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Abstract The importance of genetic variation for main-

taining biological diversity and evolutionary processes has

been recognized by researchers for decades. This realiza-

tion has prompted agreements by world leaders to conserve

genetic diversity, and this is an explicit goal of the Con-

vention on Biological Diversity (CBD). Nevertheless, very

limited action has been taken to protect genetic diversity on

a global scale. International conservation efforts to halt

biodiversity loss focus on habitats and species, whereas

little or no attention is paid to gene level variation. By this

year, 2010, world leaders have agreed that a significant

reduction of the rate of biodiversity loss should have been

achieved. However, gene level diversity is still not moni-

tored, indicators that can help identify threats to genetic

variation are missing, and there is no strategy for how

genetic aspects can be included in biodiversity targets

beyond 2010. Important findings and conclusions from

decades of conservation genetic research are not translated

into concrete conservation action in the arena of interna-

tional policy development. There is an urgent need for

conservation geneticists worldwide to become involved in

policy and practical conservation work beyond the uni-

versities and research institutions.

Keywords Biological diversity �
Conservation management � Genetic variation � CBD �
National biodiversity strategy and action plan �
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Introduction

Population genetics has been one of the corner stones of

conservation biology ever since it emerged as a science in its

own right (Ehrenfeld 1970; Soulé and Wilcox 1980;

Schonewald-Cox et al. 1983). Over the last three decades

conservation genetics has become an increasingly topical

research field; the importance of genetic variation as a basis

for future biological evolution and to assure long term via-

bility of populations are well establish scientific fundaments

(Frankel 1970; Frankel and Soulé 1981; Avise 2008). How-

ever, outside academia, genetics is still largely overlooked

and neglected in practical management as well as in national

and international policies. Here, I review and exemplify how

implementation of existing international biological diversity

policy work is currently failing with respect to conservation

and sustainable use of gene level biodiversity.

There are several examples of where the importance of

conserving genetic variation and results from conservation

genetics research has been implemented in management.

This includes many zoological parks and gardens where

genetic analyses form the basis for breeding plans with the

aim to reduce loss of genetic variation and minimize

inbreeding (Frankham et al. 2004). Many zoos worldwide

are parts of the World Association of Zoos and Aquariums

(www.waza.org) and similar regional organizations, and

follow genetically based conservation breeding plans for

individual threatened species (Bowkett 2009). Similarly,

within fisheries management the importance of genetic

criteria for maintaining biologically sustainable fisheries

and stocking operations are well known (Ryman and Utter

1987), and at least on some national levels translated into

genetically sound conservation management operations (cf.

US National Oceanic and Atmospheric Administration’s

National Marine Fisheries Service: www.nmfs.noaa.gov).
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In Denmark, concerns regarding the potential negative

genetic effects of large-scale commercial releases of sal-

monids have resulted in a ban for all types of fish releases

where the released individuals originate from anything but

the same population as the native, local stock (i.e., only so-

called supportive breeding; Ryman and Laikre 1991) is

allowed (Nielsen and Hansen 2008).

The importance of genetic variation within plants of

economic importance has resulted in seed banks aimed at

storing genetic material for future need, such as the Sval-

bard Global Seed Vault managed by the Norwegian gov-

ernment, the Global Crop Diversity Trust, and the Nordic

Genetic Resource Center. In e.g. the United States of

America the recognition of below species diversity in the

Endangered Species Act legislation provides the possibility

of listing genetically distinct populations or population

systems as threatened.

Overall, however, the recognition of conservation

genetic concerns in practical management is largely lack-

ing. For example, gene banks for plants other than those of

agricultural and forest interest are missing (Swaminathan

2009), and systematic assessment and monitoring of

genetic variation of most natural plant as well as wild

animal populations are not carried out (Laikre et al. 2008a).

Similarly, large scale genetic manipulation of natural

populations through, for example, harvest and mass relea-

ses occur at increasing rates worldwide without any mon-

itoring of possible effects (Allendorf et al. 2008; Laikre

et al. 2006). The possibilities for change so that genetic

variation is taken into account in conservation management

appear distant as implementation of existing conservation

policies currently fails to acknowledge genetic variation.

Examples of such neglect are summarized in Table 1.

The CBD and genetic variation

With respect to international policy the aim of conserving

and sustainably using biological diversity at the recognized

levels of ecosystems, species, and genes are clearly stated

in the United Nations Convention on Biological Diversity

(CBD; www.cbd.int). Together with the United Nations

Framework Convention on Climate Change (the ‘‘Climate

Convention’’; UNFCCC), the CBD represents key agree-

ments adopted at the second Earth Summit held in Rio de

Janeiro in 1992. The CBD is now the most important

international political instrument for halting biodiversity

loss. Currently, 193 nations are parties to the CBD, rep-

resenting the entire world’s nations except for Andorra, the

Vatican City State, and the United States of America.

