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Generalizable principles for ecosystem stewardship-based management of
social-ecological systems: lessons learned from Alaska
Winslow D. Hansen 1
ABSTRACT. Human pressure could compromise the provision of ecosystem services if we do not implement strategies such as ecosystem
stewardship to foster sustainable trajectories. Barriers to managing systems based on ecosystem stewardship principles are pervasive,
including institutional constraints and uncertain system dynamics. However, solutions to help managers overcome these barriers are
less common. How can we better integrate ecosystem stewardship into natural resource management practices? I draw on examples
from the literature and two broadly applicable case studies from Alaska to suggest some generalizable principles that can help managers
redirect how people use and view ecosystems. These include (1) accounting for both people and ecosystems in management actions;
(2) considering historical and current system dynamics, but managing flexibly for the future; (3) identifying interactions between
organizational, temporal, and spatial scales; (4) embracing multiple causes in addition to multiple objectives; and (5) acknowledging
that there are no panaceas and that success will be incremental. I also identify next steps to rigorously evaluate the broad utility of
these principles and quickly move principles from theory to application. The findings of this study suggest that natural resource
managers are poised to overcome the barriers to implementing ecosystem stewardship and to develop innovative adaptations to socialecological problems.
Key Words: Alaska; bark beetle outbreak; ecosystem disservices; ecosystem services; ecosystem stewardship based management strategies;
Kenai Peninsula; king salmon; regime shift; resilience; social-ecological systems; transformation; wildfire; Yukon River drainage
INTRODUCTION
People born 100 years from now are apt to have qualitatively
different relationships with ecosystems if current trajectories of
human-environment interaction persist (Rockström et al. 2009).
Human use of ecosystems has led to accelerating rates of change
(Vitousek et al. 1997, Foley et al. 2005, Barnosky et al. 2012) that
increasingly threaten ecosystem services (Box 1; Daily et al. 1997),
such as carbon sequestration, diminished soil fertility, and
reduced availability of clean water and energy (Carpenter et al.
2009, Chapin 2009, Rockström et al. 2009). Loss of ecosystem
services may compromise the resilience of social-ecological
systems (SESs) and, thus, the economic, mental, and physical wellbeing of future generations (Mooney et al. 2009, Ehrlich et al.
2012). Here, I explore how natural resource managers could help
redirect relationships between people and the environment toward
sustainable outcomes, drawing on the literature and two broadly
applicable case studies from Alaska: managing human-wildfire
interactions on the Kenai Peninsula and the conservation of
Yukon River king salmon (Oncorhynchus tshawytscha).
As resilience is compromised, SESs often respond nonlinearly,
reaching critical thresholds at which regime shifts are triggered
(Folke et al. 2009, Olsson et al. 2010). When regime shifts occur,
systems swing to a profoundly different, and potentially
unwanted, state that is then stabilized by different positive
feedbacks (Scheffer et al. 2001, Biggs et al. 2009). Once stabilized,
regime shifts are hard to reverse (Scheffer 2009). Strategies to
foster resilience and redirect SESs toward trajectories of
sustainable human-environment interaction are still in
development. Resilience-based ecosystem stewardship (ES) is one
promising approach (Chapin 2009, Walker et al. 2002). ES is a
framework for holistically managing systems to sustain their longterm capacity to provide multiple ecosystem services that can
support equitable human well-being under conditions of
uncertainty and change (Chapin et al. 2010, 2011).
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Box 1. Glossary
Ecosystem services: Benefits provided to people by ecosystems.
Ecosystem stewardship (ES): Holistic framework, based on
proactively shaping change, that focuses on sustaining ecosystems
to maintain their long-term capacity to provide services under
social-ecological conditions of uncertainty and change.
Generalizable principle: Strategic element to help guide the
effective implementation of a management strategy or approach.
Regime shift: Nonlinear, profound shifts in a system to a
qualitatively different state that is difficult to reverse.
Resilience: Capacity of a system to tolerate disturbance without
shifting to a qualitatively different state that is controlled by a
different set of processes.
Social-ecological system (SES): A complex adaptive system, in
which people rely on ecosystem services and are key drivers of
ecosystems.
Sustainability: Using ecosystem services to meet the needs of
people today without compromising the ability of future
generations to meet their needs.

