
Fisheries • vol 36 no 1 • january 2011 • www.fisheries.org 1

FisheriesFisheries
American Fisheries Society • www.fi sheries.org

Fish News 
Legislative Update 
Journal Highlights 
Calendar 
Job Center

Vol 36 no 1
JanuarY 2011

a primer on Winter, ice, and fish: 
What Fisheries Biologists Should Know about 

Winter Ice Processes and Stream-dwelling Fish

a primer on Winter, ice, and fish: 
What Fisheries Biologists Should Know about 

Winter Ice Processes and Stream-dwelling Fish

Human Population Increase, 
Economic Growth, and 
fish conservation: 
Collision Course or Savvy Stewardship



Fisheries • vol 36 no 1 • january 2011 • www.fisheries.org 27

ABSTRACT: Globally, fishes and fisheries are in severe decline, driven in large 
part by economic and human population growth. Despite progress in environmental 
philosophies, legislation, and protection, conflicts between economic/human population 
growth and fish conservation remain and are intensifying at continental and global scales. 
The growth of the human enterprise ad infinitum is impossible because of dependence 
on finite resources; hence policies should leave a margin of error when dealing with the 
biophysical environment. We suggest a re-definition of earth stewardship to serve as a 
conceptual bridge between ecology and economics, recognizing the hubris behind most 
economic models, which assume that the biosphere is a subset of the economy or else 
an externality, when in fact Homo sapiens is a species operating within the biosphere. 
additional indicators that focus on a different suite of values (e.g., social justice, 
corporate responsibility, and ethics) would underscore the complexity of economic and 
human population growth effects on societies and ecosystems, and could help guide us 
away from unsustainable actions toward those that are “savvier” in terms of co-existence 
with the resources upon which we depend. 

oPInIon: 

Over the past few years, a debate took 
place within the american Fisheries Society 
as to whether or not to adopt a policy 
statement on economic growth, fisheries, 
and a fundamental conflict of these activities 
with fish biodiversity and conservation. The 
debate was a healthy one, and included a 
series of articles (e.g., Czech et al. 2004; 
miller Reed and Czech 2005; Bigford et al. 
2006; Hyatt et al. 2007) that played out on 
the pages of this magazine for over two years. 
ultimately, that policy was not adopted, the 
reason being that “…the draft document 
did not meet the rigorous requirements of 
a policy statement that would represent a 
position of the american Fisheries Society 
on the potential effects of economic activity 
on fish conservation” (Franzin 2009, p. 135). 
Franzin (2009) provides a full chronology of 
the debate. 

Human Population Increase,  
economic growth, and Fish Conservation:  

Collision Course or Savvy Stewardship?

Incremento de la población 
humana, crecimiento 
económico y conservación 
de peces:  
rumbo de colisión o 
administración comprensiva
ReSumen: a nivel global, los peces y las pesquerías se encuentran en franco deterioro, 
debido en gran parte al crecimiento económico y de la población humana. a pesar 
del progreso en las filosofías ambientales, legislación y protección, los conflictos entre 
economía/crecimiento poblacional y conservación de peces se mantienen e intensifican a 
escala continental y global. el crecimiento de los humanos ad infinitum es una condición 
imposible dada nuestra dependencia de una base finita de recursos; por lo tanto las políticas 
de manejo deben dejar un margen de error en lo concerniente al ambiente biofísico. Se 
sugiere una re-definición de la administración de los recursos del planeta para que sirva como 
puente conceptual entre la ecología y la economía, reconociendo la arrogancia detrás de la 
mayoría de los modelos económicos que asumen a la biósfera como una subdivisión de la 
economía o bien una externalidad, cuando en realidad el Homo sapiens es una especie que 
funciona dentro de la biósfera. Otros indicadores enfocados en un grupo diferente de valores 
(v.g. justicia social, responsabilidad corporativa y la ética) resaltarán la complejidad de los 
efectos que tiene el crecimiento humano y económico sobre las sociedades y ecosistemas 
y pueden ayudarnos a transitar de acciones no sostenibles hacia aquellas que sean más 
comprensivas en términos de coexistencia con los recursos de los cuales dependemos.
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as part of the vetting of the draft policy statement, three of us 
(KL, RH, DJ) were asked to develop a white paper, building upon 
the earlier work of a committee composed of members of the Water 
Quality Section and Resource Policy Committee. The intent of the 
white paper was to clarify points made in the draft, as well as to provide 
additional documentation of the 
need for such a policy. Here, we 
(together with BC) provide a 
condensed, updated version of 
the white paper and offer it as 
an opinion piece to the aFS 
readership. Our emphasis is on 
north american fi sheries, but we 
recognize that the issue is a global 
one. 

