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28 Seeking Adaptive Change in Wisconsin’s Ecosystems
Stephen r. Carpenter

Ecosystems have always changed, and, as far as we know, 
they always will. New species colonize communities and 
resident species sometimes disappear. The ecosystems of 
today are novel outcomes of the long series of past changes.  
Wisconsin’s ecosystems we see today are vanishing; they 
are in transition, becoming something different.

If change is so pervasive, one might ask, why are scien
tists alarmed by it? At present, ecological change is unusual  
in both its magnitude and speed. Humanity is driving ex
traordinary changes in climate, geology, and biology of the 
entire planet (Steffen et al. 2004). Entire habitats, species, 
and genomes are disappearing. These are the elements from 
which the constituents of new ecosystems emerge. In other 
words, ecosystems are losing their capacity for renewal. 
This is why scientists are worried. It is precisely at times of 
great change that capacity for renewal is most needed.

The issues are not just academic. Throughout history, 
people have depended on ecosystems for fundamental sup
port of their livelihoods. Ecosystem goods like food, fiber, 
and timber are essential commodities, and ecosystems ser
vices like flood abatement and crop pollination underscore 
human wellbeing. Both goods and services are in critically 
short supply in many regions of the world and are growing 
more scarce (Millennium Ecosystem Assessment 2005a). 
Declining ecosystem services, combined with deteriorating  
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ecosystems, are causing serious damage to human wellbeing. To under
stand and address the problem, we cannot think of social systems and 
ecological systems as separate entities. Rather, they both form part of a 
larger, socialecological system.

The consequences of humandriven change in Wisconsin’s ecosystems 
are highlighted throughout other chapters. What future can we expect for 
Wisconsin’s ecosystems? To what extent can we direct ecological change 
toward desired outcomes? This chapter will sketch some approaches to 
these questions. The chapter begins with the limits to ecological predic
tion and our limited capacity to control change in ecological systems. 
Existing mechanisms for governance of socialecological systems are not 
well suited for circumstances of high uncertainty and limited control 
(Dietz et al. 2003). These challenges will be framed in terms of ecosys
tem regime shifts, using concepts of boundaries, resilience, and adaptive 
change—concepts that will become clearer later in the chapter. Scenario 
development is a tool to help us understand the high uncertainty and lim
ited control found in socialecological systems. I present a set of social
ecological scenarios developed for the Northern Highland Lake District 
(NHLD). The chapter concludes with some speculations about prospects 
for Wisconsin’s ecosystems in the turbulent decades to come.

Four Limits to Ecological Prediction

Complexity limits our ability to predict socialecological change. While 
ecologists have made reliable predictions in a few particular, narrowly 
prescribed circumstances, in general we cannot predict important changes  
in socialecological systems. Some of the barriers to successful prediction 
for regional socialecological change are as follows.

The “long now”: In ecology, “now” is not an instant but a long period 
of time. The present condition of ecosystems reflects events that occurred 
last year, last decade, and even last century. This gives rise to an important 
corollary: actions taken now can have consequences that extend far into 
the future (Carpenter 2002; chapter 31). For example, the algae blooms 
of southern Wisconsin’s lakes reflect the legacy of decades of overfertil
ization and erosion in farmlands, and it could take a century or more to 
restore water quality by decreasing the mass of phosphorus in the up
lands (Bennett et al. 1999). Long time horizons make prediction difficult. 
This is a common theme in this book. Ecological changes in Milwaukee 
County (chapter 25), along the Wisconsin River (chapter 17), and in Lake 
Michigan (chapter 12) provide a few of the many examples of ecology’s 
long now.
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Scientific uncertainty: Our scientific knowledge of the conditions and 
trends of whole ecosystems is limited, in part because ecosystem change 
is strongly influenced by random processes. At best, ecological predic
tions can be represented as probabilities of possible future conditions. 
Even the science of estimating such probabilities is in its infancy (Car
penter 2002). For socialecological systems, the science has scarcely been 
imagined. Because many current changes in ecosystems have no historical 
analog (Steffen et al. 2004), past changes are at best an unreliable guide 
to the future.