Natural resource managers often mediate interactions between
people and the environment at local to regional scales. They may
be a promising group to foster broader use of ES by implementing
ES-based management strategies. Resource management
paradigms increasingly value multiple ecosystem services (Chapin
et al. 2010). However, strategies still often focus on meeting targets
based on historical conditions (Chapin 2009, 2010). In a rapidly
changing world, successfully implementing ES management will
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Fig. 1. Press-pulse dynamics conceptual framework (Collins et al. 2011), adapted to reflect context and scales of
Alaskan case studies. In the framework, press- and pulse-ecosystem drivers shape ecosystem structure and
function, which determine the quality and quantity of ecosystem services and disservices provisioned. Tradeoffs
between services and disservices shape human wellbeing, which dictates environmental policy and natural
resource management goals.

require shifting toward proactive governance that embraces and
shapes change while also preparing for the unpredictable (Chapin
et al. 2010). Numerous barriers to shifting toward ES
management have been identified, such as system complexity,
human agency, mismatches in social and ecological scales,
differing human values, and power inequities (Walker et al. 2002,
Chapin et al. 2006, Olsson et al. 2010, Cumming et al. 2013).
Solutions and innovations are less common. Thus, developing
new strategies and principles to help managers surmount current
barriers is of critical importance.
How can we better integrate ES principles into current
management practices? Building on the Ecological Society of
America’s Sustainable Biosphere Initiative (Lubchenco et al.
1991), principles of ES (Chapin et al. 2009a, 2010, 2011) and
social-ecological transformation (Olsson et al. 2006, Olsson et al.
2008, Chapin et al. 2012), and the press-pulse dynamics
conceptual framework (Collins et al. 2011), I conducted two case
studies of natural resource management issues in Alaska to (1)
identify current barriers to ES management and (2) suggest a set
of generalizable principles, based on these case studies and
supported by the literature, to help managers overcome barriers.
I focus on Alaskan case studies because climate change is
magnified at high latitudes. Thus, northern systems may serve as
environmental windows into the future for others (Serreze et al.
2000). Further, throughout Alaska and Canada, there is
widespread recognition of the important connection between the

environment and human well-being (Chapin et al. 2006, Kofinas
et al. 2010, Brinkman et al. 2013, Hansen et al. 2013a). Agencies
have a long history of experimenting with resource-management
strategies (Ginter 1995, Kendrick 2003, Ruckelshaus et al. 2008,
Armitage et al. 2011). However, many management issues in
Alaska, particularly management of human-wildfire interactions
and conservation of king salmon, are similar to pressing concerns
in other locations, such as wildfire management in the Rocky
Mountains and the numerous species for which conservation is a
concern throughout the United States (Martinuzzi et al. 2013,
Stephens et al. 2013).
CONCEPTUAL FRAMEWORK
The press-pulse dynamics conceptual framework is generalized
and scalable. It is designed to flexibly foster integrated socialecological study of environmental change in a wide variety of
contexts (Collins et al. 2011). I adapted the press-pulse framework
to reflect characteristics and scales important in my case studies
(Fig. 1; Ostrom et al. 2007, Ostrom and Cox 2010). Natural and
human drivers of ecosystem structure and function are often
characterized as presses or pulses (Folke et al. 2005, Ives and
Carpenter 2007, Smith et al. 2009, Collins et al. 2011). Pressecosystem drivers cause incremental ecological change that adds
up over time. Pulse-ecosystem drivers occur less frequently,
suddenly, and often unpredictably. In interior Alaska, mean
annual temperature, an important press, increased 3°C over the
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last 60 years (Chapin et al. 2014). As a result, wildfires, a key pulse
in Alaska, have become more frequent and larger (Weber and
Flannigan 1997, Flannigan et al. 2009, Kasischke et al. 2010).
Interactions between these press- and pulse-ecosystem drivers
may already be triggering regime shifts in Alaskan SESs,
fundamentally altering postwildfire forest regeneration, species
assemblages, and local food systems (Johnstone and Chapin 2006,
Chapin et al. 2008, Johnstone et al. 2010, Kofinas et al. 2010,
Mann et al. 2012).

(Fig. 2; Berg and Anderson 2006, Sherriff et al. 2011). Outbreaks
have occurred approximately once every 50 years for at least the
last 250 years (Berg and Anderson 2006, Berg et al. 2006). A series
of warm summers led to a SBB outbreak of unprecedented size
in the 1990s (Table 1; Berg et al. 2006). More than a million
hectares of mature white spruce (Picea glauca) and Lutz spruce
(Picea lutzii) were affected and 30 million trees were killed per
year (Berg et al. 2006, Werner et al. 2006).

