsistence and wildlife management and understand that biophysical changes in Interior Alaska are, in part, a consequence of a warming climate and changing environment. These stakeholders differ in goals, mandates, jurisdiction, populations of interest, etc., but share a common goal of sustainable adaptation to climate change.
Methods
	Because this is a regional study the “system of interest” or unit of analysis is the regional livelihood zone (LZ) referred to as the Koyukuk-Middle Yukon (KMY) region. A livelihood zone is a “relatively homogeneous area defined specifically in terms of four variables: (1) primary food sources; (2) primary income sources; (3) hazards; and (4) socio-cultural dynamics” (Downing & Patwardhan 2004). Using an LZ as the unit of analysis allows the research to sample only a few villages within a large area and make a statement about the whole area. The KMY livelihood zone is comprised of 11 villages (see Figure 2) and an area of approximately 50,000 square miles. It encompasses four United States national wildlife refuges and two Alaska state game management units.
Methods for Data Collection
	Method 1: Key Informant Interviews
	Key informant semi-directed interviews, focus groups, and workshops with local Elders are an effective method for documenting indigenous observations and understanding of regional environmental changes (Huntington 1998; 2000).  For ease of understanding when working with Elders, climate scientists and multiple stakeholders, I use the term indigenous observations and understanding of climate (IC) when talking specifically about observations of weather and climate (McNeeley 2009). There are many terms widely used in the literature to describe native and non-native knowledge about the environment such as traditional knowledge (TK), traditional ecological knowledge (TEK), traditional ecological knowledge and wisdom (TEKW), indigenous knowledge (IK), indigenous ecological knowledge (IEK), local ecological knowledge (LEK), and traditional phenological knowledge (TPK) (Berkes 1999, Lantz and Turner 2003). To avoid the disciplinary and even interdisciplinary traps embedded in debates about which one is the most appropriate term, using the term IC more accurately captures the types of observations being recorded and can encompass traditional and non-traditional, local and regional, native and non-native. IC describes observations about changing weather and climate of a “place-based” people (that have lived in an area for many decades), and who have the knowledge and wisdom to be able to detect conditions that are outside the expected or normal range of climatic variables (McNeeley 2009).
	The  assessment began by examining current exposures, sensitivities and current adaptive capacity employing ethnographic methods such as semi-structured interviews, participant observation and focus groups in the communities, collecting insights and IC from local and regional decision-makers, resource managers, and scientists through formal and informal interviews, meetings and conversations, from the published and unpublished literature, and from all other discoverable, available, and accessible sources of information.
	Field visits were made to villages in the region during all seasons for varying lengths of time starting in May 2003 through February 2008.  Formal interviews were conducted in three KMY villages (Koyukuk, Hughes, and Huslia) from 2004 to 2005. The participatory process involved multiple trips back to villages to report on results and get feedback and corrections where necessary. Also during this time period, in-village focus groups and workshops on “change in weather” took place (Yatlin 2003). Interviews and workshop transcripts provided valuable indigenous observations and understanding of climate (IC) as well as supplying the broader context to understand the science by guiding the analysis to develop the appropriate questions of the data, helping to interpret the data, and identifying patterns of social-ecological change on local and regional scales of the whole system. Examining weather station data, interviews, and biological data in parallel is one step in the direction of integrating IC and western science.
	Method 2: Participant Observation
	I participated in and observed subsistence practices and relevant community events, tribal council meetings, and other tribal institutional meetings. Participant observation method is a hallmark of ethnographic work as it provides the experiential knowledge and understanding necessary to understand culture, communities, and social systems (Bernard 2002; Grenier 1998). During village stays I joined in community activities such as holiday celebrations, “cover dishes” (potlucks), memorial potlatch ceremonies, bingo, school events, Elder dinners, etc. as well as mundane day-to-day activities around the villages especially spending time with the Elders and assisting them in whatever ways that I could. I both observed and spoke at several tribal council meetings in the villages, and participated in subsistence activities such as going on the river to check the fish net, spending time in fish camp, gathering berries, “looking around” for animals, butchering meat, chopping wood, hauling water, and so on.