globally, fi sheries are in 
decline. numerous studies 
indicate that wild fi sh and 
shellfi sh stocks are down virtually 
everywhere compared to several 
decades ago (Pauly and Palomares 
2005, myers and Worm 2003, 
SOFIa 2008), especially 
preferred stocks. Serial depletion 
of fi sh stocks by overfi shing is a 
worldwide phenomenon (Pauly 
and Palomares 2005). myers 
and Worm (2003) projected that 90% of large predatory fi sh are gone 
from global oceans. Diadromous species are in massive decline, many 
by > 95%, in the north atlantic (Limburg and Waldman 2009) and 
elsewhere.

unfortunately, in north america, examples abound (e.g. mcevoy 
1986, Helfman 2007). north atlantic cod (Gadus morhua), once a 
mainstay of the economy of northeastern north america, collapsed 
spectacularly in the early 1990s and is unrecoverable for the foreseeable 
future. Pacifi c salmon (Onchorynchus spp.) have gone from supporting 
major commercial fi sheries to multiple listings as threatened or 
endangered. american shad (Alosa sapidissima), once the second 
most important u.S. fi shery, is at historic population lows in its native 
range, with closures increasing. Within the Laurentian Great Lakes, 
a precipitous decline of valuable commercial species occurred in the 
late 1800s as a result of intensive commercial fi shing, environmental 
degradation, and modifi cation of land and hydrology. Impounded u.S. 
rivers have resulted in losses of high quality fi sheries for native species, 
replacement with non-native fi shes, and loss 
of native biodiversity. Precipitous declines in 
shellfi sh are exemplifi ed by the loss of eastern 
oyster (Crassostrea virginica), decimated up and 
down the atlantic seaboard, with economic 
losses estimated in the millions of dollars from 
Chesapeake Bay alone, to say nothing of loss of 
ecosystem function.

The generic drivers of these adverse changes 
are human population and economic growth. a 
growing human population demands more fi sh 
for food (76% of world fi sheries production) and 
other purposes (24%), causing more and more 
effort to be applied to continually decreasing 
stocks. The latest State of World Fisheries and 
aquaculture (SOFIa 2008) reported that 79% 
of world fi shed stocks are fully or over-exploited, 
or collapsed and recovering (compared to 60% 
in the mid-1970s). Worrisomely, the percentage 

of lightly exploited or moderately exploited fi sh populations has been 
declining almost linearly since 1974 (Figure 1); one can extrapolate 
that all fi sh populations will shift into the “fully exploited/depleted/
recovering” category by 2042. This is similar to the conclusion drawn 
by Worm et al. (2006) that all then-currently exploited species would 

collapse by 2048. 
From an economic perspec-

tive, overfi shing is driven in 
part by overcapacity and subsi-
dies (Sumaila and Pauly 2007). 
Furthermore, environmental 
change (e.g., global warming, 
land use, hydrological modifi -
cation, and habitat alteration) 
and its attendant uncertainty 
result from human population 
and economic growth pressures. 
This sets the stage for increased 
incidence of unexpected events, 
tipping points, and sudden col-
lapses. Increasingly, cultural 
eutrophication in a warming 
climate is tipping coastal eco-
systems into hypoxic episodes 
that have direct and indi-
rect impacts on fi sheries. Low 
returns of Chinook salmon 

(O. tshawytscha) because of historical overexploitation and habitat 
change, coupled with poor ocean conditions, have predicated the 
closure of commercial and recreational fi sheries for this species off 
the coasts of California and most of Oregon during the summers of 
2008-2010 for the fi rst time in history. 

nATIve SPeCIeS In 
DeClIne

Within north america, recent studies document marked declines 
in fi sh species and fi sh assemblages at regional and continental scales. 
at least 700 north american freshwater fi shes are endangered, 
threatened, or vulnerable (Jelks et al. 2008); at least 167 distinct 
population segments of marine north american fi shes are so classifi ed 
(musick et al. 2000). at the fi sh assemblage level, only 57% of the 

Unfortunately, in North America, 
examples abound (e.g. McEvoy 1986, 
Helfman 2007). North Atlantic cod 

(Gadus morhua), once a mainstay of 
the economy of northeastern North 
America, collapsed spectacularly in 

the early 1990s and is unrecoverable 
for the foreseeable future. Pacifi c 

salmon (Onchorynchus spp.) 
have gone from supporting major 
commercial fi sheries to multiple 

listings as threatened or endangered. 