Fundamental to the CBD are (outlined in Article 7 of the

convention) the tasks of (i) ‘‘identify[ing] components of

biological diversity’’, (ii) ‘‘monitor[ing], through sampling

and other techniques, the components of biological diver-

sity’’ in order to (iii) ‘‘identify processes and categories of

activities which have or are likely to have significant

adverse impacts on the conservation and sustainable use of

biological diversity, and monitor their effects.’’

The CBD is not a legally binding instrument and

implementation of the convention at the national level rests

with individual countries. Member nations outline inten-

tions of such implementation in their National Biodiversity

Strategy and Action Plan (NBSAP). A review of 24 out of

156 (15%) available NBSAPs revealed that one-third of

these strategies do not explicitly include genetic variation,

and only 20% of the plans recognize the need for moni-

toring this level of diversity (Table 1; Laikre et al. 2010).

Clearly, if genetic diversity is not even recognized in the

NBSAP, much less will this diversity be acknowledged in

practical management when the NBSAP is put into practice.

A number of international services have been created to

assist countries in implementing the CBD. Currently,

however, these services fail to provide adequate informa-

tion or assistance with assessing and monitoring genetic

diversity. For instance, the World Conservation Monitoring

Center, which is run in collaboration with the United

Nations Environment Programme, currently does not deal

with gene level biodiversity (Table 1). Similarly, the Glo-

bal Biodiversity Information Facility (GBIF), created to

collect and provide free and open access to biodiversity

data, is at this point not constructed to deal with informa-

tion regarding gene level biodiversity.

The Global Environment Facility (GEF), the designated

financial mechanism for a number of multilateral envi-

ronmental agreements and conventions including the CBD,

has funded only seven projects that explicitly deal with

genetic diversity among a total of 930 biodiversity projects

(http://www.gefweb.org/ accessed in September 2009).

This represents 0.7% of the number of supported projects

and only 0.6% of the funds awarded to biological diversity

by GEF. The seven projects dealing with genetic diversity

all concern exploited agricultural or forestry species, and

none addresses genetic variation of wild animal or plant

populations that are not of immediate economic value.

Genetics missing in assessing conservation status

The International Union for Conservation of Nature (IUCN)

is the world’s oldest and largest global environmental net-

work. IUCN has a strong impact on international policy

implementation as the organization works to ‘‘bring gov-

ernments, NGOs, United Nations agencies, companies and

local communities together to develop and implement pol-

icy, laws and best practice with respect to conserving the

integrity and diversity of nature’’ (www.iucn.org). However,
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the organization only marginally focuses on the genetic level

of this diversity (Table 1), as exemplified also by the fact

that the IUCN Red List system for classifying threat status of

species does not include any direct genetic criteria. This is in

spite of inbreeding, genetic drift, and loss of genetic diver-

sity being well recognized reasons for reduced viability and

increased extinction risk of populations (Frankham 2005;

O0Grady et al. 2006). Lack of genetic concerns in assessing

species viability is reflected also within European Union

(EU) legislation where the central concept with respect to

biodiversity conservation—‘‘Favourable Conservation Sta-

tus’’—currently is implemented without incorporation of

genetic aspects (Table 1; Laikre et al. 2009).

The 2010 biodiversity target fails on genetics

In 2002, parties to the CBD committed themselves to sig-

nificantly reduce the current rates of biodiversity loss at

global, regional and national levels by 2010 as a ‘‘contri-

bution to poverty alleviation and to the benefit of all life on

Earth.’’ This 2010-biodiversity target was subsequently

endorsed by the World Summit on Sustainable Develop-

ment and the United Nations General Assembly and

incorporated as a new target under the UN Millennium

Development Goals (http://www.un.org/millenniumgoals/).

To meet the 2010 biodiversity target, several efforts have

been made to identify means for detecting changes in bio-

logical diversity. CBD has proposed 22 indicators to assess

progress towards the 2010 target. These include threatened

species listings, such as the IUCN Red List, coverage of

protected areas and abundance of selected species. The

2010 Biodiversity Indicators Partnership is an international

service that ‘‘brings together a host of international orga-

nizations working at the forefront of biodiversity indicator

development to assess progress towards the 2010 target’’. It

uses 17 ‘‘headline indicators’’. In Europe, the initiative

Streamlining European 2010 Biodiversity Indicators

(SEBI2010) aims to develop a European set of biodiversity

indicators to assess and inform about progress towards the

European 2010 targets. SEBI2010 currently uses 26 indi-

cators. In each of these cases only one indicator deals with

genetic diversity, and that one focuses exclusively on ani-

mals and/or plants of economic importance—primarily

domestic stocks (Table 1). No indicators currently exist for

safeguarding gene level biodiversity of natural populations.