Ecological change influences the provision of ecosystem services
that support human well-being (Fig. 1; Daily et al. 1997,
Millennium Ecosystem Assessment 2005). Many Alaskans rely
on ecosystem services like fish and game for affordable protein,
strongly contributing to food security and cultural identities
(Loring and Gerlach 2009, 2010, McNeeley and Shulski 2011).
Well-being, however, is often not determined just by ecosystem
services. Trade-offs can sometimes occur between the benefits of
services and costs of disservices (Hansen and Naughton 2013).
Ecosystem disservices are consequences of ecological processes
that detract from human well-being (Weitzman 1994,
Mendelsohn and Olmstead 2009). Trade-offs between ecosystem
services and disservices determine incentives and subsequently
induce behaviors that shape people’s relationship with the
environment. Society has developed social institutions to manage
such trade-offs (Beier et al. 2009, Trainor et al. 2009). These
institutions create environmental policy that tries to minimize the
costs of ecosystem disservices and ensure continued provision of
ecosystem services. Managers are tasked with implementing those
policies and must operate within the established bounds of the
institution they are a part of.

Fig. 2. Maps of the Kenai Peninsula Alaska, including the
Kenai National Wildlife Refuge. Map A depicts spruce bark
beetle (Dendroctonus rufipennis) outbreak perimeters from
1989-2000. Map B depicts wildfire perimeters from 1940-2010.

METHODS
I applied the press-pulse dynamics conceptual framework to
characterize two natural resource management issues in Alaska.
These cases were chosen for their broad applicability to current
management concerns across North America, as well as personal
research experience in each case. For a detailed description of
methods, see Brinkman et al. 2013, Hansen 2013, Hansen and
Naughton 2013, and Hansen et al. 2013b. Both management of
wildfire following bark-beetle outbreaks on the Kenai Peninsula
and the conservation of Yukon River king salmon are prominent
issues garnering regional, national, and international attention.
As a result, there are several peer-reviewed publications and
government reports on each case. In each case study, I triangulated
among all available sources of information (Baumgärtner et al.
2008, Yin 2009), analyzing peer-reviewed papers, newspaper
articles, government reports, and agency press releases. Many are
cited in this paper. This information was used to identify the pressand pulse-ecosystem drivers in each case, their associated
ecological effects, influences on ecosystem services, and
subsequent management actions. I found no major
inconsistencies in the information used for triangulation.
RESULTS
Spruce bark beetles, wildfire, and people on the Kenai Peninsula,
Alaska
Spruce bark beetle (SBB; Dendroctonus rufipennis) outbreak, a
pulse-ecosystem driver, is a prevalent natural disturbance in
forests of the western Kenai Peninsula in south-central Alaska

The SBB-outbreak pulse markedly changed both ecosystem
structure and function (Table 1). Old-growth spruce trees dropped
their needles, forest canopies opened, understories dried, and
snags fell (Schulz 1995, 2003). In some postoutbreak stands
Calamagrostis canadensis, a native boreal early-succession grass,
dominated (Lieffers et al. 1993, Holsten et al. 1995, Boucher and
Mead 2006). It formed a thick mat of dead organic matter, or
litter, that continues to hinder the establishment of white-spruce
seedlings and has extended the grass’s period of ecological
dominance (Lieffers et al. 1993). Calamagrostis often grows to 1.5
m tall and is highly flammable, particularly before green-up and
during senescence (Holsten et al. 1995, Schulz 1995).
Wildfires, another pulse-ecosystem driver, also occur in southcentral Alaska and play a critical role in shaping ecosystem
structure and function (Table 1 and Fig. 2; Berg and Anderson
2006, Morton et al. 2006). As a result of the SBB outbreak, Kenai
Peninsula residents have been concerned that ecological change
(i.e., Calamagrostis spread and increased/drier fuel loads),
interacting with the press of warming climate, could cause larger,
more frequent, and severe wildfires that threaten public safety,
which is an ecosystem disservice (Flint 2006). In response, a
committee of federal, state, local, and Native-lands natural
resource managers was established to address this fire risk.
Members developed the All Lands/All Hands Action Plan, and
subsequent efforts focused on (1) improving wildfire suppression
and firefighter safety through better agency coordination and
improved firefighter resources, (2) developing homeowner fire-
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Table 1. Press- and pulse-ecosystem drivers, feedbacks, ecological change, ecosystem services, disservices, and associated management
actions on the Kenai Peninsula, Alaska. SBB = spruce bark beetle (Dendroctonus rufipennis).
Ecosystem Driver

Press

Pulse

Feedbacks to other
ecosystem drivers

Ecological change

Ecosystem Service

Ecosystem
Disservice

Management Action

SBB Outbreak

Yes

Increases wildfire
risk.

Improves views of
Cook Inlet.

Increases wildfire
risk.

Community education
and outreach.
Salvage logging.

Wildfire

Yes

Increases CO2
emissions.

Forest cover
Reduced.
Fuel loads
dry.
Calmagrostis spreads
and dominates.
Initiates ecosystem
succession.

Improves views of
Cook Inlet.
Reduces perceived
risk of future fire.

Property damage.
Personal harm.

Wildfire suppression.
Mechanical thinning.
Community outreach
and education
(Firewise).
Some prescribed
burning.

