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DRAFT
Cryopreservation and Banking of Animal Germ Plasm for Species
Conservation: An Imperative for Action by the
Captive Breeding Specialist Group

W.F. Rall, J.D. Ballou and D.E. Wildt
National Zooclogical Park, Smithsonian Institution
Washington, DC 20008-~2598 USA

SUMMARY

Conservation efforts for rare animal species currently focus on
programs to protect populations in natural habitat (in gitu) and in
captivity (ex situ). The ultimate aim of both approaches is to
maximize both global biodiversity and genetic diversity. The
systematic cryopreservation and banking of germ plasm from free-
living and captive populations provide new opportunities to control
and manage bio- and genetic diversity. Despite the widely
acknowledged benefits of this approach, the development of genetic
resource banking programs is hampered by the lack of a mechanism to
integrate this activity with other conservation activities.

We propose that the CBSG act immediately to provide leadership for
international coordination. The CBSG should assume responsibility
for developing programs that encourage germ plasm banking as an
integral component of in situ and ex situ conservation efforts.
Specifically, the CBSG should: 1) draft and seek adoption of an
IUCN Position Statement on the role of gerim plasm banking in
management and research programs to conserve endangered species; 2)
establish a Genetic Resource Banking Oversight Committee to
formulate global guidelines for the establishment, operation and
review of animal genetic resource banking programs; and 3) develop
a formal process that would assist the development of Genetic
Resource Banking Action Plans. It is likely that extensive
regional and international planning is required to establish and
operate such banking programs and ensure the ultimate utility of
the banked materials.

INTRODUCTION

Increasing numbers of species face extinction in their native
habitat usually as a result of the direct or indirect actions of
man. The survival of a species in the wild is thought to depend on
a secure native habitat that is sufficiently large to support a
population meeting certain genetic and demographic requirements
(Soule 1987). Most of the important requirements are related to
the properties and characteristics of the population as a whole,
such as its size, life~history characteristics and the nature of
the gene pool contained therein. The latter, especially genetic
variations (i.e. polymorphism) within populations or communities of
individuals, plays an important role in many of the critical
biological processes related to species conservation, including
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extinction (Ehrlich and Ehrlich 1981), inbreeding depression (Ralls
et al. 1988), speciation (Templeton 1989) and natural selection
(Frankel and Soule 1981). The loss of biological resources as
embodied in species resulting from aeons of evolutionary adapta-
tions is recognized as a major international concern. For this
reason, it is generally recognized that every possible avenue
should be taken to conserve bio- and genetic-diversity (Wilson

1988). :

Conservation efforts consist of both: 1) 'in situ' conservation
. programs that protect and manage animal populations within their
natural, native habitat; and 2) 'ex situ' conservation prograns
that remove individuals, gametes or embryos from wild populations
for controlled breeding and management in captivity. Although
habitat protection is acknowledged to be the most efficient
approach for conserving bio-and genetic-diversity, for some
species, in situ conservation alone can not be relied upon to
ensure the long-term viability of species at risk (Conway 1988,
Soule 1991). Continued human population growth and the biopoliti-
cal, environmental and social consequences of that growth regquire
ex situ approaches as critical components of integrated conserva-
tion (McNeely et al. 1990).

Currently, ex situ efforts for animal species at risk of extinction
focus on captive propagation (Soule et al. 1986, Foose et al.
1986) . The immediate goal of such programs is to manage popula-
tions of a species so as to retain maximum genetic diversity.
Ultimately, such captive populations would serve as a source of
individuals for release into restored habitat or to infuse genetic
diversity into inbred, free-living populations. This can be
accomplished only if a significant fraction of the overall genetic
diversity existent in the wild population is incorporated into and
retained by the captive population. Most captive breeding programs
seek to maintain 90% of the captive population's initial genetic
diversity for 200 years (Ballou 1991), as recommended by Soule et
al (1986). Unfortunately, the world's zoos and bioparks do not
have sufficient capacity to house the numbers of animals needed to
meet the habitat crisis facing wild animals. For example,
estimates suggest that space currently is available in North
America for only about 100 mammalian species in populations large
enough to meet the required genetic and demographic goals (Conway,
1987). This compares to the 815 mammalian species estimated by
Soule et al. (1986) that would require captive propagation programs
during the next 200 years.

UTILITY OF GENETIC RESQURCE BANKS FOR IN SITU AND EX SITU CONSERVA-
ROGRAMS

The efficiency and efficacy of captive breeding can be increased
many-fold by applying recent advances in reproductive biotechniques
(Wildt 1989, 1991). Perhaps the most important advance is germ
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plasm cryopreservation or the low-temperature storage and banking
of spermatozoa, embryos and oocytes. Germ plasm cryopreservation
currently plays an important role in domestic livestock
agriculture, especially in the international movement of disease-
free, genetically-superior individuals. The development of banks
of cryopreserved germ plasm for nondomesticated species offers many
important advantages for conserving and managing the genetic
diversity within existing populations. Specifically, an animal
genetic resource bank:

1. Reduces the number of animals that must be maintained in
captivity by extending the generation interval of a species
indefinitely. Thus, the genetic diversity of a founder does not
die with the animal, but remains viable and available for use in
future generations. :

2. Provides a high degree of security against the loss of diver-
sity or entire species from epidemics, natural disasters and
social/political upheavals.

3. ©Serves a vital, interactive role between in gitu and ex gitu
conservation programs. Such interactions prevent unintended
selection pressures in captivity, preserve new diversity resulting
from natural evolutionary processes in free-living populations, and
permit 'infusions' of genetic diversity into fragmented populations
suffering from genetic drift or inbreeding depression. This
strategy also eliminates the need to remove additional animals from
the wild or introduce captive animals into wild free-living
populations.

4. Provides a method for improving food production and the economy
of local communities by inter-species hybridization with domesti-
cated species (e.g. hybridization of rare species of cattle with
domesticated breeds).

5. Allows ready access to systematic collections of rare bio-
logical specimens for research in conservation biology or other
'life*' sciences.

The importance of germ plasm resource banks for conserving the
genetic diversity of wild fauna has been recognized since the first
reports of successful cryopreservation of spermatozoa (Polge et al.
1949) and mammalian embryos (Whittingham et al. 1972). oOver the
past two decades, reports of various public- and privately-
sponsored task forces have stressed the need for germ plasm
repository programs to be established for conservation purposes.
These include:

1. Conservation of Germplasm Resources: A&n Imperative. National
Research Council, National Academy of Sciences, Washington DC,
UsA, 1978.

2. Animal Genetic Resources: Conservation and Managenment.

3
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Proceedings of the FAO/UNEP Technical Consultation, FAO Animal
Production and Health Paper No. 24, Rome Italy, 1981.

3. Animal Germplasm Preservation and Utilization in Agriculture.
Council for Agricultural Science and Technology, Report No.
101, September 1984, Ames, Iowa, USA.

4, U.S. Strategy on the Conservation of Biological Diversity.
Interagency Task Force Report, U.S. Agency for International
Development, Washington DC, USA, 1985.

S. Technologies to Maintain Biological Diversity. U.S. Congress,
Office of Technology Assessment, Report OTA-F-330, U.S.
Government Printing Office, washington DC, USsa, 1987.

6. Research Priorities for Single Species Conservation Biology.
A workshop sponsored by the U.S. National Sc1ence Foundation,

Washington, DC, 1989.

THE P EM

Despite all the publicity directed at the issues of declining
habitat, species extinction, loss of genetic diver51ty and the
potentlal contributions of germ plasm banking, it is remarkable
that no organized programs exist to sample, evaluate, cryopreserve,
maintain and use germ plasm from wild animal species. Furthermore,
there are no guidelines for establishing such germ plasm banking
programs or integrating them with other conservation programs. As
vyet, no single organization with a role in the international
coordination of conservation efforts has provided guidance or

oversight.

There are several organizational and procedural matters that must
be addressed before the full potential of genetic resource banks
can be realized for international conservation purposes. We
propose that the CBSG immediately provide a leadership role to
remedy the lack of international oversight and coordination. The
CBSG should assume responsibility for developing programs that
encourage germ plasm banking as an integral component of in situ
and ex gitu conservation efforts. Specifically, the CBSG should:
1) draft and seek adoption of an IUCN Position Statement on the
role of germ plasm banking in management and research programs to
conserve endangered species; 2) establish a Genetic Resource _
Banking Oversight Committee to formulate global guidelines for the
establishment, operation and review of animal genetic resource
banking programs; and 3) develop a formal process that would assist
the development of Genetic Resource Banking Action Plans. Other
important elements of these overall activities include the
coordination of activities within the Species Survival Commission
to identify species conservation programs that would benefit from
germ plasm banking, and assisting efforts to secure sources of
funding for international germ plasm banking activities. Discus-
sion of each of these critical needs follows.
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ENCOURAGE JINTERNATIONAL GERM PLASM BANKING ACTIVITIES

Germ plasm banking activities can best be encouraged by education
programs to inform the public, conservation managers and

. conservation researchers of the benefits resulting from the
systematic banking of genetic resources. Examples of current
applications and the conservation and research benefits of germ
plasm banking can be drawn from type-culture collections of
microorganisms and cell cultures (Colwell 1976, Edwards 1988), the
commercial cattle breeding industry (Seidel, G.E. 1990) and banks
of embryos from genetically-defined strains of laboratory rodents
(Mobraaten 1981).

ongoing international programs for the ex situ conservation of -
plant genetic resources provide a useful model (Cohen et al. 1991).
Efforts for developing collections of crop germ plasm are well
advanced. International coordination of crop germ plasm
conservation is provided by the International Board for Plant
Genetic Resources (IBPGR) and the Consultative Group on
International Agricultural Research (CGIAR). At present, 14 major
agricultural research centers have been established in developing
regions, each developing base collections of germ plasm for the
major food crops. Funding for these activities is approximately
US$300 million per year. Comparable efforts for domestic animal
species are modest. Currently there is no ‘International Board of
Animal Genetic Resources' to coordinate international efforts to
conserve agriculturally-important sources of animal germ plasm.
However, the Food and Agriculture Organization (FAO) of the United
Nations has established an initiative to establish germ plasm banks
in developing regions. Coordination of FAO and wild animal
conservation and germ plasm banking activities would be best
provided through the CBSG.

IUCN POSITION STATEMENT ON ANIMAL GENETIC RESOURCE BANKING

One method of highlighting the potential benefits of active genetic
resource banking programs is to seek an official position statement
by the IUCN. The statement should be drafted jointly by the CBSG
and the Chairman of the Species Survival Commission (SSC) of the
IUCN. Information and review of the statement should be solicited
from other SSC Specialist Groups prior to submission to the IUCN
for approval. We suggest that the statement emphasize the
importance of coordinated in situ and ex situ conservation programs
for endangered species. The role of germ plasm banking in
preserving important sources of genetic diversity and in providing
a means for moving genetic diversity between captive and free-
living populations should be stated. The CBSG should be designated
to be responsible for oversight of germ plasm banking activities
within the Species Survival Commission. Finally, the CBSG should
be directed to coordinate and review international aspects of
banking programs for nondomesticated animal species.

5
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FORMULATE GLOBAL GUIDELINES FOR THE ESTABLISHMENT, OPERATION AND

REVIEW OF ANIMAL GENETIC RESQURCE BANKS

A key factor to ensuring the success of animal genetic resource
banks (GRBs) is to ensure that they are established using rigorous
scientific criteria and state-of-the~art technology. Because
limited resources are available, difficult choices will need to be
made on which species can derive the maximum benefit from this
approach. At present no guidelines exist to assist in formulating
action plans for establishing and operating a genetic resource
bank.