Surprise: Complex systems are subject to rapid change, and social
ecological systems are no exception (Carpenter 2003; Folke et al. 2005; 
Scheffer et al. 2001). The 20th century brought many important ecologi
cal surprises, such as the biomagnification of toxins in food chains, rapid 
evolution of resistance of pests to biocides, and the contribution of land
use change to diverse syndromes including desertification, eutrophica
tion, and disease emergence (Bennett et al. 2003). Important, unexpected 
changes in socialecological systems seem to be increasing in frequency 
(Steffen et al. 2004). In fact, novel changes may be emerging faster than 
we can devise solutions (HomerDixon 2000).

Volition: Even if ecology had great predictive capacity, socialecological  
systems would exhibit great uncertainty because people are embedded 
in the systems (Millennium Ecosystem Assessment 2005b). The future is 
subject to human choices that have not yet been made, and the very pro
cess of thinking about the future can affect these choices. While volition 
diminishes the predictability of socialecological systems, it evokes the 
possibility of changing the future through the use of scenario planning 
and related tools for looking forward. Scenarios can help envision the 
new worlds that might be created by transcending present boundaries.

Regimes and Boundaries

A regime shift is a change in the nature and strength of feedbacks that 
affect an ecosystem. Lake eutrophication is one such regime shift that will 
be elaborated on shortly. A regime shift can bring change in ecosystem or
ganization, trends, and variability (Scheffer et al. 2001; Carpenter 2003; 
Folke et al. 2005). Sometimes the different regimes of an ecosystem have 
important consequences for ecosystem services and human wellbeing  
(Millennium Ecosystem Assessment 2005b). Although the most spectacu
lar examples of ecological regime shifts are fairly rapid (Scheffer et al. 
2001), they are not always fast. While the boundary between regimes may 
be crossed in an instant, the impacts of the regime shift may be gradual. 
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Organizational changes set in motion by crossing a boundary may not be 
evident until long after the boundary was crossed (Carpenter 2003).

Lake eutrophication, in which lakes undergo a regime shift from low 
to high productivity, is among the bestunderstood ecological regime 
shifts (Carpenter 2003). During eutrophication, excessive enrichment 
with phosphorus (P) pushes the ecosystem across a boundary and creates 
an organizational change—a persistent condition of turbid water. The 
turbidity is due to high concentrations in the water of Plimited micro
scopic plants, often toxic bluegreen algae. Even if P load (annual input) 
is decreased, the turbid state may persist due to recycling of P that has 
built up in the sediments. Many Wisconsin lakes are now eutrophic. Prior 
to the advent of European agriculture in Wisconsin, most of Wisconsin’s 
lakes had low P loads, low P recycling, and clear water. Currently, most of 
the excess P enrichment in Wisconsin comes from agricultural fertilizers.

The concept of multiple regimes separated by slowly changing bound
aries also operates in socialecological systems (Gunderson and Holling 
2002). Socialecological examples tend to be more complex than the lake 
regimes, although the basic ideas of regimes and boundaries are the same. 
For example, models with regimes and boundaries have been used to ex
plore social traps, such as the persistence of harmful ecosystem manage
ment practices (Scheffer et al. 2003).