Risk of escaped
wildfire reduced.

Wildlife habitat
lost.
Increases SBB
outbreak risk.

Community outreach
and education.
Mechanical thinning.
Some prescribed
burning.

Climate Change

Yes

Semirural
residential
expansion

Yes

Increases SBB
outbreak.
Increases wildfire
risk.
Natural wildfires
suppressed
in Kenai National
Wildlife Refuge.

Dries fuel loads.

Fuel loads buildup.
Early succession
forests lost in
wilderness.

wise education and outreach programs, (3) incentivizing
defensible space on private land, (4) reducing fuels on public land,
(5) restoring ecosystems, (6) and supporting initiatives for firesensitive land-use planning. Many elements of the All Lands/All
Hands plan were effective. In 2005, approximately 1500 hectares
of hazardous fuels were strategically removed. Although 2005
was a record fire year, no homes burned, which was attributed to
fuel-reduction treatments.
Despite successes, key challenges still hinder aspects of
postoutbreak wildfire management. Consequences of pressing
climate change for ecosystem processes and post SBB-outbreak
fire regime are poorly understood, making it difficult to develop
management strategies that are robust to future conditions.
Additionally, managers of the Kenai National Wildlife Refuge, a
member of the All Lands/All Hands group, face tough decisions
regarding the suppression of natural, i.e., lightning-caused,
wildfires in designated wilderness, despite their ecologically
critical role (Morton et al. 2006). The press-ecosystem driver of
population expansion on the Kenai Peninsula, few egress routes,
and public pressure to suppress wildfire limit the refuge’s ability
to allow natural wildfires to burn (Table 1; Morton et al. 2006).
Residential development is pronounced in semirural land abutting
the refuge (Fig. 2), and home densities are equivalent to those in
areas of the Intermountain West in the continental United States
(Kenai Peninsula Borough 2012). Many homes are located along
roads built for post SBB-outbreak salvage logging, in places where
fire risk is higher (Berg 2000, Hansen 2013).
Understandably, residents are concerned about personal safety
and property damage due to wildfire, a clear ecosystem disservice.
However, this residential area is also attractive to some
homeowners because of the ecosystem services that are directly
provisioned as a consequence of the SBB outbreak and

subsequent wildfires. For example, the occurrence of a wildfire
or SBB outbreak close to homes was associated with increased
property values, likely resulting from improved views of Cook
Inlet (Fig. 3; Hansen and Naughton 2013). Thus, the ultimate
effects of these ecosystem drivers on human well-being are
nuanced and unclear. Applying the adapted press-pulse
framework to management of natural disturbances on the Kenai
Peninsula helped demonstrate how coordination between
Fig. 3. Semirural home in south-central Alaska abutting the
Kenai National Wildlife Refuge. In this area, sprucce bark
beetle (Dendroctonus rufipennis) outbreak and wildfires have
opened up views of Cook Inlet, potentially explaining the
associated increases in property values. Photo credit: W. D.
Hansen, edited by: A. Olsson
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Table 2. Press- and pulse-ecosystem drivers, feedbacks, ecological change, ecosystem services, disservices, and associated management
actions in the Yukon River drainage, Alaska. King salmon (Oncorhynchus tshawytscha).
Ecosystem
Driver

Press

King salmon
migration

Climate change

Ocean bycatch

Pulse

Feedbacks to other
ecosystem drivers

Yes

Yes

Reduces king
salmon survival.

Yes

Reduces king
salmon survival.

Ecological Change

Ecosystem Service

Provides nutrient
subsidy to terrestrial
and freshwater systems.

Accessible protein
source.
Defines cultural
livelihoods.

Reduces river depth.
Increases river-water
temperature.
Alters river-prey
distributions and flow
regimes.
Uncertain ocean
impacts.
Reduces salmon
nutrient subsidy.