Data source: SOFIA (2008)

Fig. 1

Figure 1. Trend (solid line) in percentage of world capture fi sheries that are lightly or moderately 
exploited, with extrapolation (dashed line).
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total stream and river length of the conterminous western uSa 
supports least disturbed fish assemblages (Whittier et al. 2007) and 
35% of that stream length was deemed impaired (Pont et al. 2009), 
while only 17% of mid-atlantic Highland stream length contains 
least disturbed fish assemblages (mcCormick et al. 2001). Only 28% 
of wadeable stream length in the conterminous uSa supports least 
disturbed macroinvertebrate assemblages (Paulsen et al. 2008). master 
(1991) estimated that 73% and 67% of mussel and crayfish species, 
respectively, are imperiled or rare. 

Human population and economic growth are major drivers for 
these declines, incorporating all sectors of the economy. In the u.S. 
and Canada, the leading anthropogenic factors currently contributing 
to fish species listings under the u.S. federal endangered Species act 
(eSa) and the Canadian Species at Risk act (SaRa) are surface 
water diversion, agriculture, invasive species, urbanization, and 
pollution, often in combination (miller-Reed and Czech 2005, Rose 
2005). These drivers are indicators of economic activity and they are 
especially acute in coastal areas where more than half of u.S. citizens 
reside, and where most growth is projected. additionally, high rates of 
species listings occur in some interior regions. For example, nevada 
and arizona, two of the fastest-growing states, have extensive water 
development projects that compromise aquatic ecosystems. These 
two states, together with California, Tennessee, and alabama (also 
with extensive water projects), account for 87 of the 139 fish species 
presently listed. In a review of historical changes in large river fish 
assemblages, Hughes et al. (2005) concluded that flow and channel 
regulation plus alien species were key alterations, especially in the 
southwestern uSa. Generally, it is such landscape and basin scale 
economic/land use disturbances that explain most of the variation in 
fish species or assemblages when viewed at state and national scales 
(Hughes et al. 2006).

Densely populated and rapidly expanding urban areas contribute 
significantly to aquatic habitat change and water pollution (Brown 
et al. 2005). Growth in impervious surface area has repeatedly been 
implicated in aquatic habitat degradation, affecting streams, rivers, 
lakes, and estuaries (e.g., Brown et al. 2005). For example, once the 
most productive estuary in north america, Chesapeake Bay has 
experienced extensive eutrophication, primarily from suburban and 
agricultural runoff, with periodic episodes of hypoxia and alteration in 
trophic structure. 

agricultural runoff has degraded and continues to degrade 
fish habitat. The united States environmental Protection 
agency (Paulsen et al. 2008) estimated excessive phosphorus, 
nitrogen, and fine sediment 
levels in 31%, 32%, and 25%, 
respectively, of wadeable u.S. 
streams, mostly from agricultural 
runoff. Impacts can be immediate 
or translocated over time and 
space. For example, a 20,000 
square kilometer hypoxic region 
in the Gulf of mexico developed 
through the increased inputs of 
nitrogen and phosphorus in the 
mississippi River basin (Rabalais 
et al. 2002). On the east Coast, 
upland watersheds contribute 
substantially to coastal marine 
eutrophication (Boyer et 
al. 2002). nationally, Dodds et al. (2009) estimated that 
eutrophication creates over $2 billion in damage costs per year, 
including an estimated $44 million/year paid out to mitigate or 
prevent biodiversity losses.

a variety of atmospheric stressors create both acute and diffuse 
problems. airborne pollutants from fossil fuel combustion increase 
mercury contamination of fish tissue (Peterson et al. 2007), contribute 
to surface water acidification (Driscoll et al. 2001), inhibit the growth 
of algae, reduce hatching success, increase egg and larval mortality, 
and inhibit fish growth. atmospheric nitrogen deposition further adds 
to both eutrophication and acidity problems (Driscoll et al. 2001; 
Bergström and Jansson 2006). Climate warming is projected markedly 
to reduce and fragment the ranges of both resident and anadromous 
salmonids in the u.S. (Bigford et al. 2009) and has already altered the 
ranges of many species globally (Parmesan and Yohe 2003). 

Increased trade has also caused unprecedented transfers of non-
native species (Fuller et al. 1999) which are associated with declines 
in native biodiversity and economic damages in the billions of dollars 
(Pimentel et al. 2005). Lomnicky et al. (2007) reported that over 50% 
of fish bearing stream length in the western u.S. contained non-native 
fish, and that non-natives dominated fish assemblages in 22% of western 
u.S. stream kilometers. Fifty-eight percent of the 6-digit hydrologic 
units in the conterminous uSa contain over ten established alien 
fish species (Heinz 2008). Leprieur et al. (2008) found gross domestic 
product (GDP), human population density, and percent urban area to 
be better predictors of non-native species richness than altitude, basin 
area, net primary productivity, and number of native species.