	Participatory observation during such activities often provides as much if not more learning than formal interviews about not only the social and cultural aspects of a community but also about the natural world and climate issues. It also helped to fine tune interview questions according to local speech patterns and colloquialisms as well as learn family histories in order to talk to Elders about their families, which helped break the ice and was always appreciated. Participant observations reduce problems of reactivity – i.e., when people change their behavior or watch their words when they know they are being recorded (Bernard 2002).
	Weather and climate are so much a part of subsistence activities that day-to-day, normal conversation often centers around or touches on topics of interest to this research. Environmental conditions are part of the constant chatter in villages as hunters, fishers, trappers, gatherers are continually going back and forth between the villages and camp or the open country in pursuit of wild foods and materials, and conditions in the sky, in the rivers and sloughs, and on land are shared to prepare others as they are about to embark afield. My field notes, photographs, and videos from participatory observation were both complementary to and synergistic with the interview transcripts.
	Participant observation also involved spending time with professionals in the regulatory offices of the Alaska Department of Fish and Game as well as the US Fish and Wildlife Service. I spent a lot of time with biologists and managers of both agencies in Fairbanks and in Galena discussing management issues as well as their own observations and understanding of climate changes. This helped to understand the extremely complicated regulatory and dual management system as well as the respective agency cultures and how agency and village culture both clash and inform each other.
	Method 3: Observation of Regulatory Meetings
	Throughout the third phase of the research I focused on understanding the regional state and federal wildlife and subsistence regulatory system. In this effort I attended multiple meetings of village advisory committees to the Alaska Board of Game and the Federal Subsistence Board, meetings in person and by teleconference of the Koyukuk River Advisory Committee and the Middle Yukon Advisory Committee, and I virtually attended the February/March 2008 Board of Game meeting via the live stream on the internet. I collected meeting recordings either recording them myself or from agencies, including the transcripts of all the Western Interior Regional Advisory Committee (to the Federal Subsistence Board) meetings that are available on the internet from 1994 to present (http://alaska.fws.gov/asm/racdetail.cfml?rac=06).
	By participating in all of these meetings within the institutional context of subsistence and wildlife management, I gained insights on the social production of the outcomes of these meetings (decisions, proposals, policies, and laws) as well as the related historical documents I analyzed from similar meetings in past years. 
	Methods for Data Analysis	
Method 1: Coding, Memoing, Concept Building, and Network Analysis of Interview Data
	To identify patterns in the social system analytic induction is fundamental whereby concepts are developed, higher levels of abstractions made from those concepts, and the relationships between them are determined (Ragin 1994). I performed the qualitative data analysis (QDA) of interview and meeting transcripts using the software Atlas.ti to identify themes, concepts, relationships, and patterns in the data through a grounded theory approach (Glaser 1994; Glaser & Strauss 1967). This is a process of memoing and inductive coding, which converts complex volumes of narrative text into nominal variables. The variables are systematically queried for pattern identification and theoretical development. Coding is the process of categorizing pieces of the narrative into themes or analytic categories with an objective to conceptualize the data. Memoing is the process of recording ideas with the pieces of text that range from descriptive commentary to methodological ideas to theory building and conclusions about the data. Theories are derived through higher level theoretical coding combined with theoretical memoing (Strauss & Corbin 1990).
	I performed network analysis in Atlas.ti where links and relationships between variables are visualized to understand causality and social-ecological system relationships and dynamics (Miles & Huberman 1994). I created multiple conceptual models for each season and for biological or ecological themes within each season; ultimately, I focused most on the network analysis of the fall season and moose hunt when it became the specific focus of the case study.
	Method 2: Statistical Analysis of Instrumental Weather Data
	Analysis of the regional weather station data was performed in partnership with Martha Shulski of the Alaska Climate Research Center at the University of Alaska Fairbanks and Karin Lehmkuhl-Bodony from the U.S. Fish and Wildlife Service Koyukuk-Nowitna Refuge office in Galena. We performed linear trend, significance tests, total change calculations, and threshold/frequency distributions for temperature, precipitation and snowfall data. I created an “integrated knowledge matrix” using Excel spreadsheets to make columns of IC with instrumental data in an effort to combine local observations with instrumental data, which helped to identify patterns and differences between them including data gaps. This also helped us to identify mismatches in data availability and scales. In addition, I created parallel timelines between instrumental weather data and local observations to help with trend analysis.