different natural resource agencies can lead to more effectively
managing the consequences of interacting press- and pulseecosystem drivers. It also highlights how paradoxical outcomes
that arise from counterintuitive trade-offs between ecosystem
services and disservices can constrain institutions, making it
difficult to develop effective and widely embraced strategies.
Yukon River king salmon management
The Yukon River drainage (YRD) is the fourth largest in North
America and extends more than 3200 km from western Alaska
to the river’s origin in the Yukon Territory, Canada (Fig. 4). The
YRD encompasses approximately 850,000 km². More than 50
communities dot the riverbanks. Most communities are rural and
predominately indigenous. They are often only accessible by
plane, snowmobile, or barge. Commercial goods are expensive,
even by Alaskan standards (Loring and Gerlach 2009); and mean
per capita income for Alaska Natives is approximately $16,000 in
2012 inflation-adjusted U.S. dollars (U.S. Census Bureau 2014).
YRD residents rely on the harvest of wild foods, i.e., ecosystem
services, from the river and watershed, as they have for thousands
of years. Fifty-seven percent of required calories come from wild
foods in the Yukon-Koyukuk region (Wolfe 2000).
In summer, king salmon and chum salmon (Oncorhynchus keta),
a pulse-ecosystem driver, migrate from the ocean up the Yukon
River and tributaries to spawning grounds. They lay eggs, which
are fertilized in the gravel, and die (Table 2). The carcasses of the
adult salmon decompose, providing a nutrient subsidy to the
terrestrial and fresh-water ecosystems. The next generation of
salmon emerges and slowly returns to the ocean, overwintering
in the river (ADF&G Chinook Salmon research Team 2013).
Salmon make up a substantial portion of the wild foods that are
harvested in the YRD (Hansen et al. 2013b). This food source is
a critical ecosystem service and plays a central role in food security
(Table 2). It has been estimated that salmon make up as much as
59% of the total annual harvest of fish and game in the YRD
(Brown and Jallen 2012). Families often stay at summer fish camps
where salmon are caught and processed.

Ecosystem
Disservice

Management Action

Reduces available
king salmon for
harvest.

Eliminate commercial
harvest.
Reduce subsistence
harvest.
Research causes of
salmon decline.

Reduces available
king salmon for
harvest.

Eliminate commercial
harvest.
Reduce subsistence
harvest.
Research causes of
salmon decline.

Fig. 4. Map of the Yukon River Drainage and communities.

The fish are either consumed or sold commercially. Salmon have
been sustainably harvested in the YRD for generations. However,
in 1998, the king salmon population crashed, and runs have
remained substantially smaller. The reasons for the crash are
unclear. Salmon spend part of their life in the river system, where
water temperatures are warming, flow regimes are changing, and
prey distributions are shifting because of climate change, a pressecosystem driver (Table 2; ADF&G Chinook Salmon Research
Team 2013). They spend the rest of their lives in the ocean, where
our understanding of the factors that affect salmon survival and
how those factors are changing is incomplete. Further, pulses of
commercial bycatch in the ocean are pronounced (Table 2; Stram
and Evans 2009). A mean of 23,290 and 38,245 king salmon per
year have been accidentally caught in the Gulf of Alaska and
Bering Sea/Aleutian Island commercial groundfish fisheries,
respectively, over the last 15 years (NOAA Fisheries 2014).
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Following the crash, state and federal agencies were tasked with
conserving king salmon while still meeting people’s food needs.
Managers have struggled to find a sustainable balance and meet
their objectives with this mandate (Loring and Gerlach 2010). A
treaty with Canada was signed in 2001 establishing a commitment
to annually meet king salmon escapement goals, i.e., the number
of salmon that must migrate across the Alaska/Canada border to
ensure population persistence. Salmon are managed to first meet
these escapement requirements and only then to provide for
harvest. As runs remained small, managers implemented
conservation measures such as subsistence fishing closures and
eliminating the commercial fishery (ADF&G Chinook Salmon
Research Team 2013). Recently, managers asked fishers to
voluntarily reduce their king salmon harvest to 25% of normal
catch. However, in 2007, 2008, 2010, 2012, and 2013 escapement
goals were not met. Conservation measures to meet escapement
have sometimes constrained local harvest, threatening food
security (Loring and Gerlach 2010).
One key barrier to successfully balancing community need with
conservation has been that king salmon are challenging to study
(ADF&G Chinook Salmon Research Team 2013). It is hard to
manage any system when you do not know where, when, or why
a problem is occurring. Both the river and ocean systems are
complex, with many interacting drivers, making it difficult to
develop sustainable solutions that address root causes.
Conservation measures are implemented based on within-year
monitoring and the best modeling of salmon-population
dynamics possible. However, because of the incomplete
understanding of factors affecting king salmon populations,
model uncertainty can be large. In 2009, midseason run
projections led to concern that escapement goals would not be
met, and widespread fishing closures were implemented. In the
end, escapement goals were exceeded by 12,000 fish that could
have been harvested by residents (Loring and Gerlach 2010).
Despite challenges, novel adaptations have arisen. In 2001, the
Kwik’Pak Fisheries Corporation was established, representing six
lower-YRD communities. Initially, they commercially marketed
king salmon. Because of the crash, Kwik’Pak transitioned to
marketing Yukon chum. In other rivers, chum are poorer quality
than king salmon. Because of the long journey Yukon chum
endure, their oil content, which provides energy for the long
journey and is a measure of quality, rivals that of king salmon
from other river drainages. Working with Kwik’Pak, managers
and fishers collaboratively developed techniques that allow safe
harvest of chum while avoiding king salmon. Fishers often use
fish wheels (Fig. 5) and monitor to ensure that any caught king
salmon are immediately released alive. In 2012, Kwik’Pak
Fisheries employed 542 people in their organization and took
deliveries from 442 fishers. Characterizing YRD king salmon
conservation with the press-pulse framework helped to illustrate
challenges of managing complex systems with multiple, poorly
understood ecosystem drivers, particularly when mandated
objectives require balancing the provision of important
ecosystem services with more ecologically centered goals such as
species conservation. However, it also shows that proactive
thinking and cooperation, when flexibility is permitted, can yield
innovative adaptations, despite system complexity and conflicting
interests.