Given the widespread evidence from the above examples, it is no 
surprise that tight correlations exist between u.S. GDP, population 
growth, and the mounting list of endangered species (Figure 2). 
Internationally, trends are more scattered, but all populated regions 
of the world show positive correlations between threatened fishes 
and the size of national economies (Clausen and York 2008b).

WHy We CAnnoT gRoW 
(oR SHoP) ouR WAy ouT 
oF THIS PRoBlem

The u.S. comprises less than 5% of the world’s population, but 
consumes over 30% of the resources used for economic growth 
(earthTrends 2010). During the latter half of the 20th century, 
u.S. per capita resource use rose 45% overall (Suzuki 1998). The 
economy of the u.S. depends heavily on fossil fuel combustion, 
accounting in 2005-2007 for approximately 21% of annual 
consumption worldwide (eIa 2010). much of this characterizes 

a “consumer society” in which 
discretionary spending is a mass 
phenomenon stimulated by 
government policies, not just 
practiced by the rich or the 
middle classes. many scholars 
point to post-World War II as the 
time when consumption of goods 
and services began increasing 
sharply, both in absolute and per 
capita terms (e.g., Collins 2000). 
Rosenblatt (1999) estimated 
that approximately 90% of the 
u.S. workforce was employed 
in the production and sale of 
consumer goods.

The typical measures of an economy’s size are gross national 
product (GnP) and gross domestic product (GDP). GnP is 
defined as “the market value of final goods and services purchased 
by households, by government, and by foreigners (net of what we 

If these conflicts are not 
proactively addressed, we will 

lose fish, fisheries, and treasured 
traditions of interacting with 

them. But if the conflicts 
are addressed proactively, 
we might enter into an era 

of “savvy stewardship.”
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purchase from them), in the current year. alternatively, it is the 
sum of all value added to raw materials by labor and capital at 
each stage of production, during the given year” (Daly and Farley 
2003). GnP includes production by all nationals, whether at home 
or abroad. On the other hand, GDP accounts only for production 
within the bounds of the country in question, and includes both 
citizens and non-citizens. When adjusted for infl ation, GnP and 
GDP refl ect the size or scale of an economy. Changes over time 
refl ect economic growth or recession. Indeed, economic growth, 
defi ned thus, has been the goal of the u.S. and other nations for 
much of the last 100 years (Collins 2000). 

a common critique of GDP and GnP is that these are poor 
indicators of economic welfare, much less overall human welfare, 
yet they typically are assumed to be indicators of welfare by some 
economists and many policy makers. GDP and GnP refl ect the 

amount of economic activity taking place. Concomitantly they 
refl ect the amount of natural capital re-allocated from “the 
economy of nature” to the human economy (Czech 2008). That 
explains the tight connection of GDP and GnP growth with 
energy and material throughput (Daly and Farley 2003), and with 
environmental impacts such as biodiversity decline (Figure 2). 

economic growth (e.g., increasing GDP and GnP) entails 
increasing production and consumption of goods and services. 
Debating each other, Barry Commoner and Paul ehrlich created 
the “IPaT” concept (ehrlich and Holdren 1972) that states that 
ecological impact (I) of humanity is a product of human population 
(P), affl uence (a), and technology (T), although technology was 
never really quantifi ed and appears to serve as an error term (Dietz 
et al. 2007). Czech (2008), however, described why technological 
progress does not reconcile the fundamental confl ict between eco-
nomic growth and environmental protection, because research and 

development is closely 
linked with economic 
growth from pre-exist-
ing technology.