Figure 28.1 illustrates an abstract case of multiple regimes of a social
ecological system. The topography represents the full range of possible 
socialecological systems, with social systems along one dimension and 
ecological systems along the other. Two points close together in graph 
space represent similar socialecological systems, while two points far 
apart represent less similar systems. Valleys represent a stable, attain
able socialecological system, or regime. Peaks represent highly unstable 
combinations of socialecological systems. Ridges between valleys reflect 
boundaries. To make matters more complex, the topography changes 
slowly. The ball moves freely across the surface, and its location reflects 
the current state of the socialecological system. The ball stops moving 
when it rolls into a valley—the system becomes stable. It can move rap
idly if there is a perturbation from outside the system, or if people drive it 
from one regime to another (figure 28.1A). More fundamental changes, 
like climate change, alter the topography (figure 28.1B), representing 
changes in the boundaries and possible regimes of the socialecological 
system. Changes in the topography of possible regimes can be driven by 
ecological or social factors or by perturbations from outside the system. 
In complex systems, the topography is constantly changing and the ball 
is often in motion.
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People often think that the sustainability of socialecological systems 
is captured by a single regime, the combination of a socially and ecologi
cally sustainable state. In fact, sustainability can be defined in terms of 
multiple regimes and their boundaries (Walker et al. 2004). In view of the 
constant change of ecosystems and societies, it makes no sense to think 
in terms of single, stable states. There are several conditions that can give 
rise to sustainability, but some paths to those conditions are more sustain
able than others.

Scenarios: A Tool for Envisioning Change

Anyone who attempts to understand or manipulate change in a social
ecological system must confront enormous complexity. How is the sys

F igurE   28 .1  Potential surfaces illustrating attainable regimes (valleys) of a social-ecological sys-
tem. Changes in the surface are relatively slow. the ball represents the current state of the system, 
which may change rapidly. A, the arrow represents a shift from one regime to another as a result of a 
rapid change in an external driver or a brief perturbation. B, the potential surface is altered by gradual 
changes in underlying variables that control the types of regimes that can exist. Changes of this type 
may be more long lasting than those that result from instantaneous perturbations.
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tem organized? What is changing, how is it changing, and why? What 
are the regimes and boundaries? What makes particular regimes vulner
able or resilient? What features are desirable, and what kind of system 
do we want? What features are attainable, and what kinds of system can 
we get? The vast complexity of these questions makes it hard to think 
about the future in a coherent way.

Scenario planning developed as a process for addressing change in 
systems that are not predictable and not controllable. Socialecological 
systems fit this profile: change cannot be predicted accurately, and the 
people making decisions have only limited and narrow capabilities to 
control change in socialecological systems. Additional history of scenario  
planning in relation to ecosystem change appears in Bennett and others 
(2003), Peterson and others (2003b), and the Millennium Ecosystem As
sessment (2005b).

Here, a scenario is a structured narrative about a possible future path 
of a socialecological system. A scenario is not a forecast; instead sce
narios stress the unpredictable and the uncontrollable in order to capture 
key uncertainties about the future of the socialecological system. In a 
typical project, three to five scenarios are developed. If more scenarios 
were used, it would be impossible for people to grasp the implications. 
The small number of scenarios forces us to prioritize the most critical 
variables. Comparison of a few scenarios reveals drivers of change, ma
jor uncertainties, options for action, and plausible outcomes.

Scenarios for the NHLD

The NHLD is a socialecological system centered on Vilas County, Wis
consin (figure 28.2). The NHLD contains a mix of public, private, and 
tribal lands, and it is changing rapidly (Peterson et al. 2003a). Visitors to 
the region in 2004 see a very different place than they would have seen 
30 years ago. Both resident and visitor populations have grown substan
tially. Highways from big cities have expanded, bringing more traffic. 
The NHLD’s urban centers are larger and still growing. International or 
national chains are more prominent in the business community. Almost  
all the lakeshore that can be developed has been developed. Redevel
opment (replacement of old, smaller cottages with new, large houses) is 
under way. There is frequent conflict about regulations for development, 
such as setbacks designed to protect lakeshore habitat. The Lac du Flam
beau tribe is growing economically and bringing youth to the region as 
more tribal members with young families return to the reservation. In 
contrast, the age distribution of people offreservation is older and gray
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ing, as the young adults move elsewhere and more retirees move in. A 
comanagement system for the walleye fishery sometimes creates conflict 
but also has increased the quality of fishing on some lakes. Angling has 
thinned the larger size classes of fish populations on most public access 
lakes. Deer populations have expanded. Heavy browsing by deer, com
bined with losses of older forest stands, is a threat to some plant species 
and the animals that depend on them. Invasive species are a growing 
problem for both terrestrial and aquatic ecosystems. Invasions are as
sociated with increases in visitors, traffic, boats, allterrain vehicles, and 
snowmobiles. Overall the NHLD seems more crowded—there are grow
ing numbers of people using the same, finite area of land and lakes. 
Conflict over use, such as the tension between motorized recreation and 
the silent sports, is intensifying.

