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Changes in the perception and goals of nature conservation require a solid scientific basis

          C
onservation biology is a mission-

driven discipline ( 1) and is therefore 

subject to both drift and the periodic 

adoption of fads and fashions ( 2). 

Although many basic conservation 

principles, conservation organiza-

tions, and initiatives of global reach and 

impact have persisted almost unchanged 

for decades, the framing and purpose of 

conservation have shifted ( 3). These shifts 

mainly relate to how the relationships be-

tween people and nature are viewed, with 

consequences for the science underpinning 

conservation.

There have been four main phases in 

the modern framing of conservation in the 

developed world (see the figure). Conserva-

tion thinking before the 1960s was broadly 

of the “nature for itself” type, which priori-

tizes wilderness and intact natural habitats, 

generally without people, and has scientific 

underpinnings from wildlife ecology, natural 

history, and theoretical ecology. This think-

ing continued throughout the 1960s, with a 

focus on species conservation and protected 

area management, and remains a dominant 

ideology for many people today.

In the 1970s and 1980s, rapid increases in 

the impacts of human activity and aware-

ness of the consequences of habitat destruc-

tion, overharvesting, and invasive species 

led to the emergence of “nature despite 

people” conservation. Here, the focus is on 

threats to species and habitats 

from humans, and on strate-

gies to reverse or reduce them. 

Ideas concerning minimum vi-

able population sizes and sus-

tainable harvesting levels, as 

well as intense debates about 

community-based management 

and the sustainable use of wild-

life, stem from this period ( 4) and persist to 

the present.

By the late 1990s, there was ample evidence 

that pressures on habitats were ubiquitous 

and persistent, and that the best endeavors 

of conservation were failing; extinction rates 

were escalating and pressures on biodiver-

sity increasing relentlessly ( 5). A realization 

developed that nature provides crucial goods 

and services that are irreplaceable yet had 

been consistently ignored ( 6). 

As the costs of environmental 

mismanagement started to accu-

mulate, the potential benefits to 

be gained from taking more seri-

ously these services from nature 

became clearer ( 7,  8). Conserva-

tion thinking moved away from 

species and toward ecosystems 
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as a focus for integrated management, with 

the goal of providing sustainable benefits for 

people in the form of ecosystem goods and 

services ( 9)—“nature for people.”

The work on the Millennium Ecosystem 

Assessment ( 10) was a key driver of the 

widespread adoption of this way of think-

ing about the natural environment. Many 

of the ideas were quickly adopted into con-

servation practice and environmental policy, 

although not without strong and persistent 

detractors ( 11). A wider acceptance of the 

notion that people are part of ecosystems 

emerged, and the tendency to treat people 

and nature as separate units in discourse 

and analysis was much reduced, although 

not completely eliminated.

The focus on nature’s benefits and eco-

system services has been very influential. 

Tropical rain forest, Sinharaja, Sri Lanka. In recent decades, views of the relationship between humans and nature 

have changed in tandem with increasing impacts of human activities on natural systems.
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However, in recent years the emphasis has 

moved from a potentially overly utilitarian 

perspective—managing nature to maximize 

the overall value of the human condition—to 

a more nuanced one that recognizes the two-

way, dynamic relationships between people 

and nature ( 12). This “people and nature” 

thinking emphasizes the importance of cul-

tural structures and institutions for devel-

oping sustainable and resilient interactions 

between human societies and the natural 

environment. It operates at a range of scales 

from global to local and has intellectual ori-

gins in resource economics, social science, 

and theoretical ecology ( 12,  13).

These shifts in focus have occurred over a 

relatively short period, resulting in a plural-

ism of views and motives that now underpin 

conservation. Current conservation science 

and practice includes all four framings, some-

times in mutually supportive implementa-

tions, but increasingly the differences in 

underlying ideologies can cause frictions and 

tensions. For example, the North American 

conservation NGO The Nature Conservancy 

recently moved away from a focus on pres-

ervation, toward exploiting opportunities 

for conservation outcomes that businesses 

will invest in for their own benefit. This 

move has led to lively debates in the litera-

ture between some strongly held and diver-

gent viewpoints ( 14).