There are many who 
believe that economic 
growth and technologi-
cal innovation can solve 
environmental problems 
and maximize human 
welfare, a “win-win” 
strategy. evidence sug-
gests that this is a naïve 
and ultimately risky 
perspective, as recently 
demonstrated in the 
Deepwater Horizon oil 
spill catastrophe in the 
Gulf of mexico and the 
current debate over risk-
ing the world’s largest sus-
tainable sockeye salmon 
(Oncorhynchus nerka) 
fishery (Bristol Bay, 
alaska) for a few decades 
of copper (Woody et al. 
2010). It is also impor-
tant to recognize that the 
major driver of impact 
in the wealthy nations 
(especially the u.S. 
and Western europe) 
is over-consumption, 
whereas population 
growth is the driver in 
the Third World. as the 
Third World develops, 
those nations have an 
essential – and critical 
– opportunity to choose 
a more sustainable path. 
Similarly, we in the 
highly consumptive 
nations must reconfi gure 
our economies to reduce 
our impact.
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Figure 2. Threatened and endangered species (total and aquatic) in the United States plotted as a function of per capita 
Gross Domestic Product, adjusted to 2005 dollars (top panel) and U.S. population (bottom panel). Data sources: U.S. Fish and 
Wildlife Service, Endangered Species Program, U.S. Census Bureau, and U.S. Bureau of Economic Analysis. Abbreviations: T&E 
= threatened and endangered species; A-GDP/Cap = Adjusted Gross Domestic Product/Capita; Aquatics = Aquatic threatened 
and endangered species; Pop = U.S. population. Note that species are added to and removed from the endangered species list 
constantly; the numbers simply refl ect the totals at the time. 
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ReCognITIon THAT 
HumAn ACTIvITIeS CAn 
Be uSeD To mITIgATe 
THe ConFlICT BeTWeen 
eConomIC/PoPulATIon 
gRoWTH AnD FISH 
ConSeRvATIon

Proactive stewardship of natural resources has deep roots in human 
history. The original text of Genesis, when addressing humankind’s 
relationship with the earth, states that early humans were given 
dominion over the earth and directs humans to tend and keep the 
earth (Ravid 1987). The world’s great religions, which serve as social 
ordering mechanisms, have all addressed this issue. This sense of 
respect for the earth and its resources in early civilizations was codified 
in the concept of shabbat or sabbatical (periodic rest and restoration 
for the land). It was recognized that there were limits to what the land 
could provide, that human relationships with the land had to operate 
within the framework of those limits; and when nurtured, land has 
the ability to restore itself. Over millennia, and in many civilizations 
and cultures, the concepts of responsibility, limits, and restoration 
regarding natural resources evolved. Where these concepts were 
inappropriate, misdirected or inadequate, the civilizations and cultures 
faded (Diamond 2005). In some arenas, the impacts to the land were 
so severe that landscapes have been refractory to rehabilitation.

In north america there have been champions for earth 
stewardship whose voices were (fortunately) heard “in the wilderness” 
of nation-building enterprise. Henry Thoreau, George marsh, John 
muir, Theodore Roosevelt, aldo Leopold, Ding Darling, Rachel 
Carson, annie Dillard, al Gore, Winona LaDuke, and many others 
have, with time, advanced perspective that eventually helped redirect 
focus and changed mindsets regarding humankind’s relationships to 
the earth and its resources. Their legacy is appropriately a blend of 
the tangible and the intangible, reflecting the essence of the human 
experience. They forced us to look hard at our past and at the present, 
to project into the future, and to ask serious questions about ourselves 
in relation to our environment. The scope of their messages ranged 
from transcendentalism, to pragmatism, to threats to survival of life in 
its various forms (including human life), cultures, and civilizations as 
we now know them. 

In response, much has been done to protect and restore landscapes. 
In the u.S., national legislation and regulatory agencies were created 
during periods of progressive thought to mitigate the effects of economic 
and population growth, either directly or indirectly. Following a period 
of economic intensification in the 1950s and 1960s, the national 
environmental Policy act of 1969 initiated a period in the 1970s of 
re-awakened concerns for the environment and associated impacts 
of socioeconomic activity. The 1973 endangered Species act (eSa) 
declared that “various species of fish, wildlife, and plants in the united 
States have been rendered extinct as a consequence of economic 
growth and development.” The uSePa was formed in 1970 in part 
to administer the Clean Water act (CWa) the objective of which “is 
to restore and maintain the physical, chemical, and biological integrity 
of the nation’s waters,” and its second goal is to provide “for the 
protection and propagation of fish, shellfish, and wildlife.” Further, the 
1978 “God Squad” amendment to the eSa and the “use attainability” 
clause in Section 101 of the CWa both recognize that economic 
growth contradicts the objectives of the acts. Yet both acts represent 

remarkable foresight in environmental protection and served as models 
for similar legislation throughout the world. Chief examples are the 
Species at Risk act (SaRa of Canada), the COnaBIO (national 
Commission for the Knowledge and use of Biodiversity) in mexico, 
and the Water Framework Directive of the european union. 