To assist the CBSG in developing such guidelines, we suggest the
following sequence as a first attempt to address many of the
important issues. This working plan was modified from one
suggested recently by one of us (Rall 1992).

GENETIC RESOURCE BANKING OVERSIGHT COMMITTEE

STEP 1. The first step in establishing integrated GRBs is to
establish a GRB Oversight Committee under the auspices of the CBSG.
This committee should be composed of 8 to 15 members. The composi-
tion must include one or more experts from each of the following
areas: 1) cryobiologist; 2) reproductive physiclogist; 3)
population biologist; 4) geneticist; 5) veterinarian; 6) in situ
conservation biologist; 7) ex situ conservation manager; and 8) the
chairmen of regional cryopreservation task force committees.
Furthermore, the chairmen (or their representative) of all SSC
specialist groups should serve as ad hoc nmembers.

STEP 2. The second step is to define the responsibilities of the
committee and formulate a formal process for establishing GRBs. We
propose five basic missions for the GRB Oversight Committee:

1. Coordinate GRB activities within the SSC and regional propaga-
tion groups. The GRB Oversight Committee would assist SSC taxon
Specialist Groups, regional taxon advisory and captive propagation
groups achieve their goals of conserving rare species. This can be
accomplished by integrating the consideration of GRBs directly into
the framework of strategic planning processes of population
viability assessment and conservation action plan (PVA/CAP)
workshops. These activities require that an expert resource
network be established to provide advise on all technical matters
related to GRBs and their utility.

2. Establish guidelines for identifying candidate taxa, species or
populations that would benefit from a GRB program. These guide-
lines should be detailed and assist in the development of strategic
GRB Action Plans for conserving specific animal populations. The
single most important consideration is to ensure that there is a
defined conservation goal that requires the collection and storadge

6
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research and protocol development.
f. The effects of potential restrictions on the importation
and exportation of animals and animal products must be evaluated.
g. And other factors as appropriate for the specific
candidate species or population.

Scenario 2. An animal population has declined to low numbers
(<100) and is expected to recover slowly. The population is
expected to lose heterozygosity rapidly (>0.5% per generation and
be subjected to genetic drift. A propagation/management plan has
been initiated with the goals of protecting current levels of
genetic diversity, preventing the loss of diversity in specific
elderly founders and increasing the size of the population. We
propose that such a population would be a candidate for an energen~
Cy GRB program if the following minimum requirements are met:

a. The populations must be potentially viable by demographic
and genetic criteria. This information is best obtained from a
recent population viability assessment (PVa).

b. There is a reasonable expectation that captive propagation
will be successful. For example, a taxonomically-related species
or subspecies has been successfully bred in captivity.

c. There is a reasonable expectation that GRB-associated
reproductive techniques (e.g. germ plasm collection and cryo-
preservation, artificial insemination, embryo transfer) will be
successful. For example, these procedures have been successfully
applied in a taxonomically-related species or subspecies,

d. Aand other factors as appropriate for the specific
candidate species or population.

Scenario 3. A free-living population has declined rapidly and
satisfies the 'critical' or ‘endangered’ categories of the Mace-
Lande criteria for threatened taxa (Mace and Lande 1991). Factors
leading to the decline have been identified and a management plan
has been initiated to maintain the population at low numbers
(<2000) for many generations (5 to 20) before an increase in
population size is expected. The population remains at risk to a
further rapid decline that may reduce genetic diversity to unac-
ceptable levels. One management goal is to develop a secure ex
situ program to provide a reinfusion of genetic diversity in the
event of a future decline. We propose that such a population would
be a candidate for a GRB program if the following minimum require-
ments are met:

a. There is a reasonable expectation that GRB-associated
reproductive techniques (e.g. germ plasm collection and cryo-
preservation, artificial insemination, embryo transfer) will be
successful. For example, these procedures have been successfully
applied in a taxonomically-related species or subspecies.

b. Aanimals with known or identifiable genetic backgrounds
should be available to serve as founders of a GRB.

C. Sufficient numbers of ‘'surplus' females and males must be
available to act as recipients to demonstrate the viability of
cryopreserved germ plasm and serve as a source of material for

8
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research and protocol development.
d. And other factors as appropriate for the spec1flc

candidate species or. population.

DEVEILOPMENT OF ACTION PLANS FOR GENETIC RESQURCE BANKS

STEP 3. The primary responsibility for developing GRB Action Plans
properly resides with those groups with specific responsibilities
for in situ and ex gitu conservation of specific taxa, species and
populations (e.q. taxon Specialist Groups, Taxon Advisory Groups
and regional captive propagation groups). These groups should be
encouraged to include the development of GRBs as an integral
component in their strategic conservation planning (e.g. Captive
Action Plans, Taxon Action Plans). The first step in the process
occurs when a group identifies a specific conservation goal for a
- taxon, species or population that requires the collection and
storage of biological materials. The needs and characteristics of
the candidate animal population(s) would be evaluated in terms of
the requirements listed in the appropriate scenario listed above.
If analysis of these factors suggest that conservation efforts
would be enhanced or ensured by a GRB program, the group would
petition the CBSG of their intent to develop such an action plan.

The GRB Oversight Committee would review the petition and, if
approved, would assist the conservation group in organizing a
working session meeting to further evaluate the conservation needs
and develop a detailed action plan. The role of the Oversight
Committee would be to identify technical experts who can assist in
this effort. The specific goals of the meeting would be to:

1. Assemble and evaluate available information on the life-,
reproductive~ and genetic histories of ex gitu and in situ popula-
tions of interest. Much of this information would be available for
recent propagation/management (e.g. SSP, TAG) and PVA materials.

2. Evaluate the efficiency and efficacy of reproductive technol-
ogies for the candidate species, such as artificial insemination,
embryo transfer, in vitro fertilization, gamete and embryo cryo-
preservation and collection of spermatozoa, oocytes and embryos.
Areas reguiring further research or development would be
identified.

3. Identify the types of bioleogical material requiring storage.
It should be noted that a wide variety of different biological
materials might be cryopreserved and stored depending on the goals
and needs of the conservation program (see Table 1).

4. Specify the appropriate protocols for banking activities.

These include: o
a. The criteria used to select material(s) for accession,

determine the quantity of material from each donor and identify

9




69,1191 26:32 @11

appropriate uses of the material.

b. Procedures for collection, processing, cryopreservation,
shipping, thawing and other treatments. The minimum quality
control standards for each process and overall viability would be
identified.

c. The appropriate repository equipment, facilities, security
and management systems that ensure the ultimate utility of the
banked materials would be identified.

d. If any of the above items are unknown, specific areas
requiring further research should be identified.

5. Determine the location of the primary repository for storage of
cryopreserved materials and secondary backup sites.

6. Develop strategies for the use of banked materials in breeding
and conservation research programs.

7. Identify sources of funding for the GRB Action Plan.

If analysis of the these factors indicates that a GRB program would
benefit conservation, the petitioning organization would prepare a
written Action Plan for developing a GRB program.

EVIEW AND APPROVAL OF PROPQS CTION PLAN FO GENETIC RESOUR
BANK

STEP 4. Identifying the appropriate authority for reviewing GRB
Action Plans is complicated by the overlapping purviews of
national, regional and international organizations and their animal
propagation/management programs. We suggest that the proposed GRB
Oversight Committee is the most appropriate organization because of
the very nature and responsibilities of the CBSG. First, by
definition, genetic resource banking programs represent a form of
ex situ captive propagation. Second, GRB activities are inter-
national in that technical experts and populations of most rare
species are located on several continents. Third, GRB progranms
require integration with other in situ and ex situ conservation
programs. However, in many cases, regional cryopreservation task
force committees will play an important role in regional coordin-
ation and development of these programs. In those cases, we
propose that the GRB Action Plan be reviewed by both the regional
banking authority and CBSG GRB Oversight Committee. After
approval, the plan would be implemented and collection, storage and
use of biological materials can begin.

CONCLUSION

The development of animal Genetic Resource Banks offers unique
opportunities to control and manipulate the effects of time in the
management and conservation of rare species. The ideas proposed

10
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here are intended to help stimulate discussion about the process on
a formal basis. Many important questions remain to be resolvedq,
including the translation of banking germ plasm into live off-
spring. However, many recent reports of successes using artificial
breeding techniques indicate the potential of reproductive bio-
technology. The further development of strategies:proposed here
will ensure that GRBs are not merely an interesting idea or static
warehouses of bioclogical materials but facilitators for
conservation.

Table 1. Biological Materials for Germ Plasm Banking and
conservation Research.

Long—-term

Storage Examples of
Material Type Conditions bPotential Uses

Sperm, oocytes below -130°C*® Controlled breeding; international
shipment; gene banking

Embryos below -130°C  Contreol of generation interval and
gene flow; population amplifica-
tion; international shipment

Cell lines below -130°C Genetic and physiological research
DNA b Molecular bkiology:
-Isolated dried, 4°C Sequence detection and identifica-
tion (e.g. by PCR)
-Isolated below -60°C° Pedigree determination; genomic
and frozen and mitochondrial libraries
tissues
Serum, plasma below =60°C Disease status (detection of micro-

bial antibodies and disease
organisms); endocrine status
(measure hormones or hormonal
metabolites)

Uriné, milk below -60°C Endocrine and health status (measure
hormonal and other metabolites)

®Liquid nitrogen refrigerator.
efrigerator or cold room.

‘Low-temperature mechanical refrigerator.

[from Rall 1992, with modifications]

11
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POPULATION BIOLOGY GUIDELINES FOR USE OF GENOME BANKING
AS A MANAGEMENT TOOL FOR

CONSERVATION OF WILD CATTLE POPULATIONS

Omaha Zoo, 13-16 June 1991

INTRODUCTION

Genome banking offers the opportunity to expand the scope, time span, scale, security,
and economy of programs for conservation of species and of within species genetic diversity.
As populations of wild cattle species are fragmented in distribution and reduced in numbers,
genetic diversity is lost and the populations become increasingly vulnerable to extinction.
Some of the species are vulnerable to hybridization with domestic cattle or domesticated stock
of the wild species. Cryopreservation of representative samples of genomic materials from
the wild populations will allow indefinite preservation of presently available diversity and
protect against extinction. These materials also may be used for the genetic management of
living wild and captive populations now and in the future.

Formulation of goals and objectives for a genome banking program are necessary for
development of sampling and utilization strategies to guide: (1) selection of an optimal
representation of the genetic diversity, (2) collection and storage of an adequate amount of
material, and (3) distribution and use of the appropriate materials. These materials may then
be used to assist restoration of extinct wild populations, genetically supplement small living
wild populations, assist in the exchange of genetic material between previously connected
wild populations, and support smaller captive populations with indefinite retention of
presently available genetic diversity.

The utilization of genome banks as part of an integrated program for management of
living wild and captive populations may allow retention of a larger fraction of the present
genetic diversity in the wild populations with smaller living captive populations. It also may
be possible to distribute embryos to other sites without removing animals from threatened
populations. These might then be transferred to surrogate hosts to produce living populations
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as a basis for further expansion of the genome bank, introductions to other sites, or
supplementation of the wild population. The living population could receive periodic -
infusions from the genome bank to replace diversity lost by drift or to maintain a closer
correspondence to the genetic composition of the wild population. The cryopreserved
materials will allow indefinite (thousands of years) retention of the present day genetic
diversity which will significantly modify current goals for captive conservation programs
based upon 90% retention of genetic diversity for 100 or 200 years in the captive populations.