Fig. 5. Fish wheel used by Yukon River fishers to catch king
(Oncorhynchus tshawytscha) and chum (O. keta) salmon. Photo
credit: K. Kielland, edited by: A. Olsson

DISCUSSION
I adapted and applied the press-pulse SES framework (Collins et
al. 2011) to conduct case studies characterizing natural resource
management issues in Alaska. The framework helped identify
some key press- and pulse-ecosystem drivers in each system,
determine interactions between drivers, link drivers to their
associated ecological changes and subsequent social consequences,
and elucidate management actions. Using this framework was
valuable for revealing both current barriers to implementing ES
management and innovative adaptations that could serve as
models for solutions in other contexts.
Barriers to ecosystem stewardship management
Institutional constraints dictating the goals or terms of
management were a barrier to implementing ES management in
the Alaskan case studies. For example, on the Kenai Peninsula,
the provision of ecosystem services such as pleasing views has
fostered residential growth in high fire-risk areas. This growth
constrains managers from allowing natural wildfires to play their
ecologically critical role. Institutional constraints, either dictated
by the public or from within the organization, are a common
barrier to innovative management (Olsson et al. 2004, Beier et al.
2009). Nevertheless, transformation that ameliorates institutional
constraints and fosters flexibility can occur (Olsson et al. 2004,
Westley et al. 2011). For example, overharvesting, increasing
sediment runoff, and changing climate were degrading the
Australian Great Barrier Reef. In 1998, this stimulated
reorganization of the institutions tasked with the reef’s
management (Olsson et al. 2008). However, many factors in
addition to environmental crises often must come together
synchronously to trigger transformative institutional change
(Olsson et al. 2004). In the Great Barrier Reef example, alarming
reef degradation coincided with large turnovers of agency
personnel, which facilitated internal reorganization; a successful
information campaign that changed perceptions of the reef’s
condition; and the opening of a narrow political window of
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opportunity to get parliament approval for agency reorganization
(Olsson et al. 2008). Although environmental crises could become
increasingly common, opportunities to remove institutional
constraints through transformation are likely to remain rare
because of mismatching spatial, temporal, and organizational
scales between social and ecological systems (Cumming et al.
2006). Instead, successfully implementing ES management may
require more incremental approaches that explicitly acknowledge
and account for the institutional boundaries within which
managers must operate.
An additional barrier to implementing ES management in the
Alaska case studies was an incomplete understanding of the pressand pulse-ecosystem drivers at play. In particular, current
management of declining king salmon runs is greatly constrained
by not knowing what is causing reductions in populations. By
definition, SESs are complex and unpredictable. Emergent
properties are prevalent and surprises are likely to persist (Holling
2001, Doak et al. 2008). However, the foundation of resource
management is accurately anticipating the consequences of
decisions (Führer 2000, Clark et al. 2001). Thus, agencies often
manage systems for specific outcomes by monitoring and
manipulating a single or small set of well-understood variables.
Confounding variables such as incremental climate change may
garner less attention or not be incorporated into decision-making
frameworks, but can unpredictably alter expected consequences
of management actions (Polasky et al. 2011). Social-ecological
outcomes are often determined by surprising interactions between
many variables. Implementing ES management will require
shifting away from a command-and-control mentality to one that
embraces the inevitability of persisting uncertainty and finds ways
to foster innovation through flexibility.
Generalizable principles
As we enter the Anthropocene, strategies to foster resilience and
redirect SESs toward trajectories of sustainable humanenvironment interaction are of critical importance. Natural
resource managers could play a central role in shaping sustainable
trajectories. However, as identified in the Alaskan case studies
and throughout the literature, key barriers hinder the
implementation of ES management. I posit some generalizable
principles, or strategic elements, based on the Alaskan case studies
and examples from the broader literature that may help managers
overcome these barriers (Table 3; Walters and Holling 1990,
Walker et al. 2002, Ostrom 2007, Carpenter et al. 2009, Turner et
al. 2012). Principles for ES exist, largely focusing on
transformative change or providing guidance at planetary scales
(Chapin et al. 2010, 2011). In complementary fashion, principles
presented here are meant to facilitate the use of ES management
by managers at more local scales when transformative
institutional change is unlikely.
Spend equal time thinking about both the ecosystem and the
people who will affect and be affected by management decisions
Human well-being and ecosystems are inextricably linked (Liu et
al. 2007). As ES management is implemented, affected people will
be the ones who hold managers accountable. It is critical to
balance a rigorous understanding of the ecological impacts of a
management action with identification of key stakeholder groups
and determining how those groups are likely to perceive that
action. Effective ES management is possible if we look for win-