earlier examples of mitigating legislation in the u.S. are the 
antiquities act (1906), the creation of the u.S. Forest Service in 
1905, and the forming of the national Park Service in 1917, all of 
which facilitated protection of large tracts of land where nature 
protection from economic and population growth is the goal. Prior to 
these consolidating initiatives, ad hoc means were used throughout the 
continent to protect and conserve resources of special interest. Similarly, 
legislation creating national wildlife refuges and wilderness areas is 
dedicated to the proposition that economic development is contrary 
to nature protection. The magnuson-Stevens Fisheries Conservation 
and management act limits fish exploitation along thousands of 
square miles of the u.S. coast and supports protection of essential fish 
habitat. marine protected areas, established under various legislative 
authorities, provide refuges from economic exploitation for marine 
fish. The Coastal Zone management act, the Clean air act, the 
Wilderness act, the national Wild and Scenic Rivers act, the Toxic 
Substances Control act, the northwest Forest Plan, the Wetlands 
Reserve Program, and the Conservation Reserve exclusion Program 
also limit economic activity and provide important protections for fish 
via protection of fish habitat. 

There are many state analogs to federal environmental legislation. 
In new York the adirondack Park, established in 1872 and a model 
for future national parks, protected new York City’s drinking water 
through forest conservation. Oregon’s Land use act of 1973 restricted 
commercial and residential development of private agricultural and 
forest lands. mississippi’s Scenic Streams Stewardship act (1999) 
established a voluntary program to protect scenic waterways with 
unanimous-minus-one legislative support. numerous county and 
city natural areas, greenways, and water supply watersheds offer 
local examples of protecting nature from economic development. 
However, extensive natural areas also attract residential and tourist 
developments.

Perhaps the best example of private national and international 
ecosystem rehabilitation is The nature Conservancy, a non-
governmental organization (nGO) that purchases lands and protects 
them through sustainable best management practices. Similar land 
trusts have been established by wealthy individuals and conservation 
groups with the sole purpose of protecting wildlife and fish from 
economic development in perpetuity. 

all of the above mentioned endeavors are laudable and assist 
in establishing a foundation of awareness and action in the natural 
resources stewardship arenas. There are many educational success 
stories. environmental curricula are widespread throughout educational 
institutions, nGOs, and professional organizations. Local, regional, 
and national media distribute news and programs addressing natural 
history, natural resources, and environmental issues. many scientific 
societies are now actively engaged and effective in providing critical 
information to the media. In response to a growing public awareness 
of these issues, politicians and governments have had little choice but 
to incorporate them into platforms and agendas. Scientists have had 
a major role in providing technical information and perspective to 
legislative and administrative bodies at federal, state, provincial, and 
local levels.

However, the conflicts between human population and economic 
growth and fish conservation, while mitigated to some extent by the 
preceding initiatives, still remain and are intensifying at continental 
and global scales. are we on a collision course with biodiversity and 
the earth’s restorative capabilities? If these conflicts are not proactively 
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addressed, we will lose fish, fisheries, and treasured traditions of 
interacting with them. But if the conflicts are addressed proactively, 
we might enter into an era of “savvy stewardship.”

A FRAmeWoRK To ASSIST 
SoCIeTy AT lARge In 
Re-DIReCTIng lIFeSTyleS 
AnD SATISFACTIon AWAy 
FRom A ConSumPTIve 
PeRSPeCTIve ToWARD A 
SuSTAInABle PeRSPeCTIve

There is a need for broad-reaching policy acknowledging that (1) 
economies and populations cannot grow ad infinitum, as they depend 
on finite resource bases (meadows et al. 2004), (2) a margin of error 
should be left when dealing with the biophysical environment (the 
precautionary approach, Daly and Farley 2003), and (3) that fisheries 
management should be geared at protecting and fostering ecosystem 
services as much as for protection of single species of interest. For 
example, just as civilization at a global scale is approaching “peak 
oil” (Duncan 2006) and “peak food,” it is apparent that we may 
have reached or have possibly surpassed “peak fish” (e.g., Pauly and 
Palomares 2005, Clausen and York 2008b). 

Re-definition of earth stewardship serves as a conceptual bridge 
between ecology and economics. But what are the appropriate 
relationships of humans to the planet? Stewardship and respect for 
the earth are often-repeated mantras of the conservation community, 
but the actions of society at large demonstrate these attitudes only 
infrequently. Rather, the “tragedy of the commons” (Hardin 1968) 
plays out repeatedly. and sadly, fisheries declines and collapses and 
threats to or loss of fish species form a solid core of cases in point.