The multiple framings also have conse-

quences for conservation science, because 

the scientific tools and techniques have not 

always kept pace with the concepts and ob-

jectives. There are many implications, as 

shown in the three activities highlighted 

here: measuring conservation success, de-

signing ecosystem management, and assign-

ing economic value to nature.

Under a “nature for itself” framing, con-

servation success can be measured with 

well-established metrics based, for example, 

on changes in the number of species listed 

in the IUCN Red List of Threatened Species 

or on the coverage of protected areas ( 15). In 

“nature despite people,” these measures can 

be separated by threat type, and efforts made 

to report on species and areas that are not 

yet at risk but will soon be if pressures do 

not abate. But the ecosystem-based fram-

ings—“nature for people” and “people and 

nature”—require metrics that link nature 

to human well-being, explicitly identifying 

benefits needed and received by people ( 16). 

These metrics are very different from those 

of species and protected areas.

Measuring conservation success is surpris-

ingly difficult when nature and people are 

considered together. For example, it is widely 

assumed that conserving the greatest num-

bers of wild species and intact habitats will 

be consistent with maximizing the ecosystem 

services that these areas provide to people. 

Yet, although most ecosystem functions are 

enhanced with more ecological and species 

diversity ( 17), adequate supplies of food or 

clean water for growing human populations 

have come from converting intact wilderness 

into land for agriculture, and canalizing or 

even draining many rivers and wetlands, 

thus reducing diversity. The ways in which 

nature contributes to human well-being are 

complex ( 18), and the commodification of 

nature, even with the best intentions, will 

have unintended and potentially deleterious 

outcomes for conservation ( 11).

The “people and nature” framing rejects 

the linear relationship characteristic of “na-

ture for people,” instead envisaging a much 

more multilayered and multidimensional re-

lationship that is difficult to conceptualize, 

let alone to measure. Attempts to develop 

large-scale metrics for conservation thus re-

sult in a plethora of measures. The strategic 

plan for the UN Convention on Biological 

Diversity includes 20 targets and some 100 

indicators that include addressing the un-

derlying causes of biodiversity loss, reducing 

direct pressures on biodiversity, promoting 

sustainable use, safeguarding ecosystems, 

promoting species and genetic diversity, and 

enhancing the benefits to all people ( 19). 

Given the complex processes and interac-

tions behind these indicators, contradictory 

messages will inevitably emerge, and unam-

biguous signals for policy are likely to be 

hard to find.

The different framings also have impli-

cations for ecosystem management. In the 

“people and nature” view, the science has 

moved fully away from a focus on species and 

protected areas and into a shared human-

nature environment, where the form, func-

tion, adaptability, and resilience provided 

by nature are valued most highly. However, 

these terms mean something else in human 

societies than in ecology. In human societ-

ies, a simple behavior change or technologi-

cal innovation can enhance adaptability and 

resilience, but for species, ecological com-

munities, and ecosystems, adaptability and 

resilience result from biophysical processes 

that require the right components to be in 

place over scales of space and time that may 

not be amenable to human management. For 

example, reversing long-term declines in old-

growth forests or recovering the full extent of 

marine trophic systems may take centuries, 

far beyond the normal time scale for envi-

ronmental policies. In these natural systems, 

once lost, there are complex processes to be 

recovered that are often not well understood, P
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and a long-term commitment is required to 

restore or recover them.

A third implication of the multiple fram-

ings concerns the role of valuation. Most en-

vironmental decisions are made on the basis 

of economic arguments that consider costs 

and benefits, usually based on monetary 

values. By not having good metrics or by re-

jecting the idea of valuation in principle ( 20) 

because of its stark formulation in a “nature 

for people” framing, conservationists may 

cause nature to be excluded from such deci-

sions. If the benefits provided by nature are 

assigned no value, they are treated as having 

no value, and current trends in the decline 

and deterioration of natural systems will 

continue.

The differences among the framings 

are not as stark as they appear. Despite its 

strong focus on humans, “people and na-

ture” may actually be very similar to “nature 

for itself.” Both framings can include peo-

ple’s hopes and desires about the environ-

ment that they wish to live in and leave to 

their descendants. “People and nature” has 

traction with other societal needs from the 

environment and connects better to policy 

because it has a broader focus. Yet there is a 

risk that any implementation of “people and 

nature” will lack the analytical foundations 

that made the earlier framings both deliver-

able and measurable.