	We looked specifically for changes taking place during the late summer and early autumn, and in particular, during the designated hunting season of interest, which varies spatially according to state and federal hunting regulations. Generally, the early fall moose hunt begins from between August 27th - Sept. 5th depending on the location and stays open to subsistence hunters until generally around September 25th.  Weather data were analyzed for the each of the four weeks between August 25th and Sept. 25th. To place the analysis of hunting season period in the context of other changes taking place, a time series trend analysis of mean annual and seasonal temperature and precipitation was also performed. The four weeks during the hunting season (25 August – 25 September) were analyzed separately, as well as the season on the whole, to check for patterns of change or shifts in temperature and precipitation.
	Method 3: Document Content Analysis
	Archived documents from Western Interior Regional Advisory Council (WIRAC) meetings, Alaska Board of Game (BOG) meetings, agency position papers, state advisory committees to the BOG and WIRAC petitions and proposals to the Board of Game and Federal Subsistence Boards, records of decision, moose management reports and plans were all analyzed in order to understand the context of the regulatory system and institutional setting as well as when and why specific decisions and policies were made. I performed queries on the WIRAC transcripts to determine when and how the issue of climate change arose in this context over time with a special focus on when warmer falls and impacts on moose hunting became part of the agenda for the WIRAC. I also used all of these documents to develop a timeline of when and where the issue of extending the fall moose hunt in response to warmer falls developed. The documents were central to the analysis of barriers and opportunities for sustainable adaptation in that the history of the issue evolved and how the regulatory system has or has not responded to the issue is found in these documents.
	Prior to this study, there were no systematic or comprehensive studies looking at recent climate trends, impacts, vulnerability, and adaptation in the Koyukuk-Middle Yukon region of Alaska. In part for this reason, questions went unanswered about what recent trends or patterns were actually occurring in the region and whether any such trends were part of a longer-term climate change pattern. Because of a lack of any pointed study in the region on the connections between climate, seasonality shift, and subsistence practices, regulatory decisions as of this writing have largely omitted any consideration of climate patterns or local observations of seasonality shifts. This research provides a baseline understanding of the patterns and trends of recent climate changes, impacts, vulnerability, and adaptive capacity to build ongoing analyses, decision making, and adaptation strategies for adaption to climate change from here forward.
Results - Summary of Findings on Early Fall Seasonality and Impacts to Subsistence Moose Hunting
	Fall Seasonality Shift
	The analysis of weather data combined with indigenous observations and understanding of climate (IC) in the Koyukuk-Middle Yukon region shows a small, but socially and often-times statistically significant warming trend in fall. To summarize specific findings for early fall during the moose hunting season: 
1) Total change in temperature during the fall hunting season (the four weeks from August 25th to September 25th) over the period of record (1944-2007) ranges from +1.3°F in Galena, +2.9°F in Tanana and each week within this month shows an increase on the order of .7°F to 4.1°F.
2) From 1995-2008 eight out of thirteen years early fall shows positive temperature anomalies indicating a warming trend.
3) The years 2005-2007 are the warmest three early falls on record with a combined mean anomaly of +4°F, which is greater than one standard deviation for this time period (>2.9°F) and, therefore, were outside of the normal or expected range of weather variability.
4) Each of the three stations Galena, Bettles and Tanana in the KMY region show a decrease in heating degree days (HDD) for the two-month period of August and September indicative of an overall warming trend for this time period.
5) “August rains” have shifted into September with the total change in summer/early fall precipitation shows a trend of dryer conditions in July and August and wetter conditions in September.
6) During the hunting season the first two weeks show a slight decrease in precipitation and the second two a slight increase meaning the first half (August 25-September ) is trending toward warmer and drying and the second half (September 9-September 25) trending toward warmer and wetter.