Key to re-defining earth stewardship is to recognize the hubris behind 
most economic models of humanity, which assume that the biosphere 
is a subset of the economy or else an externality, when in fact H. sapiens 
is a species operating within and as part of the biosphere (Costanza 
et al. 1997, Daly and Farley 2003). The biosphere is indifferent to 
whether our species continues to exist or not. nevertheless, humans are 
a dominant species on earth, slowly yet execrably altering landscapes 
and riverscapes at global scales (Wolman 2002, Parmesan and Yohe 
2003), appropriating much of global primary production and altering 
biogeochemical cycles (Vitousek et al. 1997), to say nothing of mining 
fossil fuels and other stored natural capital. 

In a recent commentary, Bundy et al. (2008) proposed a new 
conceptual model for good governance of fisheries. Their vision reverses 
the conceptual model of humans as the apex of a resource pyramid, 
and instead views humans as destabilizing agents of abrupt changes in 
meta-stable ecosystems. The new model supports highly elevated levels 
of social justice, corporate responsibility, and ethics. Fish and fisheries 
management policies in line with this new vision include movement 
away from industrial fisheries toward smaller scale pursuits; removing 
direct and indirect subsidies for industrial fisheries (e.g., by nations and 
the World Trade Organization; Sumaila and Pauly 2007); and better 
accounting of marine discards, with the ultimate goal of elimination 
of this waste. Such a model includes ocean zoning (i.e., management 
districts or regions of ocean far larger than marine Protected areas) and 
developing similar approaches at smaller scales for inland waters (e.g., 
river reaches and lake sub-basins). although many persons will have 
moral or social objections (Lakoff 2002, Graham et al. 2009, Kahan 

2010), and because many scientists focus on short-term local changes 
versus long-term systematic changes (Parmesan and Yohe 2003), we 
offer our recommendations as a means to encourage dialogue.

We need to re-affirm an environmental ethic. although not a 
new idea, it is one that gains increasing urgency and currency as the 
scale and quantity of human endeavor increases. aided with greatly 
improved tools to observe and analyze the earth at a macroscopic scale, 
we can assess our impacts now at local to global scales. armed with this 
information, we have an ethical responsibility to care for the earth, its 
ecosystems, and its biodiversity. For example, nash (1989) argued for 
an expanded sense of ethics to include legal standing for ecosystems 
and species, and in the fall of 2008 ecuador became the first nation to 
do so. Increasingly, the world’s religious leaders are calling for a much 
more ethical relationship with earth. For example, among his many 
other activities, the Greek ecumenical patriarch Bartholomew I called 
crime against the natural world a sin, and organized a meeting of 200 
scientists, journalists, and politicians to discuss marine preservation 
and overfishing hazards. 

as part of re-defining stewardship, we need to embrace a pluralistic 
suite of indices and paradigms of human and ecosystem welfare. 
Traditional indicators such as GDP and GnP are useful as indicators of 
the size of an economy, but are insufficient for assessing many human 
and ecological values and conditions (Daily 1997, Daly and Farley 
2003). The use of alternative indicators causes us to focus on different 
values and to underscore the complexity of economic/population 
growth effects on society and ecosystems, and not just in economic 
terms. To better demonstrate the relationships between the alternative 
indicators, one may compare the temporal trends among various 
indicators (for examples of these, see Box 1).

Study of alternative indicators demonstrates a need to re-develop 
economies with incentives that serve to reduce consumption and 
population growth. Some of these incentives may by necessity be 

Box 1. Examples of alternative or complementary economic, or 
ecological-economic, indicators.
_______________________________________________________

Monetary indicators include the Index of Sustainable Economic • 
Welfare (ISEW), developed by Daly and Cobb (1994), which 
accounts for such things as the negative impacts of pollution to 
society, and the Genuine Progress Indicator (GPI, Venetoulis and 
Cobb 2004). The GPI estimates the value of unpaid and thus 
non-marketed services such as housework, caring for children 
and the elderly, and volunteerism. Tracking the ISEW and GPI 
suggests that, while GDP and GNP have continued growing over 
the past few decades, economic welfare has not, and ecological 
and economic sustainability have been declining (Daly and Farley 
2003; Venetoulis and Cobb 2004). 

An example of a non-monetary indicator of social welfare is the • 
Human Development Index (HDI). The HDI incorporates poverty, 
literacy, education, life expectancy, and other factors. Since 1993, 
the HDI has been used by the United Nations Development 
Programme in its annual report. Because HDI and other non-
monetary indicators of welfare better represent the status of 
nations with regard to overall well-being, such indicators and their 
trends should be contrasted with those of GDP and GNP. 