Hopefully the many important features 

of “people and nature” will continue to be 

the focus for conservation over the coming 

decades. By sustaining a coherent and in-

clusive focus and by developing the relevant 

science, tools and decisions should emerge 

that can ensure a better future for people 

and nature.        ■
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           A
utoimmunity arises from self-reac-

tive T and/or B lymphocytes, and 

underlies a wide range of conditions, 

from endocrine disorders to blood 

cytopenias. Genetic epidemiologi-

cal studies have long suggested that 

many autoimmune conditions have an in-

herited component. Autoimmunity is often 

described as having polygenic or complex 

inheritance. However, both descriptions 

are too general to adequately describe the 

considerable heterogeneity in patients and 

conditions. Spectacular progress in the 

genetic dissection of autoimmunity has 

come from Mendelian stud-

ies of young patients with 

rare, distinctive conditions. 

Less has been learned from 

population-based, genome-

wide association studies of 

more common, clinically less 

h o m o g e n e o u s c o n di t i o n s. 

The three best-characterized 

monogenic autoimmune dis-

orders are autoimmune poly-

endocrinopathy syndrome 

type 1, X-linked immunop-

roliferative enteropathy, and 

autoimmune lymphoprolierative syndrome 

( 1). On page 1623 of this issue, Kuehn et al. ( 2) 

add to this list. Patients with only one func-

tional copy of the gene encoding cytotoxic T 

lymphocyte antigen 4 (CTLA4) suffer from 

severe autoimmunity. These heterozygous 

mutations result in a new phenotype, with 

infiltration of nonlymphoid organs, such as 

the intestine, lungs, and brain, by hyperac-

tive T cells and B cells, along with more clas-

sic signs of autoimmunity.

CTLA4 is expressed on the surface of T 

cells. It competes with CD28 to bind B7 mol-

ecules expressed on antigen-presenting cells 

and its activation inhibits the proliferation 

of effector T cells and stimulates the sup-

pressive functions of regulatory T cells (3). 

These effects help maintain tolerance to self-

antigens, as shown by the severe autoimmu-

nity in mice lacking both copies of the Ctla4 

gene ( 4). The physiological importance of 

Partial deficiency in the protein CTLA4 underlies severe 
autoimmune disease with incomplete penetrance

IMMUNOLOGY

Autoimmunity by 
haploinsufficiency

By Frédéric Rieux-Laucat 1 ,2 and 

Jean-Laurent Casanova 2 ,3, 4, 5   

human CTLA4 was recently highlighted by 

the success of treatments based on CTLA4-

blocking antibodies in patients with some 

cancers (5). Kuehn et al. report that patients 

heterozygous for a loss-of-function CTLA4 al-

lele have a phenotype similar to that of mice 

homozygous for a loss-of-function Ctla4 al-

lele, whereas heterozygous mice have no 

detectable phenotype ( 2,  4). Moreover, auto-

somal dominant CTLA4 deficiency displayed 

incomplete penetrance, as some heterozy-

gous individuals were asymptomatic. This 

illustrates the similarities and differences 

between the small number of inbred mouse 

strains studied in experimental conditions 

and the large numbers of outbred human 

kindreds observed in natural conditions ( 6).

Since the identification of mutations in 

the ADA gene encoding adenine deaminase 

as causal for severe combined immunodefi-

ciency in 1985 ( 7), the genetic basis of more 

than 250 inborn errors of immunity has been 

determined. Studies initially focused on the 

conditions underlying severe infections de-

scribed in the 1950s, but then shifted to the 

analysis of inherited forms and combinations 

of infection, allergy, autoinflammation, and 

autoimmunity (8).

The field of primary immunodeficiencies 

has also diversified considerably in terms 

of the modes of inheritance. The autosomal 

dominant pattern of inheritance is common 

to only about 50 immunological conditions, 

most of which have been discovered in the 

past decade. Even more unusual is the un-

derlying mechanism of haploinsufficiency, 

which was first reported in 1989 for a con-

dition called angioedema ( 9). Haploinsuf- IL
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