win solutions that are perceived as good for people and good for
the ecosystem, or compromises that minimize negative trade-offs
between the two.
Table 3. Generalizable principles to foster ecosystem stewardshipbased natural resource management, particularly at local scales
when transformative institutional change is unlikely.
Generalizable Principle

Characteristic

Account for people and ecosystems in
management actions

Human-nature
interactions

Consider historical and current system
dynamics, but manage flexibly for the
future

Resilience

Identify interactions between
organizational, temporal, and spatial scales

Cross-scale interactions

Embrace multiple causes in addition to
multiple objectives

Multiple causation

Acknowledge there are no panaceas;
success will be incremental

Incremental success

The win-win solutions are often hard to determine. How
stakeholders weigh the perceived consequences of management
actions is based on sometimes-paradoxical trade-offs between
benefits of affected ecosystem services and costs of disservices
(Fig. 1). The consequences of natural disturbances are often
thought to negatively affect people living nearby. However,
disturbances ranging from insect outbreaks to wildfire can also
have counterintuitive, positive effects on human well-being
(Holmes et al. 2006, Donovan et al. 2007, Hansen and Naughton
2013). For example, on the Kenai Peninsula, the occurrence of
nearby wildfires was associated with increases in semirural
property values, likely because of the emergence of aesthetically
pleasing views (Hansen and Naughton 2013). Fire managers on
the Kenai Peninsula may bolster support for prescribed fire, used
to create firebreaks that would allow natural wildfire to burn
safely (Kenai National Wildlife Refuge Fire Management Staff
2001), if they design treatments to enhance residential views.
Consider historical and current dynamics, but manage flexibly for
the future
Managing for resilience and avoiding regime shifts will require
characterizing past dynamics to help maintain and enhance
characteristics of current SESs. ES management should bolster
current diversity, foster adaptive capacity, and encourage the
protection of and investment in natural, social, and human capital
(Chapin et al. 2009b). However, implementing ES management
also requires proactive governance that accounts for and
embraces future changes (Magness et al. 2012, Turner et al. 2012).
We must identify social and ecological indicators of system
dynamics and begin to rigorously collect data on indicators
(Turner et al. 2012). These data will improve our current
understanding and narrow the range of plausible futures, helping
to characterize the nature of changing systems and encouraging
more proactive, flexible governance. In the YRD, collection of
some valuable indicators, including the availability and past
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harvest levels of other fish and game species, and the amount of
groceries purchased, could inform more flexible strategies. This
would help managers better assess the potential for resource
substitutions to ameliorate food insecurity resulting from kingsalmon conservations measures (Hansen et al. 2013b). On the
Kenai Peninsula, data on postwildfire and post-SBB outbreak
forest regeneration would provide insights into likely forestsuccession trajectories and associated feedbacks to future
disturbance regimes (Turner et al. 2012).
Identifying and collecting data on key indicators will require that
we use the best science when it is available, but not be paralyzed
by inaction when scientific knowledge is incomplete. Although
science should play a central role in characterizing systems and
can help facilitate proactive governance, gaps in our conceptual
understanding of SESs persist. Critical advancements have also
been made based on the practical experience of natural resource
managers in scientifically uncertain conditions. For example, the
All Lands/All Hands group has invested resources to understand
postwildfire Calamagrostis dynamics and have experimented with
forest restoration techniques. Integrating science with
practitioner experience will provide the most comprehensive
foundation for ES management (U.S. Forest Service 2010).
Identify interactions between organizational, temporal, and
spatial scales
In SESs, system properties often result from interactions between
drivers operating at different hierarchical organizational, spatial,
and temporal scales (Redman et al. 2004). In the YRD, meeting
escapement requirements to Canada is predicated on drivers that
affect salmon survival and recruitment in both the Canadian and
Alaskan portions of the YRD, as well as drivers acting thousands
of kilometers away in the Bering Strait (ADF&G Chinook
Salmon Research Team 2013). Managers on the Yukon River may
have little conservation success if they do not account for
pressures in the marine component of salmon life history.
Implementing ES management will require consideration of these
interactions, particularly when their cross-scalar nature, e.g., over
multiple management jurisdictions including international
boundaries, masks their cascading social-ecological implications
(Lovecraft 2007, U.S. Fish and Wildlife Service 2010). Regular
collaboration between agencies to share diverse expertise about
resource-management challenges, such as managing king salmon
with their complex life histories, will help better incorporate and
account for interacting system drivers across scales. On the Kenai
Peninsula, The All Lands/All Hands group provides an excellent
example of multijurisdictional collaboration. By sharing unique
areas of expertise, coordinating and effectively allocating limited
agency resources, and converging on common objectives for
resource management, the group has been able to develop a more
holistic understanding of the system and has gained substantial
insight.
Embrace multiple causes in addition to multiple objectives
Although natural resource management has increasingly
recognized the need to manage for multiple objectives (Chapin et
al. 2010), there also is a need to identify multiple causes. Our
understanding of SES is usually incomplete. However, it is
increasingly apparent that system dynamics are rarely caused by
a single or even small set of drivers (Holling 2001, Marcot et al.
2012, Cilliers et al. 2013). In both case studies, management
strategies largely focused on pulses: SBB outbreak and wildfire