The Resilience Alliance (www.resalliance.org) selected the NHLD as 
one of several “regions in transition” for an international comparative 
study of regional resilience in 2000 (Walker et al. 2002). Later, the NHLD 
was accepted as an Associated SubGlobal Assessment of the Millen
nium Ecosystem Assessment (www.maweb.org). We initiated an assess
ment process that included the development of scenarios (Peterson et al. 

F igurE  28 .2  outline map of Wisconsin and the Upper Peninsula of michi-
gan, showing the location of the northern highland Lake district.
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2003a). A “Workshop on Theories of Adaptive Change” was held for res
idents (managers, businesspeople, conservationists, local politicians, and 
the media) at Minocqua, Wisconsin, in March 2002. A Scenarios Work
shop with scientists and residents was held at Kemp Station, Wisconsin, 
in September 2002. At the scenarios workshop, we reviewed scientific 
information about change in the NHLD and heard accounts of change 
from residents with long experience in the region. After an introduction 
to scenarios and presentation of examples from other regions, the group 
developed 18 different scenarios for the next 25 years in the NHLD. Dur
ing subsequent discussions, it became clear that these scenarios contained 
many similarities and parallel events. Therefore, we condensed the 18 
original scenarios to four scenarios that captured the main issues. After 
the workshop, a writing team quickly developed drafts of the scenarios, 
which were distributed to the workshop attendees for review. After revi
sion to incorporate these review comments, we visited leaders of the Lac 
du Flambeau tribe, the Vilas County Board of Supervisors, and the Vilas 
County Lake Association to tell the stories and listen to comments and 
criticisms. Following these visits, the scenarios were revised again. In May 
2003, the scenarios were placed on a Web site (http://lakefutures.wisc 
.edu) in several formats. We also printed and distributed hard copies 
of the scenarios. The scenarios were publicized widely to people of the 
region through advertising and media coverage. We initiated a survey 
to assess responses to the scenarios. This assessment process continued 
through summer 2004. A long sampling period was necessary to include 
a full range of seasonal visitors in the responses. At the time of writing, a 
full analysis of the survey results is not yet available.

The NHLD scenarios can be seen online (http://lakefutures.wisc.edu) 
and in a booklet available in the library of the University of Wisconsin 
Center for Limnology (Carpenter et al. 2002). Brief summaries of the 
four stories follow.

Anaheim North: Development accelerates, centering around theme 
parks (figure 28.3B). Population and commercial activity increase, but 
many of the jobs in the NHLD are lowpaying ones and much of the profit 
of the theme parks does not stay in the NHLD. Locally owned businesses 
become less common. Problems with urban sprawl and pollution intensify. 
Motorized recreation replaces musclepowered recreation, except in the 
most remote areas and on private tracts of land. Public hunting and fishing 
lands are heavily harvested, and quality hunting and fishing experiences 
are found only in a few remote sites and on large private landholdings.

Walleye Commons: The visitor population declines as a result of in
tensifying conflicts over resource use, environmental deterioration, and 



F igurE  28 .3  Selected examples from the illustrations created for the northern highland Lake dis-
trict development scenarios. A, Strong lake associations support silent sports around some lakes (as 
shown in the illustration) and motorized recreation on other lakes (not shown) in northwoods Quilt. 
B, theme parks become common, especially around the larger lakes near population centers, in ana-
heim north. C, tribal innovations diversify the tourist economy in Walleye Commons. (Illustrations 
by Bill Feeny, from Carpenter et al. 2002. reprinted by permission.)
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collapse of a realestate bubble. Despite economic hardship, the Lac du 
Flambeau tribe persists (figure 28.3C). Ecosystems recover slowly. The 
economy is smaller in 2027 than in 2002 but more diverse with contri
butions from ethnotourism and slow recovery of recreational opportuni
ties on feral ecosystems.