This capability to retain more diversity with smaller living captive populations should
allow a dramatic (4-10 fold) expansion of the number of species or evolutionary significant
units that might be supported with living captive populations and genome banks. This
expansion in the number of species to be managed will greatly increase our need for
systematic data collection, analysis, and distribution and for simpler development of species
management plans. The addition of another mode for protection of species against loss
should further secure them from extinction from catastrophic events and the impacts of

continuing loss of habitat quantity and quality.

GOALS

1. Long term conservation of species, of genetically distinct populations, and
genetic diversity within species.

2. Provide a resource for enhancement and development of agricultural breeds.

3. Transfer of cryopreservation, reproductive, and molecular genetic technology to
collaborators in the range country of each species from which specimens are collected.
One intent of this program would be to support genome banking of these species in
the countries of origin.

OBJECTIVES

1. Develop models for optimal sampling of the wild and captive populations
across space and time to meet program goals for genetic representation and for use

over the proposed time span of the program.

2. Develop models for optimal use of the banked materials to preserve the genetic
diversity of the wild and captive populations, to support the living wild and captive
populations, and as a resource for reintroductions to replace extinct populations.

3. Develop models for the amounts of materials to collect and store from
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individual animals in the captive populations and from animals in the wild
populations.

4. Delineate the species distribution and population structure based upon
concordance of geographic distribution, molecular genetics, and morphology.

5. Define a sampling strategy for collection of genetic materials (semen, ova,
embryos) from the wild populations of the species to provide representation of 98% of
the presently available species genetic diversity.

6. Determine if there has been introgression of genes from domestic cattle into the
present wild populations of each of the species of wild cattle. If so, then determine on
a case by case basis what strategy will be employed to sample these populations.

7. Evaluate whether there have been human caused movements of genetic
materials between wild populations of each wild cattle species. If so, then determine
on a case by case basis what strategy will be employed to sample these populations.

8. Conduct a workshop: a) to review the distribution, numbers,and threatened
status (according to the Mace-Lande criteria; Appendix I) of all populations of wild
cattle; b) to recommend conservation actions for each population in terms of
protection and management needs, need for a Population Viability Analysis, need for
establishment of a captive population, and need for establishment of a genome banking

program.

9. Develop procedures and resources for transfer of the cryopreservation,
reproductive, and molecular genetic technologies to specialists in each of the range
countries of the wild cattle species.

10.  Initiate a process to identify interested collaborators to explore the potential
usefulness of these materials for enhancement and development of domestic breeds of
cattle for use in the range countries and elsewhere.

SELECTION STRATEGY FROM SOURCE POPULATIONS
Wild populations.
Identify populations for genome banking based on:

1. Level of threat (Mace-Lande criteria)
2. Auvailability of collaborators, resources, and animals
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3. Cooperation and interest of range country wildlife officials .

Animals from populations living in nature are especially valuable gamete/embryo
donors for three primary reasons:

1. They can be objectively selected from all parts of the species range and
collectively represent the existing (remaining allelic) diversity for that species as a
whole. In each case, care must be taken in the sampling strategy to avoid artifacts
(i.e. artificial movement of individuals by humans)

2. It can be argued that the genetic makeup of adult animals from healthy
populations in nature is, by definition, the current ideal. Perpetual reproductive access
to these genomes provides the antidote to genetic drift (i.e. reduced "fitness") both in
skewed gene frequencies and in absolute loss for both multi-generation captive
populations and bottle-necked wild populations.

3. It is not always sufficient to only utilize captive animals since: 1) founder
populations are frequently small and an inadequate sample; 2) we rarely have access to
many of the founders, access only to descendants means an immediate loss of genetic
diversity; 3) founders are commonly of unknown province (i.e. are they representative
of the geographic range and range of diversity; are they litter mates)

It is recommended that appropriate sampling methods be developed for selecting the
number and location of wild donors for continuing collections in future generations. It is also
recommended that:

1. Wild donors be permanently identified (e.g., tagged, transponder implant etc.)

2. Blood and other tissue samples be stored from each donor for comparative
(multi-generational) genetic studies as well as for epidemiological work both present

and future.

Captive Populations.

Founder animals: It is recommended that the degree of relatedness between living
founders (i.e., wild caught animals) be assessed with modern molecular genetic techniques.
Founder animals are automatically given highest priority for gamete/embryo banking for many
of the same reasons wild specimens are valued (see above), and

Captive-born animals: Careful analyses of the pedigrees of the current population are
necessary to select gamete/embryo donors of captive-born origin for banking. Two criteria
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AMOUNT OF SEMEN TO BANK

1. Quantity of semen stored should be sufficient to:

a.

Provide duplicate samples for storage in geographically separate banks

for security reasons, each bank providing sufficient insemination and/or embryo
transfer opportunities to allow:

1) achievement of genome resource bank utilization goals,

2) protection against catastrophes,

3) establishment of genome resource bank in range country, and

4) full restoration of the original genetic diversity of the donor
population in living form at least three times (generally meaning the
potential of producing 30-50 living offspring x3).

2. Development of a formula for calculating the number of insemination
opportunities (i.e., minimum sperm for conception per straw) and/or embryos will
require values for the following variables:

e T

Post-thaw viability.

Range of ejaculate quality (viable sperm per ml).

Samples required for testing.

Degradation through time (e.g., background radiation).

Female conception and birth rates using cryopreserved gene plasm.
Neonatal mortality.

STRATEGIES FOR COLLECTING MATERIALS:

Methodical/deliberate: Species specific programs need to be established in order to
effectively collect the required genetic material from specified individuals or populations for
the genome bank within the next year. This program would identify the logistics encountered
for collecting semen, and nonsurgical collections of ova and embryos. Ova collected will be
identified for either: 1) cryopreservation or 2) IVF and resulting embryos frozen.

Rescue/salvage: In order to protect against the loss of valuable genetic material a
program needs to be developed for opportunistic gamete recovery from individuals.
Circumstances under which material can be collected will include: 1) ovariohysterectomies,
euthanasia, natural deaths (captive populations) and 2) human induced mortalities of
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individuals in the wild (i.e. road kills, regulated hunting).

DEVELOPMENT OF COMPUTER SIMULATION MODELS

Projects:
1. Sampling strategies for wild and captive populations through time.
2. Designing explicit program goals, i.e. defining program length and levels of

genetic diversity to be maintained.
3. Sperm/ova banks.

4. Embryo banks.

5. Interactive management between wild and captive populations including banks.

Computer simulations are designed to provide a basis for making decisions about the
genetic management of both wild and captive populations. Simulations are intended to be
used to explore and define the effects that different utilization and management strategies will
have on the genetic composition of a population.

Studies have been initiated in designing simulation models that begin addressing the
issue of how to utilize the genetic material in sperm banks and the impact of different
utilization schemes on the management of the living captive and wild populations (Appendix
II). Conceptually, ova banks can be modelled as sperm banks with the knowledge that
genetic material from individual females will be more limited. To-date, little effort has been
directed to evaluate quantitatively the role of embryo banks in the genetic management of
captive and wild populations. The use of embryo banks will influence the utilization of the
bank, since the embryo genome bank will represent a diploid versus a haploid population.

As part of the metapopulation genetic management of populations it is necessary not
only for living captive and wild populations to interact but also for interaction with respect to
genome banks. Simulation programs provide an infinite source of options to evaluate and
allow for refine modelling of such interactions. Suitable models need to be developed within
the next 1-2 years to guide programs. These models will be dynamic and continually
evolving as additional new information becomes available.

Prepared by: Leslie Johnston, Ulie Seal, Dan Wharton, and Jean Brennan with
contributions from Jon Ballou and Bob Lacy.
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INTRODUCTION

Past and ongoing human activities threaten biodiversity over the entire planet. We
are in the midst of the largest biological experiment ever performed. It dwarfs projects like
endicating smallpox, sequencing the human genome, building a superconducting
super-collider, or constructing a space platform. The experiment is the exponential growth of
the human population to the present 5 billion, perhaps 10 billion in 40 years, with resulting
fragmentation, disassembly, and simplification of ecosystems. The world has never before
supported so many members of a single species with such enormous ecological demands.
This single experiment is so enormous that a new discipline involving more than 30
academic fields is emerging to study its consequences and reduce its impact.

The great experiment is a great gamble with high stakes - at risk is our quality of life
and the quantity of other life. The momentum and inertia of ongoing population growth and
pressure on natural resources argue against any quick solution to the increasing erosion of
species diversity. This loss of diversity, although greatest in the species-rich tropics, also is
widespread in temperate regions of the industrial north. Witness the recent loss in North
America of the free-ranging California condor, black-footed ferret, and red wolf, and the
extinction of the dusky seaside sparrow.

During the past 8 years, the preservation of species by captive breeding, the
development of species survival plans, recovery plans, and population viability analyses, and
the release of captive-born animals into wild habitat have identified common research needs.
These perceptions led to the organization of this workshop on Research Priorities for Single
Species Conservation Biology. A workshop on general research priorities in conservation
biology, conducted in April 1988 by M. Soule and K. Ralls, provided a broad framework for
addressing the global crisis. We chose to focus on single species approaches including
captive as well as wild species populations. Natural populations and release biology, small
population biology, reproductive biology, and the effects of stress and disease were identified
as high priorities deserving discussion. Twenty-seven invited participants responded with
enthusiasm. This document summarizes the workshop discussions and recommendations.

The report is organized into 6 sections. Section I provides a summary of the 4 topic
areas. Sections II - V address the common priorities that emerged independently in each
task group for the respective topic areas. Additional recommendations also were made by
each task group which could greatly facilitate the overall success of conservation biology
programs. A recurrent theme was the need for global monitoring and improved databases, a
topic area considered so important as to add an additional discussion section (VI) which also

focussed on need and common problems.




SECTION 1. SUMMARY

Natural Populations and Release Biology

Conservation Biology is multidisciplinary in nature, sharing a fundamental structure
with many branches of the life sciences. It’s overall goal is to understand taxa and natural
and human systems sufficiently to permit modifications allowing maintenance of
biodiversity. Natural population studies addressing a broad spectrum of disciplines are
preferrable including population dynamics, habitat assessment, interspecific interactions,
physiological ecology, reproduction, behavior, spatial requirements, and disease. However,
only long-term, multi-generational projects can yield answers to many key questions.
Priority should be given to rational and strategic sampling so that generalizations can be
made from a few well-conducted studies. Reintroductions will be increasingly important to
bolster numbers, genetic diversity, and geographical distribution of threatened species. The
great strengths of reintroduction are its power to rally public support for conservation and to
test hypotheses about managed ecosystems.

Small Population Biology

The basic issue of population biology pertaining to species conservation is the
understanding of processes which dictate why some species survive and some become
extinct. More strictly formulated, it is critical to identify those factors which influence the
viability of modern and historic populations, species, and subspecies. The 5 most important
areas warranting attention are studies of population vital rates, population-genetic structure,
the interaction of genetics and demographics, the impact of catastrophes, and the influence of
habitat patterns. The primary focus should be on the many new tools associated with
molecular biology, physiology, and theoretical population biology. When combined with
field studies of target species, these techniques offer infinite promise for revealing the
ecological and evolutionary processes responsible for controlling species survival and

extinction.