	Most important to this case, weather variables such as temperature and precipitation coincide each fall with socio-economic (gas prices, wages, costs of living) and political ones (hunting regulations) to result in environmental and social conditions that can negatively affect moose and subsistence moose hunting for the natural resource-dependant Koyukuk-Middle Yukon communities (Western Interior Regional Advisory Council (WIRAC) transcripts October 2005). In particularly warm years, such as the autumns of 2005-2007 moose movements occur later in Interior Alaska shifting the season and the “window of opportunity” for harvest later in terms of prime hunting conditions for moose harvest success. The three falls of 2005-2007 provide a good analogue for understanding how unusually warm falls create a “closing window” of opportunity for subsistence hunters, and how this could have serious consequences with continued warming trends into the future (McNeeley 2009 and McNeeley and Shulski, in preparation).
	Low precipitation in late August and early September results in low water levels making access to important hunting grounds via rivers and sloughs more difficult. Heavy precipitation later in September is undesirable because, while it helps to bring up water levels, too much rain during hunting complicates hunters’ ability to keep hunting equipment and meat dry. The best conditions for successful moose hunting are cool and dry, which is what hunters were used to in past decades. Now September is warmer and wetter, shifting the season later and affecting ability to harvest moose in time before the legal hunting season ends. This “closing window” is condensing the time that hunters can successfully harvest moose within the legal regulatory time frame (ibid).


Discussion - Low Exposure/High System Sensitivity
	Because of the importance of successful moose harvest to the food security of the communities in the region this makes them highly sensitive to changes in their environment that affect the moose and moose harvest. The social-ecological system experiences a relatively low exposure to climate disturbance in the early fall, but has a very high sensitivity, and therefore, increased vulnerability in terms of how the climatic shift negatively impacts the system by affecting harvest success and overall community/regional food security. Climate vulnerability research often focuses more on the exposure side of a society’s exposure/sensitivity matrix, but this case demonstrates the importance of social-ecological sensitivity where a seemingly small exposure can have serious consequences. This highlights the importance of integration of disciplines in climate research. It is through working closely with multiple stakeholder groups in the region and integrating IC with western social and natural sciences that I was able to identify key vulnerabilities resulting from multiple stressors and the high sensitivity to fall seasonality shift due to climate change in this system.
Importance of Recognizing both Climate Variability and Change
	Perhaps the most important message regarding fall warming and regional impacts on moose hunting is that warming is not linear, the climate system is highly variable and uncertain, and, while the warming trend is likely to continue according to climate model projections, some years will still be more “normal” or favorable to successful moose harvest, and some will be colder than normal. It is important to recognize both climate variability and climate change when devising solutions, as such avoiding a “preparedness paradox” where adjustments are made in a rigid fashion to warmer conditions, which have unintended consequences or catch people off guard when cool conditions return (McNeeley 2009). A lack of this type of understanding and knowing how to integrate these considerations into preparing for upcoming harvest seasons as well as planning for subsistence management and policies is one of the multiple barriers to sustainable adaptation.
Barriers to Sustainable Adaptation
	It is a very complicated dual Alaska state and United States federal wildlife management system within which KMY region hunters must respond. The system suffers from a complexity and rigidity that is not well suited to the needs of local hunters or agency managers in responding to the fall seasonality shift. It is a system where government agency managers must make decisions with large gaps in a) knowledge about climate affects on moose populations and behavior, and b) a harvest reporting system that has major shortcomings for the needs of managers (McNeeley 2009). This is a system that constrains necessary flexibility or the “room to maneuver” in both political and physical space of local stakeholders (Thomas & Twyman 2005). It is also a system that would benefit from more attention to the social life of subsistence that includes community mechanisms for the sharing and distribution of food and resources as well as particular patterns of hunting practices whereby around 40% of the households in the KMY region provide for approximately 90% of the households who consume moose (Brown et al 2004).