Northwoods Quilt: The retiree population expands and becomes 
more influential in the politics and economics of the NHLD. The econ
omy diversifies because some retired professionals work parttime via 
travel or telecommuting. Resource conflict resolves in a multitiered sys
tem of regulations and incentives that allocates considerable power to 
lake associations. By 2027 the NHLD is a mosaic of diverse ecosystem 
uses (figure 28.3A).

Refugee Revolution: Terrorism makes urban life chaotic and danger
ous. Many people abandon cities for rural areas. Owners of recreational 
properties in the NHLD move there to stay. Initially the infrastructure  
is severely stressed, but strong interventions by state and federal gov
ernments eventually create a viable economic base for a much more 
populated NHLD. By 2027, working ecosystems producing water, cran
berries, fish and game for market, and forest products dominate the 
NHLD landscape.

Collectively, the scenarios explore aspects of vulnerability, resilience, 
and innovation in the NHLD (table 28.1).

The region is vulnerable because of the low diversity of economic 
opportunity and its susceptibility to economic and political forces 
from outside the NHLD. Ironically, the selfreliance that is valued by 
many residents may perpetuate this vulnerability by undermining the 
networking and collaboration efforts.
Resilience is conferred by several features of the NHLD. One source is 
the tribes, who intend to stay in the region. The capacity for renewal 
of the ecosystems of the NHLD is a source of regional resilience as 
well as the foundation of the ecosystem services on which the society 
is built. Ecological breakdowns can occur due to poor stewardship 
of shoreline habitats, biotic invasions, overharvesting, and so forth. 
Boundaries of ecological resilience are a source of tension in the sce
narios.
Key sources of innovation in the scenarios are the tribes and the 
newly retired or semiretired professionals who migrate to the region. 
The tribes are an important source of young people who want to 
stay in the region. In addition, they diversify the perspectives on re
source management and the kinds of tourism opportunities in the re

•

•

•
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gion. Incoming older residents bring different viewpoints on resource 
management, different economic activities, and new problemsolving 
skills to the region.

The alternative futures depicted in the scenarios derive from different 
mixtures of these three key elements: vulnerability, resilience, and inno
vation.

Can Scenarios Change the Future?

We do not know if the scenarios project will change the future. In one 
sense, we can never know, because there is only one NHLD and the sce
narios are now in play, with no control or reference system to help us 
interpret the outcome.

The scenarios have stimulated debate and new thinking. In our 
surveys, most respondents hope that the future brings something like 

Table 28.1 Comparison of the scenarios for the Northern Highland Lake District

Characteristic 

Scenario

anaheim north Walleye Commons northwoods Quilt refugee revolution

theme expansion of  
tourist industry, 
loss of local con-
trol, ecosystem 
decline 

economic and  
ecological break-
down, population 
decline, tribal  
persistence, eco- 
logical recovery 

diversification of 
economy, expansion 
of lake associations, 
diverse management 
goals, heterogeneous 
landscape 

Urban refugees 
drive economic and  
ecological transfor-
mation; intensive 
use of ecosystems 
for services 

triggers of  
 change 

development 
of megaresorts, 
theme parks 

resource conflict, 
ecological break-
down, environmen-
tal health risks

resource conflict terrorism in urban 
centers 

drivers of  
 innovation 

transnational  
tourism  
corporations 

native americans active semiretirees, 
lake associations 

State and federal  
agencies and the 
refugees 

economics in  
    2027 (vs. 2002) 

much larger 
economy, more 
dependent on  
tourism, more 
variable over time, 
higher proportion  
of low-wage jobs 

Smaller economy  
but more diversi-
fication of tourism 
and resource 
management jobs 

Larger and more 
diverse economy; 
more telecommuting, 
consulting, service, 
resource manage-
ment jobs 

much larger and 
more diverse 
economy; more  
resource-extraction 
and service jobs 

environment in  
    2027 (vs. 2002) 

degraded water 
quality, fisheries, 
forests, and  
wildlife, except 
in a few remote 
or privately held 
pockets 