Millennium ecosystem assessment notes lack of genetic

considerations

The Millennium Ecosystem Assessment (MA) was called

for by the United Nations Secretary-General Kofi AnnanT
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and was initiated in 2001. The objective of the MA was to

assess the consequences of ecosystem change for human

well-being and the scientific basis for action needed to

enhance the conservation and sustainable use of those

systems. The reports from the MA note that loss of genetic

diversity decreases the resilience of ecosystems, that

genetic diversity has declined globally with respect to

domestic species, and that there are few data on the actual

changes in the magnitude and distribution of genetic

diversity (Millennium Ecosystem Assessment 2005).

Nevertheless, in the most recently published Global

Diversity Outlook, the ‘‘flagship publication’’ from the

CBD (Secretariat of the Convention on Biological Diver-

sity 2006), the need for increased focus on genetic varia-

tion of wild species is not mentioned.

Obviously, the gene level of biological diversity,

although recognized in international policy, lags dramati-

cally behind with respect to practical implementation,

conservation and sustainable use efforts. Important findings

and conclusions from decades of conservation genetic

research largely rest with the scientific community, and are

not translated into concrete conservation action in the arena

of international policy development. This needs to change

if potentially disastrous prospects with hampered future

evolution and adaptation of wild animal and plant resour-

ces are to be avoided.

Scientific input needed in CBD process

Overall, there is a lack of scientific involvement in the CBD

processes in general, and particularly with respect to con-

servation genetics. The scientific board of the convention—

the Subsidiary Body on Scientific, Technical and Techno-

logical Advice (SBSTTA)—is increasingly being politi-

cized, effectively halting scientific discussion and progress,

thereby strongly limiting the quality of the recommenda-

tions to the decision taking biannual Conference of the

Parties (Laikre et al. 2008b). Also, the SBSTTA leads a very

anonymous existence, and few conservation biologists and

geneticists are even aware of it. As an example, at the

Trondheim Conservation Genetics Conference in May 2009

only one out of c. 150 conservation geneticists had ever

heard of the SBSTTA. This is in striking contrast to the

scientific panel of the Climate Convention IPCC (Inter-

governmental Panel on Climate Change) which, together

with Al Gore, received the Nobel Peace Prize in 2007.

The need for a stronger scientific platform for the CBD

has resulted in discussions of creating a new body for

scientific advice on biodiversity issues. Discussions in this

context have included suggestions for an International

Mechanism of Scientific Expertise on Biodiversity

(IMoSEB), but presently the creation of something called

IPBES (Intergovernmental Platform on Biological Diver-

sity and Ecosystem Services) receives stronger support.

However, few conservation genetics scientists are

involved in these discussions, as exemplified again from

the Trondheim Conference where only two of the c. 150

participants had heard of IPBES.

Perspectives for increased conservation genetic

concerns in policy

Clearly, there is an urgent need for incorporation of con-

servation genetics in international policy. To achieve this,

conservation geneticists worldwide need to get more

actively involved in policy work and in their countries0

implementation of the CBD. Also, policy makers currently

pushing the idea of an IPBES or a similar forum need to

recognize that if such a platform is to fill the requested

need for stronger scientific input in the CBD process, then

the scientists themselves must be involved in the creation

of this body. Likewise, reasons for scientists to become

involved must be created and put forward.

There are several ways in which the shortcomings

exemplified in Table 1 can be reversed. One important step

is to develop indicators that can aid in detecting trends of

loss of genetic diversity. Currently, the only international

indicator focusing on genetic variation refers to domestic

breeds. It is vital that conservation geneticists are asked for

advice in future discussions concerning modification of

present indicators.

With respect to neglect of genetic diversity within

various organizations that deal with conservation of bio-

diversity, it appears feasible to supplement them with

genetic expertise/focus. For example, it should be possible

to create a specialist group within the IUCN that focuses

on genetic variation, or a cross-cutting issue within the

CBD process that focuses on gene level of biodiversity.

Such measures would highlight the need for addressing

concerns regarding this level of diversity in all of the

CBD programs of work. Similarly, such a cross-cutting

issue would put increased pressure on parties to the

convention to implement the CBD also with respect to the

gene level diversity within their own countries. The GBIF

could most likely be modified to include information on

genetic diversity, as could the UNEP-WCMC.

During 2010 we celebrate the International Year of

Biodiversity and evaluate progress towards the 2010 Bio-

diversity Target. During this year conservation geneticists

and policy makers need to make sure that genetic diversity

is not neglected in future efforts to halt the erosion of

global biodiversity.
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