Reproduction

Maintenance of species diversity depends on the process of reproduction. Habitat
destruction usually results in deleterious demographic, epidemiological, physiological, and
behavioral changes which compromise reproductive performance. Rare species, and
especially those in chronic decline, deserve immediate attention to identify and characterize
factors influencing reproduction. Results are important from a basic and comparative
knowledge perspective and will be dependent on studies of reproductive demography, basic
reproductive patterns, the influence of nutrition, season and disease, the monitoring and
control of ovulation-gestation-parturition, gamete and developmental biology, and the
collection, evaluation, and long-term storage of genetic material including gametes and
embryos. The information derived can be applied to improving and formulating plans for
enhancing propagation either by natural or artificial methods. The long-range benefits of this
strategy will be a greater understanding of reproductive diversity as it relates to speciation

and evolution.




Stress and Disease

Wild taxa are forced to survive and thrive in rapidly diminishing natural habitats and
artificial, captive environments. One measure of adaptability in either environment is the
ability to reproduce. Ultimate success is measured by the ability of offspring to achieve
sexual maturity and continue to reproduce for species perpetuation. This criterion is valid
for mammals, birds, fish, reptiles, amphibians, and invertebrates. Both stress and disease
can severely compromise an animal’s ability to reproduce. Presently, no effective measures
are available for qualifying or quantitating the effects of stress on physiological or
behavioral performance or survival ability. To understand the impact of this topic on
conservation biology, research efforts should be directed at characterizing "normal"
population data, developing quantitative methods for assessing stress, evaluating the etiology
of infectious disease, determining disease prevalence within populations, and defining the
interrelationships of stress or disease with behavior, reproduction, nutrition, demography, and

various environmental factors.

SECTION IV. REPRODUCTIVE BIOLOGY - DETAILED REPORT

Qverview

The database defining reproduction for most animal species is limited or nonexistent. Yet,
biotechniques for maintaining genetic diversity and enhancing captive propagation must be
based on a thorough understanding of reproductive biology, especially physiology. This
information can be obtained only by conducting both basic and applied research.

Characterizing reproductive demographics is the first step to identifying species or populations
in crisis and providing an informational base for properly designing later studies.
Demographic and reproductive status within and among species will be useful for
understanding the evolutionary mechanisms influencing biological function and phylogenetic
relationships. On a practical level, this knowledge will be important for documenting
reproductive competence and identifying infertile animals which will be unable to contribute

to breeding populations.

Basic reproductive characteristics of a species can be valuable in formulating propagation
masterplans which can translate known physiological and behavioral information into
improved husbandry and, if necessary, artificial breeding programs. The types of studies
needed are diverse and include documenting mechanisms spanning the events from gamete
formation to reproductive senescence. The influences of environment (e.g. season, nutrition)
and our ability to understand and control reproductive processes (e.g. hormonal induction of
ovulation/parturition, artificial insemination, in vitro fertilization) will be vital to ultimately
assuring both species preservation and genetic variability within existing populations.
Cryobiology will have a major impact on conserving genetic diversity. Used judiciously, a
resource of frozen semen and embryos could be used interactively with living populations to
periodically infuse genetic material from captive or wild animal stocks or to instill captive
populations with thawed genes from previous generations.




Information gained from parallel studies of domestic and laboratory animal models certainly
will be useful and may offer hypotheses that can be extrapolated to wild species. However,
there is little doubt that most species, even those closely related, demonstrate unique features
making species-specific research mandatory. Speciation often is accompanied by significant
modifications in reproductive processes, a natural strategy for maintaining ‘species integrity.
From a practical perspective, this characteristic reduces the possibility of applying a specific
concept or technique across species and, therefore, necessitates more overall research. From a
positive viewpoint, these reproductive adaptations provide a unique informational resource for

studying evolutionary change.

Both the phenomena to be studied and the methods to be used are so complex as to mandate
major multidisciplinary and interdisciplinary efforts among reproductive physiologists,
population biologists, ethologists, anatomists, geneticists, cell and molecular biologists,
bioengineers, biochemists, and biophysicists. It also is necessary to extend reproductive
biology research beyond species solely maintained in captivity. Physiological studies of
free-ranging wildlife are possible and will provide comparative norms for captive
conspecifics, insights into failed captive breeding programs, and new and potentially exciting
perspectives in the most fundamental of biological processes, reproduction.

Research Priorities

Characterization of Reproductive Demography. Demographic data which include age-class,
sex, and reproductive status are critical for formulating research strategies for a specific
population. This information will provide both the justification and focus for later
investigations and will aid in generating hypothesis-driven research proposals.

Characterization of Basic Reproductive Physiology. Fundamental reproductive information is
essential for the captive propagation of rare species by natural or artificial methods. Because
of the vast array of reproductive strategies even among closely related taxa, it is necessary to
examine specific reproductive processes within species. When collected comparatively from a
variety of species, this information will contribute to our understanding of speciation in the
context of evolution. Essential areas of study include pubertal onset, seasonality, ovulatory
mechanisms (spontaneous versus induced), the ovulatory cycle, ejaculatory norms, temporal
patterns in gamete transport, implantation, social/sexual behavior, gestation, parturition,
postpartum fertility, and litter or clutch characteristics.

Interaction of Nutrition and Reproduction. Nutrition has a major, multi-level impact on
reproductive processes in all captive or free-living species. Quantity of nutrition regulates
growth and, thus, pubertal onset. In concert with environmental cues, nutrition can alter the
reproductive season and the time of postpartum breeding as well as postnatal survival. Even
during periods of adequate nutrition, a marked increase in nutrient intake can enhance
ovulation rate (the "flushing" effect). Quality of nutrition also is important because, under
some circumstances, plant factors are known to enhance or reduce fertility. Specific
nutritional requirements need to be identified for both wild and captive animal populations.
More research also is required into mechanisms whereby nutrition affects reproductive




function.

Influences of Environment on Reproduction. Under natural conditions most species are
seasonal breeders, a strategy conducive to offspring survival. The annual breeding rhythm
often is synchronized with season by environmental cues, especially photoperiod in temperate
climates. Changes in daylength, temperature, specific dietary factors, and social cues
(sensory) that inhibit or enhance reproduction must be studied on a comparative basis.
Additionally, parallel studies of disease, parasitism, or inadequate habitat on reproductive
performance require further study. ,

Prediction and Detection of Ovulation. Predicting ovulation allows the precise timing of
either natural or artificial breeding and the collection of fertilizable ova or embryos. Methods
to estimate the ovulatory event must be developed on a species-to-species basis.

Induction of Ovulation. Hormonal induction of ovulation often is the prerequisite to artificial
breeding. However, the choice of specific hormone, the pharmacologic dose, and the duration
of treatment generally is species-specific. Further research is warranted to understand the
variability in ovarian response both within and among species and to improve exogenous
hormone delivery systems.

Monitoring and Control of the Estrous Cycle, Gestation, and Parturition. Poor conception
rates, pregnancy loss, and neonatal mortality are major contributors to reproductive
inefficiency. Therefore, the monitoring of cyclic patterns and gestation will be valuable for
(1) improving fertility, (2) safeguarding existing pregnancies, (3) predicting the birth event,
and (4) increasing neonatal survival. These objectives can be achieved by understanding the
comparative endocrinology of pregnancy and parturition. Presently for intractable species,
urinary hormone assessments offer a unique and atraumatic approach for identifying this
fundamental information and, thus, should receive high priority. Likewise, measuring
hormones in blood has been valuable for investigating acute hormone dynamics and
species-specific mechanisms of endocrine control. Although more invasive, such studies have
proven safe (due to modern anesthesia) and, therefore, also should be encouraged.

Collection and Evaluation of Germ Plasm. Current methods of semen collection are not
universally effective for all species. Atraumatic methods are needed for safely collecting eggs
and embryos from rare species. New methods for animal restraint which do not influence
gamete quality or compromise animal well-being must be developed. Additional efforts
should be directed to in vivo and in vitro assessments of gamete and embryo viability.

Artificial Insemination. Artificial insemination is an effective procedure for improving
reproductive efficiency and alleviating certain types of infertility in domestic animals and
humans. For wildlife species, this approach also circumvents the problem of sexual
incompatibility or the absence of a male. Artificial insemination could be especially
important for (1) ensuring reproduction between genetically valuable but behaviorally
incompatible animal pairs, (2) eliminating the risk of animal transport while allowing
reproduction between geographically dispersed individuals, and (3) providing a major avenue
for using using frozen germ plasm to infuse genes from wild stocks into captive populations.




Maximizing the success of artificial insemination in wild taxa will require studies of sperm
maturation, in vitro processing to enhance viability, and cell transport to ensure that sufficient

sperm are present at the fertilization site at the proper time.

Gamete Biology. Further research in cell biology and gamete biochemistry is essential to
enhance our understanding of gamete maturation, sperm capacitation, the acrosome reaction,
and fertilization. This information is vital to implementing strategies for in vitro fertilization,
embryo transfer, and the salvage of germ cells from reproductive senescent animals or those

which die unexpectedly.

Developmental Biology. When natural reproduction fails, it is mandatory to apply more
complex approaches, most of which require a sophisticated understanding of developmental
biology. Prerequisite studies are needed on basic gamete interaction, placentation, maternal
recognition, totipotency, and differentiation. This information will provide the framework for
more detailed investigations of in vitro fertilization and embryogenesis, findings which then
can be applied to even more advanced biotechniques. Those deserving study include
interspecific and intergeneric embryo transfer, cloning, chimerism, and gene transfer.

Preservation of Genetic Resources. The cryopreservation and storage of gametes and embryos
at low temperatures (-1960C) offers unique opportunities for facilitating the propagation of
wild species and ensuring the conservation of genetic diversity. The development of banks of
cryopreserved germ plasm will (1) reduce the number of animals needed to ensure high levels
of genetic diversity, (2) facilitate the infusion of germ plasm from wild populations into
captive breeding programs, and (3) provide insurance against the loss of diversity from
epidemics, natural disasters, and social/political upheavals. Similarly, DNA and tissue banks
permit retrospective genetic analysis of founder animals. Research is needed to develop
simple, alternative preservation approaches including vitrification, freeze-drying, and cold

storage (4 or -ZOOC).

Additional Suggestions and Recommendations
1. Animals are available in too few numbers to allow making scientifically sound

conclusions. Investigating reproductive problems in rare animals often is compromised by
low numbers of experimental subjects. Decisions may have to be based on data from less
than ideal sample sizes, representing varying environmental backgrounds. To avoid this
problem, research efforts should be initiated long before a species approaches extinction. In
those situations where animal numbers are low, research protocols should be judged on the
basis of optimal use of the available resource, rather than being compared with some
idealized standard of experimental design.

2. International programs are necessary. The widely dispersed geographic
distribution of species requires international research programs that must be conducted in
foreign countries. To facilitate these efforts, formal international agreements and
collaborative projects should be encouraged and engendered.

3. Training programs are necessary. The diversity of reproductive biology and the
many problems which might be associated with reproductive failure necessitates specialized
education in wildlife biology, modern biotechnical fields, and classical training in
comparative reproductive biology. This need can be resolved through the development of




training grants, internships, and fellowships to support the education of talented young
professionals.

SECTION VI. GLOBAL MONITORING AND DATABASES

Overview

Aldo Leopold stated "The first rule of intelligent tinkering is to save all the pieces." This
standard, of course, is far from being met. By not even developing reliable estimates of the
numbers of pieces being lost, there is a major failure to perform badly-needed science. By
not assembling and distributing data sets, scarce resources are failing to be mobilized.
Estimates of the number of species now on Earth vary by an order of magnitude. Predictions
of the rate of loss of habitats including rain forests has been intensely controversial.
Estimates of the fraction of global photosynthesis now diverted for human purposes vary
enormously as do species extinction rates.