Feral ecosystems; 
recovering and  
diversifying  
landscape 

heterogeneous 
landscape, diverse 
recreational oppor-
tunity 

Working  
landscape-water  
supply, forest  
products, game 
farms, aquaculture
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Northwoods Quilt or Walleye Commons. However, they believe that the 
future is most likely to resemble Anaheim North. About 70% of respon
dents say they would become involved in a group working for desirable 
change in the NHLD. Although they are willing to act, most respon
dents believe that they have little influence on the future of the NHLD. 
A quarter of respondents say they will move away if the NHLD begins 
to change in undesirable ways. One correspondent stated that the most 
important goal for the NHLD is “making people aware that they have 
options, that there is still time to affect the future.” Other correspon
dents have sent descriptions of proposed new institutions for planning 
sustainable growth for the NHLD. These are positive, creative ideas that 
demonstrate the adaptability of the NHLD. Clearly there are people in 
the region who are ready to act in forwardlooking ways.

Better networking is a key to building the adaptive capacity of the 
NHLD. The workshops that led to the scenarios have already formed new 
networks of contacts in the NHLD. More connections among key people 
and groups are necessary for adaptive change in the region. Substantial 
benefits could emerge from more frequent exchange of ideas among the 
innovative institutions in the region, such as the tribes, lake associations, 
and research organizations. A few interesting experiments in governance, 
collaboration, and ecosystem management are already under way in the 
NHLD. More experiments will be needed as the residents of the NHLD 
invent new ways to live in the future.

The NHLD is changing into a different region from what it was just 
a generation ago. It is not clear, however, what the NHLD is becoming. 
The present already contains elements of all four scenarios, and the same 
is likely to be true of the future. Also, the future will contain many sur
prises that are not in the scenarios. Which scenario elements and what 
unforeseeable surprises will dominate the future? What parts of the past 
will people choose to carry in the future, and what parts of the past will 
be abandoned? What boundaries will be accepted by the people of the 
NHLD? What boundaries will people revolt against and overcome? As 
the NHLD reorganizes, what new boundaries will be created? These 
questions will be answered over time, as the people of the NHLD act on 
the expectations and visions for the future.

Conclusions

Adaptability and transformability depend on the capacity of people to 
change the socialecological system in which they live (Walker et al. 
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2004). In the NHLD, as in other socialecological systems, adaptability 
depends on ecosystem resilience and human innovation. Ecosystem re
silience is substantial but finite and threatened by forces external to the 
NHLD (e.g., climate change and species invasion) and practices within 
(e.g., poor stewardship of shorelines, deer overpopulation, and over
harvest of some living resources). Sources of human innovation include 
the tribes, lake associations, research groups, and many other organiza
tions. Adaptability is limited by several features of the NHLD, including 
the tradition of rugged individualism, limited capacity of networks that 
span across the entire region, and the narrow economic base. These con
straints on adaptability underlie the NHLD’s vulnerability to exogenous 
physical, biotic, and social forces.

The NHLD is at a crossroads, each leading to different futures. Leader
ship from within the community will have a powerful effect on the next di
rections of the NHLD. It is clear that emergence of key stewards has been 
critical in the conservation of other regions around the world (Olsson et 
al. 2004). However, the emergence of leadership is impossible to predict.

Throughout the world, socialecological systems are changing rap
idly. It is not clear which elements of the present will continue into the 
future. We are headed for a world of degraded ecosystems, feral ecosys
tems, working ecosystems, richly diverse ecosystems, a heterogeneous 
patchwork, or something we have not yet imagined. While the outcome 
is unknown, it is certain that the ecosystems of the future will affect 
the lives and livelihoods of people. Adaptability to upcoming challenges 
depends on human choices being made now. Better choices are likely if 
evolving changes are faced clearly and collaboratively, with our minds 
open to the surprises to come.
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