on the Kenai Peninsula, and king salmon run size in the YRD.
However, there were also pressing drivers that shaped the
consequences of those pulses. For example, regardless of the
effects of subsistence fishing closures that were meant to help
restore king salmon runs, changing climate may be reducing
spawning success and fitness (ADF&G Chinook Salmon
Research Team 2013), decreasing conservation effectiveness. The
influences of many pressing drivers are inevitable; i.e., a manager
cannot stop climate change. However, by accepting and better
accounting for the multiple causes of social-ecological challenges,
as much as is allowed within existing institutions, we can begin to
understand how pressing variables confound management
outcomes. This paradigm shift could help foster increasingly
proactive governance that more accurately visualizes plausible
futures and fosters adaptation. By realizing the profound longterm influence of multiple drivers on the king salmon population,
the Kwik’Pak Fisheries Corporation envisioned a new future of
commercially marketing chum salmon and adapted successfully.
There are no panaceas; success will be incremental
There are no panacea frameworks or strategies to prescriptively
implement ES management (Ostrom 2007, Ostrom et al. 2007,
Ostrom and Cox 2010). Widespread radical institutional
reorganization is unlikely in many situations, as are vast
improvements in our social-ecological understanding. Thus,
successful implementation of ES management is likely to occur
through incremental steps. As ES management is implemented,
we need to temper expectations. However, incremental steps
accumulate over time, such as the Kwik’Pak Fisheries
Corporation in the YRD. The innovation of marketing chum
salmon instead of king salmon currently benefits relatively few
people economically, and is likely to have only modest effects on
king salmon population health in the YRD. However, the
corporation serves as a potential example and inspiration for
larger-scale solutions. It is possible to replicate the business model
in other communities? Could YRD communities substitute other
species in place of king salmon, alleviating pressure on their
struggling populations (Hansen et al. 2013b)? Given current
barriers, implementing ES management will likely require
continued and persistent commitment to experimenting with new
strategies, writing grants to support experimentation, and the
willingness to be wrong while minimizing consequences of being
wrong.
From theory to application
The generalizable principles presented in this paper have the
potential to help managers overcome barriers and introduce ES
management. Choosing broadly applicable case studies for this
research and strongly supporting the principles with other
examples from the literature suggest that, as strategic elements,
the principles are likely to be of great utility in a number of
systems. However, they are still posited from the results of systemspecific cases. Thus, the applicability of these principles to other
settings must be rigorously evaluated. Collaborations between
natural resource practitioners and researchers are needed to
develop mechanisms for assessing the utility of these principles
in diverse settings, applying them when appropriate, and tracking
progress when they are implemented. This will help us to
ultimately determine their effectiveness under different conditions
in actually altering trajectories of human-environment
interactions and avoiding unwanted social-ecological regime
shifts.
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CONCLUSION
As the human population grows and pressures on ecosystem
services build, society is faced with the increasingly unrelenting
challenge of redirecting SESs toward sustainable trajectories of
human-environment interaction. Natural resource managers are
poised to implement ES management strategies and play a central
role in fostering sustainable outcomes. Barriers persist to
management based on ES principles. However, there are also great
opportunities to overcome barriers, drawing on key principles.
These principles include (1) accounting for people and ecosystems
in management actions; (2) considering historical and current
system dynamics, but managing flexibly for the future; (3)
identifying interactions between organizational, temporal, and
spatial scales; (4) embracing multiple causes in addition to
multiple objectives; and (5) acknowledging that there are no
panaceas and that success will be incremental. Once further
refined and evaluated, such principles could provide a strong
foundation for ushering in a new era of natural resource
management, avoiding unwanted regime shifts and fostering more
sustainable relationships between people and the environment.
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