To strengthen both the empirical base and theoretical content of Conservation Biology, there
is a strong need to monitor habitats and taxa and record detailed information in a global

database.

Research Priorities

Habitat monitoring and databases. Centralized records are needed for the "great experiment”,
the exponential growth of the human population. This requires a mechanism whereby time
series data on the remaining extent of the various habitat types around the world can be
recorded and made universally available. This likely will require remote sensing with some
selected ground truth validation. Portions of such strategies already are in sporadic
existence (e.g. UNEP’s GRID in Nairobi, The Nature Conservancy, The Sierra Club) but
each data set is fragmentary and essentially a single time-point. No trendlines can be drawn.

The value of the data is related directly to those with access and skills to use it. The
information not only needs to be collected, but also made readily available to both
researchers and policy-makers worldwide. One approach might be the creation of a
Geographical Information System (GIS) which could be facilitated through a network of
common desktop microcomputers. This approach would enhance data assembly because
users with local data could effectively review and update the central database.

Taxon data sets. Defining a species is a challenge, but species are better-defined
measurable units than habitats or communities. As such, species play a key role in
developing and testing conservation biology theory. Species also are the units usually
protected by law and policy. Assembled knowledge of what is happening to species-level
populations is critical, although generally such information is sorely lacking. A central
database is needed to maintain and distribute the best available taxon-level information.




When possible, the data must include time-series for range and population size estimates.
Chosts would be lower and accuracy greater if users with special local knowledge had ready
access to GIS-type subsets of relevant data which could be periodically up-dated in the field
using modest microcomputer equipment. The IUCN/WWEF/UNEP and the World and
Conservation Monitoring Center (WCMC) now provide limited data, but access is restricted,
timeliness inadequate, and the information largely is text with few accurate numbers.

At a secondary level, research and conservation strategies for hundreds, perhaps
thousands of species will include and benefit from captive populations. Therefore, central,
accessible, and distributable data sets are needed for global populations of animals. The
International Species Information System (ISIS), in addition to approximately 100
single-species "studbooks", fulfills some of these needs. ISIS, although expanding rapidly,
presently records data on only half the world’s zoological specimens. Furthermore, wide
distribution of ISIS and studbook data sets is only beginning.

Population dynamics (demography and genetics). Knowledge obtained from
improved monitoring and assembly of global data likely will be the only warning of serious
difficulties - more detailed knowledge organized by conservation biologists likely will
provide our only solutions. Measuring status and trends in . wildlife populations is
fundamental. Developing simulation and analytic models that integrate demography, genetic,
and environmental variation is needed immediately.

Selecting illustrative cases. Choice of model, target, or reference species and
populations is necessary. Focus should be on rare, endangered, "keystone", and "flagship"
species.  Priority should be given to a rational and strategic sampling of cases, so that
generalizations can be built from a modest number of well-performed studies. The new tools
of molecular biology, physiology, and theoretical population biology, when combined with
field studies of target, representative species, offer much promise for revealing the ecological
and evolutionary processes that control the survival and extinction of species on earth.

Long-term studies. The value of Conservation Biology research compounds with
duration. Only long-term, multi-generational projects can yield values for some of the key

variables.




Genetic Resource Banks for Endangered Species - Information Needs

Nathan R. Flesness, Executive Director
International Species Information System (ISIS)

- Preservation of the genetic resources of endangered species often involves sophisticated
technologies. In the excitement about the technology, it is important not to overlook the
fact that the preserved DNA, held in whatever tissue form, is only as valuable as what you
know about it.

The intrinsic value of the DNA-containing tissue, as a tool for enhanced reproduction of
live specimens, source of genes for genetic transplants, or as a DNA sequence archive for
research, is determined by the associated information on the sample. It is obvious that
samples (of whatever kind) must be reliably associated with information about what taxon
they are from, which individual living specimen, collected where - or of what ancestry. It
is also obvious that reliable information about the collection of materials - i.e. sample
inventory - is critical for efficient access and use of the valuable Genetic Resource Bank
by the diverse audience which is interested.

Extensive experience is in hand for the last 17 years for one kind of genetic resource bank
- living captive specimens. The experience includes both zoological institutions and (for
chimpanzees) primate research centers. ISIS presently tracks origin/provenance/pedigree,
birth date, sex, move history, death date, death circumstances / autopsy results, and clinical
chemistry/hematology on captive specimens in participating facilities; this assembled data
then readily allows calculation of pooled inventory for over 112,000 live specimens of 4,200
taxa in 350 institutions in 37 countries. The database includes an archive of information
on over 200,000 additional specimens ancestral to the current live inventory. Approximately
30% or 33,000 registered live specimens, are of presently endangered or threatened
species. Available and essential information services include pooled inventory and species
and specimen pedigree/provenance tracing. An essential part of the network are ISIS-
developed PC software tools which operate as a distributed system within the individual
facilities for maintaining local databases and communicating with the central information

pool.

Considerable acquired experience with both zoological institutions and primate research
centers indicates that local perspectives usually will dominate local data-recording.
Adequate data quality and integrity can be established only through a broad-scale
integrated information system which returns both short- and long-term valuable services
to those holding individual collections of Genetic Resource Bank materials. Similar
experiences suggest similar solutions for endangered plants as well as animals (Dr. Kerry
Walter, Center for Plant Conservation, pers. comm.). Such broad-scale systems require




clear establishment of minimum specimen data standards, and are greatly facilitated by
central development of PC applications software which can be distributed, to be used on-
site for genetic resource bank collection maintenance, and also to facilitate pooling data

across multiple banks.

A program to foster sound and coherent development of Genetic Resource Banks for
Endangered Species must offer the maximum value for the resources invested. This can
best be accomplished by including development of adequate information systems as a
necessary component, and by building on or with existing genetic information networks.




losue .
ﬂ,/(md’ﬁ

L Olor

J CE/ST
- S wedle

D- ’7’6?“0//(,

T - Dot A
Genetic Resource Banks and Reproductive Technology for Wildlife Conservation

b t /\70 ore.
D 1udle £ 80fe, 2c
ﬁ-.(’;:ﬁ‘ws-‘»u‘: F

D. () hattn

David E. Wildt, Ph.D., Ulysses S. Seal, Ph.D.* and William F. Rall, Ph.D.

National Zoological Park
Smithsonian Institution
Washington, DC 20008

and

*Captive Breeding Specialist Group
World Conservation Union
12101 Johnny Cake Ridge Road
Apple Valley, MN 55124

Telephone for correspondence - (202) 673-4793
Telefax - (202) 673-4733




Introduction

Successful reproduction is the essence of species existence and, thus, the preservation of
bio- and genetic—divérsity. Therefore, reproductive phyéiology plays an essential role in the-
emerging field of conservation biology. Cryobiology, or low temperature science, will dictate our
ability to successfully store animal germplasm; fissues and DNA which will be vital to preserving
both species and genetic variation. Within each of these disciplines, scientists can wield an arsenal
of techniques sometimes categorized under the rather board terms of "assisted reproduction” or
“biotechnology". For more than 2 decades, there has been much hyperbolic debate about the
potential uses of artificial insemination (AI), embryo transfer (ET), in vitro fertilization (IVF) and
“frozen zoos" for the preservation of species. But, the saving of species implies the production of
offspring, and most of the p;'egnancies generated in various wildlife species using assisted
reproduction have been one-time events (Wildt et al., 1991). Many artificial breeding attempts also
have failed and gone unreported (Wildt et al., 1986). |

Although reproductive biotechnology, including the use of frozen gametes and embryos,
has not as yet contributed to practical conservation, great strides have been made, enough to
suggest that within the next decade artificial breeding will find management application, at least for
some wildlife species. If the ultimate goal is to maintain the pianet’s bio- and genetic diversity,
then we contend that organized genetic resource banks, containing sperm, oocytes, embryos,
tissue and DNA, certainly can compliment and enhance other ongoing conservation efforts. The
benefits of such a strategy are enormous, and a primary objective of this chapter is to discuss this
potential. We also provide evidence of real scientific progress in terms of what works (and has not
worked) in the laboratory for wildlife species. Even if all of these technical advancements were
ignored, biologists have benefited immeasurably from their mistakes. Those of us interested in
this field now are much more in awe of the overall challenge but much more confident about the
strategies needed to allow biotechnology to contribute to conservation. This also is an exciting

time from an organizational perspective. As will be described, systematic networks and formalized




programs are in place, and national and international cooperation is the norm for dealing with

captive and wild species in crisis.

Developing Strategies for Conservation (Cross-Institutional Cooperation - Getting

Organized)

The viability of our wildlife is interdependent on the level of genetic variation within
species, populations and individuals. Captive wildlife populations are especially vulnerable to
additional losses in genetic diversity. Prior to the 1980's, zoos paid little attention to which
individual animals were breeding. As a result, many populations became genetically stagnant, a
finding which became alarmingly apparent to the zoo community in 1979. Ralls et al., in that year,
discovered an extremely high incidence of inbreeding in 29 200 species which correlated directly
with neonatal mortality. Suﬁsequent studies confirmed that creeping genetic monomorphism was
adversely affecting the health of many captive as well as free-living species. Coincidentally, the

“American Association of Zoological Parks and Aquariums instigated the concept of Species
Survival Plans (SSPs) and, more recently, Taxon Advisory Groups (TAGs) to assist in managing
species, populations and individuals for the purpose of ensuring genetic health. The SSP and
TAG programs have been bolstered by the Captive Breeding Specialist Group (CBSG) working
under the auspices of the IUCN (or World Coﬁservation Union). The CBSG mission is global,
and its goals are to: 1) organize a global network of people and resources; 2) collect, analyze and
distribute information; 3) develop global captive breeding programs; and 4) integrate management
programs for captive and wild populations (Ulie, Do you have a reference to use here?). The
success of the SSPs, TAGs and CBSG largely relies on the volunteer efforts of a coherent
assembly of experts which includes reproductive specialists. We contend that the development of
successful genetic resource banks will be highly dependent on the ability of these specific groups
to: 1) interact to formulate sound plans based on real science; and 2) translate research findings into

an applied benefit, that is, the conservation of species and genetic diversity. Because of its global
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mission, the CBSG (at the time of this writing) is developing formal guidelines for the eventual

development of genetic resource banks for wildlife species.
A Call for Genetic Resource Banking

For more than 12 years, there has been a consistent demaﬁd for establishing genetic

resource banks for wildlife species.

® "New agencies should be established, or existing agencies charged, with the preservation of
particular germ plasm resources. Funds should be provided to support these agencies and to
train the personnel necessary for the maintenance of these essential resources. What is done for
domestic species (e.g., Al, sperm and blastocyst freezing, and implantation) should be done for
all species reproducing in captivity." (Conservation of Germ Plasm Resources: An Imperative,
National Research Council, Report of Committee on Germ Plasm Resources, National Academy
of Sciences, Washington, DC, 1978.)

¢ "Establishment of a program in the U.S. to coordinate the management of animal germ plasm
resources would be in the national interest.” (Animal Germplasm Preservation and Utilization in
Agriculture, Council for Agricultural Science and Technoiogy, Report No. 101, Ames, Iowa,
September 1984.)