Additionally, ecological indicators of biodiversity, sustainability, • 
and resiliency must be better incorporated and appreciated within 
the suite of complementary stewardship indices. These include 
the ecological footprint (http://www.footprintnetwork.org), 
which is under consideration for adoption by the European Union; 
environmental accounting (Lange 2003), which incorporates 
some ecosystem goods and service values into national income 
accounts; ecosystem service valuation (e.g., Daily 1997), and the 
myriad indices of ecological condition or health (e.g., Roset et al 
2007).
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implemented through various means of command and control (e.g., 
taxation, regulation). alternatively, incentives may take the form of 
payments for ecosystem services. Regardless, national monetary policy 
should be designed to stimulate conservation (vs. consumption) of 
natural capital. 

Fundamental to this end are programs that address population 
growth and the IPaT problem. This can be accomplished through 
education, advancing economic opportunity for women and the poor, 
taxes, and subsidies (e.g., payments for family planning and health 
care). Concomitant with these programs would be allied initiatives that 
reduce society’s environmental impact. This could be accomplished 
through re-configuring housing, transportation systems, zoning laws, 
and advancing green infrastructure and low intensity development 
(“wilding” our cities) through incorporating “scruffy places” (Kondolf 
2006) that incorporate lakes, naturalized wetlands, and other aquatic 
ecosystems (even supporting wild fishes) into overall community 
designs. These and similar initiatives, with both functional and 
aesthetic dimensions, underscore linkages between earth stewardship 
and economic efficiency—as long as increased efficiency is directed 
towards resource conservation and non-consumptive uses. 

efficiency perspectives then can move into industrial and energy 
sectors of societies. These perspectives could for example be expressed 
through development of durable goods with increased efficiencies and 
lifetimes (e.g., decreased energy consumption and removal of planned 
obsolescence and conspicuous consumption). Reduced energy demand 
would decrease needs for hydropower (and its negative impacts on 
migratory aquatic species), fossil fuels (and associated negative impacts 
via acidification of streams, mercury contamination of fish tissues, oil 
spills, and climate warming), and power plants situated on water bodies 
(that entrain fish and other aquatic life). 

It is especially incumbent on the u.S., which exemplifies the 
highest population growth rate of the industrial democracies and is the 
poster child for conspicuous consumption, once again to lead the world 
in a different direction (Czech 2000). Our predecessors did exactly this 
with enlightened political discourse in the 1770s, the conservation 
movement of the late 19th century, and enlightened environmental 
protections in the 1970s. 

In this vein, it has long been an obligation of professional societies 
as a group to support progressive policies for which some members, 
acting as individuals, might be threatened with scorn or firing. Such 
progressive policies provide essential political maneuvering space for 
managers, politicians, and citizens to freely discuss challenging issues 
and propositions that might otherwise appear radical or impossible. 
Therefore we, as members of professional scientific societies, call 
on the aFS, religious leaders, scientists, economists, journalists, 
and politicians, working in concert with fisheries and other natural 
resources professionals, to support a markedly reduced ecological 
footprint for much of north america by advocating and deliberately 
moving towards zero then negative population growth and economic 
growth, first in the u.S. and then throughout the north american 
continent. 

We realize that this will not be easy, given current national and 
international policies and political perspectives. We also understand 
that the recommended actions should not occur so rapidly as to 
incur excessive social unrest (as witnessed by the current widespread 
recession). However, we (all north american nations) must move in 
this direction, because a malthusian future in a massively degraded 
world with dysfunctional environmental services will be even more 
unpleasant than the prospects or even the manifestation of social 
unrest. There are multiple examples of societies and civilizations that 
have failed or faded into degraded landscapes (e.g., Diamond 2005), 
so there is no reason to believe that this is impossible for the u.S. 
and other high consuming nations. and because economies, resource 

demands, and environmental threats are global and interlinked, 
solutions ultimately must be global. But before the u.S. and other 
north american nations can take on the role of partnering with the 
global community and move towards a sustainable future, we must 
begin by doing so ourselves. 

We, the authors of this essay, are scientists and managers trained 
to think broadly about ecosystems (including human dimensions of 
ecosystem functioning). We are concerned about the wellbeing of fish 
and fisheries. But our concerns really go much deeper. We are very 
concerned about the wellbeing of this planet and the wellbeing of 
people who live on it. In this regard, we recognize that (1) solutions to 
the challenges we have outlined in this essay must incorporate a focus 
on human behaviors, value systems, cultures and political enterprise, 
and (2) that success will depend on fisheries professionals like ourselves 
working in concert with professional social scientists, economists, 
journalists, political scientists and clergy adequately trained in the 
critical disciplines needed to address (or change) human components 
of ecosystem functioning. We need their help. We need your help. 
It is not something any of us can do alone. Success will depend on 
professional courage coupled with political will…from all of us. a
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