	Regulations have changed significantly since 2000 with the implementation of the Koyukuk River Moose Management plan (Alaska Department of Fish and Game 2001). However, while on the one hand nonlocal hunting has decreased as a result of the creation of drawing permits for trophy hunters, on the other hand, local subsistence hunters feel they have been increasingly regulated and no longer have enough opportunity to meet their needs for subsistence, especially in years when there is an unusually warm fall. One effect this has is the eroding of social and institutional capital because of a lack of trust between KMY communities and agency regulators. It also creates an increasingly complex regulatory system that becomes more cumbersome and slower to respond to the rapid pace of social-ecological and climatological changes. Because of these barriers for sustainable adaptation to fall seasonality shift, new and innovative ideas for creating a more flexible, responsive system are necessary.
Conclusion 
	This research demonstrates a complex system where the effects of vulnerability to climate change depend on the convergence of social-ecological and climatological variables in a given space and time. The relative and dynamic combination of social, ecological, and climatological variables determine vulnerability and response capacity from year to year. High inter-annual variability in Interior Alaska adds to the uncertainty of how vulnerability will manifest at any given time. The integration of both weather station data and indigenous observations and understanding about climate (IC) provide invaluable insights and evidence of seasonality changes and shifts in each season of the year in the Koyukuk-Middle Yukon (KMY) region (McNeeley 2009). The ethnographic, participatory approach employed for this research revealed multiple layers of understanding that could never be discovered with a conventional single disciplinary, scientific approach. The ongoing experimental and flexible nature of this vulnerability and adaptive capacity assessment allowed for the research to evolve as conditions changed over time, thereby keeping it vital and relevant to stakeholders in addition to contributing to the academic understanding of climate change. Instead of creating a set of indicators to quantify vulnerability I used what can be meaningfully quantified - i.e., temperature and precipitation records to establish trends and as determinants of seasonality shifts– but within a larger assessment of vulnerability which includes a range of qualitative sources of information and understanding. It is extremely difficult to arrive at any precise, quantitative measure of vulnerability given its relative and dynamic nature and a limited amount of meaningfully quantifiable data in such a remote, sparsely populated area.
	Wise use of a variety of methods, observations, and ways of knowing provide a baseline understanding against which future assessments can build and compare. Given projections for a continued warming trend (Walsh 2009), we can ascertain that the recent years of warming provide a good analog for how future warming will impact moose and moose hunting, and therefore, will very likely increase vulnerability of the Koyukuk-Middle Yukon region if other strategic adaptive measures are not implemented to address food insecurity. If the season continues to shift and the window of opportunity closes even more, it could close altogether where no moose can be harvested without potentially causing conflict or more pressure to take moose at times less desirable for sustaining the population. This is an extreme scenario, but is one worth serious consideration for sustaining livelihoods in the region, especially given the important role of moose in providing food security for residents. At present, there is no affordable or culturally acceptable substitute available in enough quantity to make up for what moose meat provides in annual caloric and protein needs of the human population.
	Vulnerability over a certain time period will have some constants, but, given the dynamic nature of social-ecological systems, any analysis provides only a snapshot in time. During the initial interview period 2004-2005, certain issues arose as seemingly more important at that time (e.g., lake drying). However, between the years of 2005 to 2007 it was an especially warm time period for early autumn temperatures, and, through the collaborative and iterative stakeholder process with local indigenous observers and agency scientists and managers, we collectively identified the fall moose hunt as the key “window of vulnerability” to climate change. It was a convergence of multiple stressors such as socio-economic and regulatory changes along with changing climatic conditions that resulted in this dynamic change. Therefore, the “window of vulnerability” or “window of opportunity” changes depending on how these linkages and dynamics vary and change across both time and space.
	Climate model projections indicate that climate change will continue into the future and cause seasonality shifts in Interior Alaska with the fall season experiencing some of the most intense warming (Walsh 2009). Seasonality shifts over the last two decades have already impacted moose harvest success in the Koyukuk-Middle Yukon region, which has resulted in vulnerability of the communities who live there through food insecurity. It is in the best interest of all stakeholders to recognize the shared goal of sustainable ecosystem services and livelihoods and to strategize to build adaptive capacity through strengthening social and institutional capital and resources and the implementation of flexible wildlife and subsistence management policies.
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