® "Preservation of germ plasm requires that institutions should be developed and/or strengthened
for collection, maintenance and dissemination of genetic resources.” (U.S. Strategy on the
Conservation of Biological Diversity, Inter-Agency Task Force Report to Congress, U.S.
Agenéy for International Development, Washington, DC, 1985.) - |

® "A program of research could be administered through the National Science Foundation and
channel funds to both basic studies on the reproductive biology and cryobiology of wild animals
and to applied studies on the control of reproduction, Al and ET. Another approach could be
establishing a few centers for study of the reproductive biology of wild animals. These centers

could serve as focuses for programs of basic and applied research. They should be sufficiently




well-funded to allow broad programs of research on~site as well as extramural research with
cooperating institutions. These centers could likewise serve as repositories for frozen gametes
and embryos from endangered populations". (Technologies to Maintain Biological Diversity,
U.S. Congress, Office of Technology Assessment, Report No. OTA-F-330, US Government
Printing Office, March, 1987.) | |
® "High priorities studies include . . . gamete and developmental biology‘ and the collection,

evaluation and long-term storage of genetic material including gametes and embryos.
Successful cryobiology will have a major irhpact on.conserving genetic diversity. A resource of
frozen semen and embryos could be used interactively with living populations to periodically
infuse genetic material from captive or wild animal stocks or to instill captive populaﬁons with
thawed genes from previous generations. The cryopreservation and storage of haploid gametes
and diploid embryos and cell cultures at low temperatures (-196°C) offers unique opportunities

. for facilitating the propagation of wild species and ensuring the conservation of genetic
diversity." (Research Priorities for Single Species Conservation Biology; a workshop
sponsored by the National Science Foundation and the National Zoological Park, Washington, .
DC, 1989.)

The potential of such resources already has been demonstrated by the successful
preservation of germ plasm from impbrtant domestic food animals, companion animals and crop
plants. Private enterprise as well as some governmental actions have been initiated to collect,
protect and use these agricultural resources. For example, the commercial distribution of frozen
cattle semen has been in place for more than 30 years. Recently, similar commercial efforts have
spread to the routine use of frozen cattle embryos, frozen rodent embryos (for biomedical research)
and frozen sperm from purebred dogs. Both f)ﬁvate and federal institutions have begun to
systematically store biologibal material from specific animal and plant genotypes. As three
examples: 1) the Jackson Laboratory and the National Institutes of Health maintain large storage
facilities for frozen embryos collected from hundreds of genotypes of mice used as animal models

for biomedical research; 2) the United States Department of Agriculture maintains a repository for




plant seeds from crop species; and 3) The American Type Culture Collection functions to acquire,
preserve and distribute characterized strains of bacteria, fungi, protozoa, algae, viruses, cell/tissue

cultures and the creations of recombinant DNA technology.
Justification and Potential Utility of Genetic Resource Banks

In light of the publicity directed at dwindling habitat, the loss of species and genetic
diversity and the potential of artificial breeding technology, it is remarkable that no organized effort
exists, either in the U.S. or elsewhere, to sample, evaluate, cryopreserve, catalog, maintain and
use germ plasm from wild animal and plant species.
¢ In practice, a Genetic Resource Bank would not be merely a static warehouse of biological
material but would serve a vital, interactive role between living populations of captive and free-
living species. These interactions are required to prevent undesirable selection pressures in
captivity, preserve new diversity resulting from natural evolutionary processes and allow small ‘
or fragmented populations to receive "infusions" of genetic diversity from cryopreserved germ
plasm. ’

¢ The combination of frozen gametes and embryos and reproductive techniques such as Al, ET
and IVF offers unique opportunities for improving the efficiency of captive breeding programs.
Cryopreservation of germ plasm extends the generation interval of a species indefinitely. The
genetic diversity of the founder does not die with the animal, but remains viable and available
for future generations.

* Germ plasm banking has the effect of reducing the number of animals needed to ensure that hi gh
levels of genetic diversity are retained within a population. This reduces the capital and
operating costs of zoo breeding programs and provides space for other species at risk for

extinction.




® Other benefits include the incorporation of germ plasm from wild stocks into captive breeding
programs without removing animals from the wild, and the insurance banking offers against the
loss of diversity or entire species from epidemics, natural disasters and social/political upheaval.

¢ Transporting frozen sperm or embryos eliminates the considerable risks associated with the .
transport or exchange of live animals.

® The judicious interspecies use of germ plasm (e.g., hybridization of' I;are species of wild cattle
with common cattle) may provide avenues for improving the genetics, food production and
general agri-economy of developing countries.

® Technologies developed for animal and plant germ plasm can be used to expand the genetic bank
to include other biologicals including tissues, blood products and DNA. These new elements

also can provide a service repository allowing more wide-spread access to rare specimens.

Utility of Genetic Resource Banks for Both Habitat and Single Species

Conservationists

Conservation biologists constantly debate the relative merits of saving habitats versus
species (Wildt, 1990). Habitat proponents suggest that representative ecbsystems can be identified
and permanently isolated from human interference. This approach focuses on the long range
problem and protects the ecosystem and the many species within it. The problem, of course, is in
choosing which habitats to preserve since many species inevitably will be excluded. Additionally,
those species most susceptible to extinction (i.e. large-sized prédators at the top of the food chain)
often require extraordinary large home ranges. Therefore, it may be too expensive or socially
disruptive to provide sufficiently-sized natural reserves for such animals. The contrasting view is
to preserve single species, an approach exemplified by captive breeding programs. In this
scenario, animals are maintained in a semi-controlled environment, and modern science is charged
with identifying and manipulating thegfactors influencing reproductive success. In theory and

given modern management techniques, rare species should thrive in captivity. But single species
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conservationists encounter }nany of the same problems that plague programs desigﬁed to save
native habitats. The shear cost of establishing "naturalistic” captive environmeﬁts and prioritizing
which species deserve the most attention are major concerns. These proponents also are faced with
the paradoxical threat of unbridled success, that is, that captive breeding may increase animal
numbsers to the point that all captive habitat is saturated and then overwhelmed.

| There is no doubt that habitats and single species should be salvaged simultaneously and
that the cryopreservation of biological materials can play a major role in both types of conservaﬁon.
For ekample, free-living animals produce excessive germ plasm which can be recovered safely,
cryopreserved and used to infuse captive populations with genetic vigof while eliminating the need
to remove more animals from the wild. Likewise, cryobiology offers a resolution to the problem
of limited captive breeding space. It simply is more cost-effective to preservé genetic material from
populations, genotypes and individuals at low temperaturés, eventually re-deriving these species

when needed.

Overview on State-of-the-Art Reproductive Biotechnology including

Cryopreservation of Germ Plasm and Embryos

In humans and domestic animals, successes with germ plasm cryostorage, Al, ET and IVF
were the result of considerable basic research which was translated into significant improvements
in reproductive performance. In reality, these advz_inoes have sparked a revolution in combating
human infertility and improving livestock production (Wildt, 1989). For wildlife species
(including vertebrates and invertebrates), these techniques could be useful for enhancing
propagation and sustaining current levels of bio- and genetic diversity. This speculation is
bolstered by considering the surge of interest and the development of effective and practical
strategies for improviﬁg captive breeding of rare animal species over the past 10 years. Witness
the formulation of species survival/action plans and the evolution of the population viability

analysis which allows wildlife managers (those concerned with both the wild and captivity) to




work together to (1) assess species/population robustness and (2) generate recovery plans for the
future based on scientiﬂc fact (Seal and Foose, 1983; Foose, 1987; Ulie, do yoﬁ have other good
references we could insert here?). This progress, combined with the actual release of captive-born
animals (e.g., golden lion tamarins, red wolves, bison, Arabian oryx Kleiman review article) into
wild habitats have revealed one common theme, there is an all-out need for more quality research
(Wildt, 1989).

Logic dictates that considerable emphasis be placed on sustaining existing biodiversity
using cryopreservation technology since any further delay only will accentuate ongoing and
relentless losses in species and genetic variability. The actual details for using frozen gametes and
cmbryos for producing wildlife offspring have yet to be developed for many species.
Nevertheless, sufficient technology and in vitro test procedures are available to ensure that most
frozen germ plasm is Biologically competent and eventua]iy useful (Wildt, 1989). Another
argument for developing genetic resource banks first is that this approach naturally spawns and
mandates related research in other reproductive, biomedical and veterinary fields.

Reproductive biology is a complex discipline, and the actual applied use of a genetic
resource bank will inevitably require interactive research among many disciplines and the
development of new technologies. These, in turn, will generate massive data sets which will help
scientists fully comprehend the fundamental biology of rare species, almost all of which have never
been studied. For example, the “simple” collection and cryostorage of Siberian tiger sperm will
require interaction among: 1) the Species Survival Plan Coordinator and SSP Propagation
Committee (to choose which animals to use); 2) population biologists (to help determine the
number of samples to preserve to maximize genetic representation); 3) veterinarians (responsible
for developing optimal anesthesia); 3) biotechnical engineers (responsible for developing
equipment to collect sperm); 4) gamete biologists (talented in sperm collection, processing, and
eyaluation); 5) cryobiologists (skilled in the freezing, packaging and storing of sperm); and 6)
registrars (responsible for maintaining computerized catalogs detailing the pedigree of the sperm

donor and the location, amount and distribution of the germ plasm). The actual use of the frozen
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sperm will stimulate even further research into an array of exciting areas (e.g., gstablishing the
length of the estrous cycle; studying the impact of seasonality on reproductive ﬁérfonnance
identifying and synchronizing estrus; predicting ovulation; developing techmques for AL, IVF and |
ET; diagnosing pregnancy and impending parturition). Therefore, genetic ré%ource banks will
serve as the incentive for developing and expanding other biological disciplines ranging from
fundamental reproductive biology to genetic management of rare populatidns to applied aspects of
veterinary medicine to global monitoring/coxhputeﬁzcd information systems.

Potential benefits of AL IVF or ET to wildlife conservation. The benefits of a genetic
resource bank can be realized only if AL IVF and ET methods are available for the species of
interest. Al is valuable for ensuring reproduction between behaviorally incompatible pairs,
eliminating the risks of animal transport and providing an avenue for infusing genes from wild
stocks into genetically-stagnant, captive populations.

From an applied perspective, IVF has the potential of resolving many of the serious
problems routinely‘encduntered in modern captive-breeding programs (e.g., achieving
representatioh from animals failing to reproduce because of behavioral peculiarities, physical
handicaps or stress susceptibility) (Wildt, 1990). IVF also is highly attractive because it requires
neither detection of overt estrus nor direct interaction between the male and female. In the context
of a frozen germ plasm resource, an IVE program could be used to infuse gametes collected from
free-living animals into captive populations. There also has been recent advances in related
technology which allows recovering and maturing early stage ovarian oocytes in vitro, an approach
which could be useful for salvaging genetic material from rare animals that die abruptly.
Theoretically, with cryostored germ plasm, IVF could be combined with gamete maturation to
produce embryos and then offspring from deceased individuals. Pilot studies already have been
successful with laboratory rodents and farm livestock (see reviews, Johnston et al., 1989, 1991).

For wildlife species, ET offers the possibility of accelerating the number of offspring
produced and using females incapable of reproducing because of age or physical /medical

handicaps. In conjunction with embryo freezing, ET could help preserve the combined genetic




component of an individual in suspended (frozen) animgtion, thereby offering an approach for
reintroducing available genetic material into later generations. The potential of ET increases if -
embryos can survive interspecies ET, that is, develop and be born to surrogate mothers of a more
common species or closely-related genus. =
Current reaiiﬁes to the use of cryopreserved germ plasm and Al IVF and ET in mammalian
- species. Although the possibilities of using frozen wildlife germ plasm and embryos in concert
with AL IVF or ET are staggering, most successes have been limited to farm livestock and
laboratory animals. Table 1 lists the 28 species in which AI with frozen-thawed sperm has resulted
in live-born offspring. IVF has been successful in a total of 13 species, and, in almost all céses,
the young born were conceived using fresh (non-frozen) garﬁetes (Table 2). Table 3 includes the
14 species in which frozen-thawed and transferred embryos have resulted in live-born offspring.
Considering that more than 4,000 mammalian species inhabit our planet, it is obvious that the
~ potential of reproductive biotechnology has been tested in an infinitesimal fraction of wild taxa.
The lack of application is the direct result of insufficient or, in most cases, nonexistent

funding for both basic and applied wildlife research. Amazingly, no centralized organization has
evolved to compel zoos to participate in a genetic resource conservation program (like thé Species
Survival Plans). Even so, there is a general consensus that reproductive biotechnology could be
used to better preserve genetic diveréity and assist in captive propagation given that species
reproductive norms were known (Wildt, 1989). In this respect, this same strategy was used to
make the use of frozen sperm and embryos feasible in farm livestock. For example, the
conventional use of Al and embryo transfer in domestic cattle became routine only after years of
research into gamete biology and fundamental reproductive processes. This substantial progress
could only be made after millions of research dollars were provided by federal, commercial and
private s.ources.

' Encouraging progress with wildlife species. Basic research strategies, similar to those
used in livestock, laboratory animals and humans, are possible and have been applied té wildlife
species (primarily on limited or pilot basis) by a few pioneering institutions. Advances in wildlife




and zoo veterinary medicine now permit routine and safe animal anesthesia which allows blood
sampling (for endocrine monitoring;v Seal et al., 1985; Wildt et al., 1988; Browh etal., 1991a,b,c),
electroejaculation (for semén collection; Howard et al., 1986), uterine catheteﬁzation (for
nonsurgical embryo collection/transfer; Schiewe et al., 1991; Schiewe, 1991), laparoscopy (for -
oocyte recovery; Miller et al., 1990; Donoghue-ét al., 1990) and ultrasound (for ovulation and
pregnancy diagnosis; Donoghue et al., 1990). Other novel and exciting techniques have been
developed to facilitate the eventual practical use of genetic material. The hormonal status of many
wildlife species now can be tracked by measuring hormonal metabolites in voided urine or feces
(Monfort et al., 1990, 1991a,b; Lasley and Kirkpatrick, 1991; Wasser et al., 1991). This
innovative approach, which eliminates the stresseé associated with blood sampling under
anesthesia, has been used to document seasonality, the estrous cycle, time of ovulation and even
predict pregnancy and hnpendjng birth. Simple, cost-effective enzyme-linked immunosorbent
(ELISA) assays can be used to predict critical events (like ovulation from a urine sample) and offer
exciting means of assessing endocrine function under field conditions. New approaches,
originally developed for assessing human fertility potential, also are finding application in wildlife
species. "'Heterologous" IVF systems are available whereby hamster or domestic cat obcytcs can
be used to test the penetrating or fertilizing capability of sperm collected from other species
(Howard and Wildt, 1990). These in vitro assays of sperm viability will be important in testing the
| biological competence of frozen-thawed, wildlife sperm. Lastly, reproductive biotechnology is
beginning to contribute significantly to nonmammalian and invertebrate species. Some progress
has been made in the long-term storage of fish gametes (especially salmon and rainbow trout
sperm; Schmidt-Baulain and Holtz, 1989 Bill, please insert the appropriate references of
Thorgaard, Cloud, others) and mollusc (Gallardo et al., 1988; Bill we need all the authors for the
Literature Citation) embryos. Insects also are benefiting as illustrated by continued progress in the
freeze siorage of, for example, honey bee semen and the recent successful cryopreservation of

Droéophﬂa embryos (Steponkus et al., 1990).




As demonstratcd in Tables 1 to 3, there is similar tantalizing evidence in other wildlife

species. The live births of any wildlife species as a result of biotechnology and the use of fresh or

frozen germ plasm are laudable. However, certain events are particularly worthy of note as they

either: 1) demonstrate a biological “first"” for wildlife species; 2) illustrate the ability to apply

“techniques developed for farm livestock to wild counterparts; or 3) focus on a particularly difficult

taxon which has received little or no research attention. Such milestones could include the birth of

live offspring following:

® intraspecies embryo transfer in a baboon (first successful ET in a wildlife species; Kraemer et
al, 1977);

IVF in a baboon followed by embryo transfer (first successful IVF in a wildlife species; Clayton
and Kuehl, 1984);

Al of a puma using fresh sperm (Moore et al., 1981)

interspecies embryo U‘ansfer in the gaur (to Holstein cow; Stover and Evans, 1984), eland (to
cow; Dresscr'ef al., 1982), bongo (to eland; Dresser et al., 1985), zebra (to domestic horse;
BILL, REF?) and Przewalski's horse (to domestic horse; Summers et al., 1987)

intraspecies embryo transfer in the eland (Dresser et al., 1984), oryx (REF??), bongo (REF?77)
and suni antelope (JGH REF??7?)

Al of a giant panda using frozen-thawed sperm (Moore et al., 1984)

intraspecies transfer of frozen-thawed marmoset embryos (Summers etal., 1987)

Al of blackbuck with fresh or thawed sperm (Holt et al., 1988)

IVF of Indian desert cat oocytes followed by embryo transfer to the démcstic cat (Pope et al.,
1989)

Al of gaur with frozen-thawed sperm (HENRY DOORLY ZOO GET REF)

IVF of tiger oocytes followed by embryo transfer to a surrogate tiger (Donoghue et al., 1990)
AT of black-footed ferrets with frozen-thawed sperm (Howard et al., unpublished)
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Although cryopreserved genetic material played a role in only five of these events, there is no
biological reason why frozen gaxﬁetes and embryos could be not be used succeésfully to extend
these early accomplishments.

Regardless of how a genetic resource is developed for a given species and which technique
is used, some sperm and embryos always fail to survive freezing and thawing. Although much

effort has been directed at evaluating various cryoprotectants and cooling rates for semen and

embryos, the ease (or difficulty) of achieving post-thaw survival is, in part, dictated by species or

genotype within species. In some cases, techniques that work well with one or more species fail
or are only partially effective in a taxonomically-related counterpart (Wildt et al., 1991). Perhaps
most significant are findings that genotypes within a species can respond differently to a ‘
standardized protocol (Schmidt et al., 1985). For example, when 4- to 8-cell mouse embryos from
27 differeﬁt genotypes were frozen and thawed using a mgimentcd procedure, survival ranged
from 27.4 to 75.2% (Schmidt et al., 1987).

Even given such observations, it is likely that only modest research will be needed for
some species, and progress will benefit through the use of existing knowledge and common
laboratory animal models (Wildt et al., 1986). There is, however, an almost complete lack of
information on sperm and embryos for a vast number of species, suggesting that much more basic
research will be needed. Also of concern is the potential introduction and spread of diseases to
domestic livestock and other wild stocks that could occur with the international transport of poorly-
monitored gametes and embryos (SchieWe, 1991). These factors must be taken into consideration

during the first steps of formulating a genetic resource bank.
Recommendations for Establishing a Genetic Resource Banks
Logic allows us to conclude that there is (1) an immediate need to maintain as much of the

earth's bio- and genetic diversity as presently exists and (2) that genetic resource banks in

combination with assisted reproductive technology has enormous potential. We also assert that




sigiﬁﬁcant progress has been made in beginning to adapt human/livestock technology to wildlife

species. Certainly, compared to only a few years ago, we have increased our uﬁderstanding of

fundamental reproductive processes exponentially for a variety of wildlife species. Furthermore,
although these strategies have not yet had a practical conservation effect, live offspring from
endangered species have been préduced, despite an almost total lack of appropriate federal
funding. Therefore, it is exactly the right time to begin considering the formal development of
such resources for conscrvaﬁon. The interactive intramural and extramural features of a genetic
bank infrastructure certainiy are open to debate, but, in our opinion, the following characteristics
are essential.

* First, progress will be accelerated by supporting existing institutions, preferably those with
multidisciplinary team talents. Organizations with professionals and technicians with combined
skills 1n the fields of (domesﬁc and nondomestic species) reproductive physiology, cryobiology,
low temperature (cold storage), gamete function, embryology, Al IVF, ET, endocrinology,
veterinary medicine (especially anesthesia), diseasé transmission via germ plasm, population
biology, genetic management, field studies and/or computer programming, are highly worthy of
consideration. _ |

¢ The research record of the staff should reflect an appreciation for the importance of basic
research as a prerequisite to practical collection and subsequent utilization of the genetic
materials.

¢ The institutions should have earned independent recognition and/or be closely affiliated ﬁm ‘
other organizations of n&tionai and international repute and have demonstrated a record of
leadérship in conservation issues, scientific research and training.

* The institutions should have international contacts and existing collaborations with conservation
organizations, research institutions and governmental/private wildlife authorities world-wide.
Such relationships are a prerequisite to coordinating, organizing and gaining access to special or

rare wildlife populations for genetic material recovefy,‘storage and distribution. Special
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collaborative talents will be required to ensure that species, populations and individuals in crisis

receive first priority attention.

The issue of number aﬁd size of genetic resource banks needs to be addressed. It may be
most appropriate to establish a single national center supported by multiple regional banks located
throughout the U.S. and abroad. These smaller institutions will be crucial to Securing appropriate
samples of genetic material unique to specific geographic locations. Regional centers could |
support the mission of the national bank by providing half the frozen sample to the central
repository while maintaining half locally for “insurance-safety" purposes. Regional banks also
could be encouraged to conduct research, much of which will be based on innovations and
advances made at the national bank level.

‘Most importantly, there must be considerable emphasis placed on both basic and applied
research by the various banking institutions. Areas of high priority include:

* Defining the effect of species on the efficiency of freezing sperm, ova and embryos (a strategy
which will determine how well existing technology can be applied immediately to rare species);

¢ Identifying the best cryoprotectants and cooling and thawing processes for a particular species of
interest;

¢ Developing accurate laboratory approaches for testing the viability of thawed germ plasm,
embryos, tissues and DNA;

¢ Conducting detailed, longitudinal studies on the many species-specific factors that influence the
production of live offspring from thawed material;

M improving testing and processing procedures to ensure that the transport of germ plasm does not
contribute to disease transmission.

Certainly, two additional critical questions to be addressed in this decade will be (1) which
species should be targeted and (2) what will be the source of funding for these very costly
ventures? For now, those species or taxa managed under an SSP/TAG authority should receive

considerable attention. The fact that an organized effort exists argues that there is general




agreement that the species is experiencing difficulty and deserves high priority. Unfortunately,
species priority also will be dictated by the continued discovery of species or subspecies
approaching extirpation. Federal research monies often magically appear when species numbers
decrease to levels which almost ensure extinction. The goal should be not to rely on last ditch - -
scientific heroics, but to use the scientific method to understand species biology before extinction
becomeé reality. |

Certainly, establishing and maintaining genetic resource banks will be expensive, requiring
long-term, financial commitments. Funding will needed for: 1) capital development; 2) the supjport
of existing staff and the hiring new talent; 3) purchasing equipment and supplies to permit the safe
collection, processing, long-term storage and active use of animal materials; 4) transporting and
supporting research teams charged with collecting and preserving material; and 5) conducting basic
and applied research. There is no "National Institutes of Health (NIH) for Wildlife Species",
although developing a federally-supported National Institutes of the Environment (NIE) presently
is being debated. An NIE likely would provide extramural support for wildlife research, much like
the NIH does for human and animal model studies. Also, hopefully the National Science
Foundation will increase the amount of money in "Basic Research in Conservation and Restoration
Biology", a funding program initiated in 1990. Nonetheless, this issue is so crucial, that it is
essential that congress and appropriate federal agencies finally attend to what is rapidly becoming

an almost historic plea to conserve our wildlife heritage by these promising strategies.




Literature Cited

Anonymous. 1978. Conservation of Germ Plasm Resources: An Imperative, National Research
Council, Report of Committee on Germ Plasm Resources, National Academy of Sciences,
Washington, DC.

Anonymous. 1984. Animal Germplasm Preservation and Utilization in Agriculture, Council for
Agricultural Science and Technology, Report No. 101, Ames, IA.

Anonymous. 1985. U.S. Strategy on the Conservation of Biological Diversity, Inter-Agency
Task Force Report to Congress, U.S. Agency for International Development, Washington, DC.

Anonymous. 1987. Technologies to Maintain Biological Diversity, U.S.v Congress, Office of
Technology Assessment, Report No. OTA-F-330, U.S. Government Printing Office, March.

Brown, J.L., D.E. Wildt, C.R. Raath, V. de Vos, J.G. Howard, D. Janssen, S. Citino, and M.

Bush. 1991a. Impact of season on seminal characteristics and endocrine status of adult free-

ranging African buffalo (Syncerus caffer). J. Reprod. Fert. 92:47-57.

Brown, J.L., D.E. Wildt, J.R. Raath, V. de Vos, J.G. Howard, DL Janssen, S.B. Citino and
M. Bush. 1991b. Seasonal variation in LH, FSH and testosterone secretion and
concentrations of testicular gonadotropin receptors in free-ranging impala (Aepyceros
_melampus ). J. Reprod Fert. (in press).

Brown, J.L., M. Bush, C. Packer, A.E. Pusey, S.L. Monfort, SJ O'Brien, D.L. Janssen and
D.E. Wildt. 1991c. Developmental changes in pituitary-gonadal function in free-ranging
Lions (Panthera leo) of the Serengeti Plains and Ngorongoro Crater. J. Reprod. Fert. 91:29-
40.

Clayton, O., and T. Kuehl. 1984. The first successful in vitro fertilization and embryo transfer in

a nonhuman primate. Theriogenology 21:228 (abstr.).

Donoghue, A.M., L.A. Johnston, U.S. Seal, D.L. Armstrong, R.L. Tilson, P. Wolf, K. Petrini,
L.G. Simmons, T. Gross and D.E. Wildt. 1990. In vitro fertilization and embryo

development in vitro and in vivo in the tiger (Panthera tigris). Biol. Repfod. 43:733-747.




[RRPSPPIVETYY

- *Kraemer, D.C. et al,, FIRST ET IN BABOON PUBLISHED IN SCIENCE, BILL DO YOU

HAVE REF.
Lasley, B.L. and J.F. Kirkpatrick. 1991. Monitoring ovarian function in'captive and free-ranging
wildlife by means of urinary and fecal metabolites. J. Zoo Wildl. Med. 22:23-31.
Mﬂier, AM., M.E. Roelke, K.L. Goodrowe, J.G. Howard and D.E. Wildt. 1990. Oocyte

recovery, maturation and fertilization in vitro in the puma (Felis concolor). J. Reprod. Fert.
88:249-258.

Monfort, S.L., C. Martinet and D.E. Wildt. 1991b. Urinary steroid metabolite profiles in female
Pere David's deer (Elapharus davidinus). J. Zoo Wildl. Med. 22:78-85.

Monfort, S.L., C. Wemmer, T.H. Kepler, M. Bush, J.L. Brown and DE Wildt, 1990.
Monitoring ovarian function and pregnancy in the Eld's deer (Cervus eldi) by evaluating
urinary steroid metabolite excretion. J. Reprod. Fert. 88:271-281.

Monfort, S.L., N.P. Arthur énd D.E. Wildt. 1991a. Monitoring ovarian function and pregnancy
by evaluating excretion of urinary oestrogen conjugates in semi-free-ranging Przewalski's
horses (Equus przewalski). J. Reprod. Fert. 91:155-164.

Moore, H.D.M., M. Bush, M. Celma, A.L. Garcia, T.D. Hartman, J.P. Hearn, J.K. Hodges,
D.M. Jones, J.A. Knight, L. Monsalve and D.E. Wildt. 1984. Artificial insemination in the
giant panda (Ailuropoda melanoleuca). J. Zool. (Lond.) 203 :269-278.

Moore, H.D.M., R.C. Bonney and D.M. Jones. 1981. Induction of oestrus and

- successful artificial insemination in the cougar, Felis concolor. Vet. Rec. 108:282-283.

Pope, C.E., EJ. Gelwicks, K.B. Wachs, G.L. Keller, E.J. Maruska and B.L. Dresser. 1989.
Successful 'mterspcéies transfer of embryos from the Indian desert cat (Felis silvestris ormnata)
to the domestic cat (Felis catus) following in vitro fertilization. Biol. Reprod. 40 (Suppl.) 61
(abstr.).

Ralls, K., K. Brugger and J. Ballou. 1979. Inbreeding and juvenile mortality in small

populations of ungulates. Science 206:1101-1103.




*Dresser, B.L. etal., 1982. Superovulation of African eland (Taurotragus orvx) and interspecies

embryo transfer to Holstein cattle. Theriogenology 25:86 (abstr.). NEED OTHER AUTHORS

Dresser, B.L., C.E. Pope, L. Kramer, G. Kuehn, R.D. Dahlhausen, E.J. ‘Maruska, B. Reece and
W.D. Thomas. 1985. Birth of bongo antelope (Tragelaphus euryceros) to eland antelope
(Taurotragus oryx) and cryopreservation of bongo embryos. Theriogenology 23:190 (abstr.).

Foose, T. 1987. Species survival plans and overall management strategies. In: Tigers of the

World: The Biology, Biopolitics, Management and Conservation of an Endangered Species,
R. Tilson and U.S. Seal, eds., Noyes Publications, Park Ridge, pp. 304-16.

Ga]lardo, C.S.etal., 1988. Preliminary trials of the cryopreserving of marine mollusc embryos as
illustrated Wim the marine mussel Choromytilus chorus from southern Chile. Cryobiology
25:565 (abstr.). '

*HENRY DOORLY ZOO AI OF GAUR WITH FROZEN-THAWED SPERM

Holt, W.V. et al., 1988. Hormonal and behavioural detection of oestrus in blackbuck, Antilope -
cervicapra, and successful artificial insemination with fresh and frdzen semen. J. Reprod.
Fert. 82:717-725.

Howard, J.G. and D.E. Wildt. 1990. Ejaculate-hormonal traits in the leopard cat (Felis
bengalensis) and sperm function as measured by in vitro penetration of zona-free hamster ova

and zona-intact domestic cat oocytes. Mol. Reprod. Devel. 26:163-174.

Howard, J.G., M. Bush and DE Wildt. 1986. Semen collection, analysis and cryopreservation

in nondomestic mammals. In: Current Therapy in Theriogenology, D. Morrow, ed., W.B.

Saunders Co., Philadelphia, pp. 1047-1053.
Johnstoﬁ, L.A., AM. Donoghue, S.J. O’Brien and D.E. Wildt. 1991. "Rescue” and maturation
in vitro of follicular oocytes of nondomestic felid species. Biol. Reprod. (in press).
Johnston; L.J, S.J. O'Brien and D.E. Wildt. 1989. In vitro matilration and fertilization of

domestic cat follicular oocytes. Gamete Res. 24:343-356.

*Kleiman, D.G. Reintroduction review article.




Schiewe, M.C. 1991. The science and significance of embryo cryopreservation. J. Zoo Wildl.
Med. 22:6-22. | 4

Schiewe, M.C., M. Bush, L.G. Phillips, S. Citino and D.E. Wildt. 1991. Comparative aspects

of estrous synchronization, ovulation induction and embryo cryopreservation in the scimitar-
horned oryx, bongo, eland and greater kudu. J. exp. Zool 58:75-88.
Schmidt, P.M., C.T. Hansen and D.E. Wildt. 1985. Viability of frozen-thawed mouse embryos
is affected by genotype. Biol. Reprod. 32:238-46.
Schmidt, P.M., M.C. Schiewe and D.E. Wildt. 1987. The genotypic response of mouse
embryos to multiple freezing variables. Biol. Reprod. 37:1121-28.
Schmidt-Baulain, R., and Holtz, W. 1989. Deep freezing of rainbow trout (Salmo gairdneri)
sperm at varying intervals after collection. Theriogenology 32:439-443.
Seal, U.S., and T. Foose. 1983. Development of a masterplan for captive propagation of
Siberian tigers in North American zoos. Zoo Biol. 2:241-44.
Seal, U.S., E.D. Plotka, J.D. Smith, F.H. Wright, N.J. Reindl, R.S. Taylor and M.F. Seal.
1985. Immunoreactive luteinizing hormone, estradiol, progesterone, testosterone and |
androstenedione levels during the breeding season and anestrus in Siberian tigers. Biol.
Reprod. 32:361-68.
*Steponkus, P.L. et al., 1990. Cryopreservation of Drosophila melanogaster embryos. Nature
(in press). BILL, NEED COMPLETE REF INCLUDING AUTHORS AND PAGES

Stover, J., and J. Evans. 1984. ﬁtemp%ies embryo transfer from gaur (Bos gaurus) to domestic
Holstein cattle (Bos La;u_t;u_g' at the New York Zoological Park. X Intl. Cong. Anim. Reprod.
Artif. Insem, 2:243. |

*Summers, P.M. et al., 1987. Successful transfer of the embryos of Przewalski's horse (Equus

przewalskii) and Grant's zebra (E. burchelli) to domestic mares (E. caballus). J. Reprod. Fert.
80:13-20. NEED REMAINING AUTHORS




PSP EIZI VIV )

Summers, P.M., A.M. Shephard, C.T. Taylor and J.P. Hearn. 1987. The effects of
cryopreservation and transfer on embryonic development in the common marmoset monkey,

Callithrix jacchus. J. Reprod. Fert. 79:24-250.

Wasser, S.K., S.L. Monfort and D.E. Wildt. 1991. Rapid extraction of faecal steroids for

'measun'ng reproductive cyclicity and carly pregnancy in free-ranging, yellow baboons (Papio

cynocephalus cynocephalus). J. Reprod. Fert. (in press).
Wildt, D.E. 1989. Reproductive research in conservation biology: Priorities and avenues for

support. J. Zoo Wildl. Med. 20:391-395.

Wildt, D.E. 1990. Potential applications of IVF technology for species conservation. In:
Fertilization in Mammals, B.D. Bavistef., J. Cummins, E.R.S. Roldan, eds, Serono
Symposium, U.S.A., Norwell, pp. 349-364.

Wildt, D.E., A.M. Donoghue, L.A. Johnston, P.M. Schmidt and J.G. Howard. 1991. Species

and genetic effects on the utility of biotechnology for conservation. Zool. Soc. London. (in

press). ,

Wildt, D.E., and U.S. Seal. 1988. Editors for monograph, Research Priorities for Single Species
Conservation Biology. National Zoological Park, Smithsonian Institution, Washington, 23
Pp.

wildt, D.E., L.G. Phﬂ]ips,-L.G. Simmons, P.K. Chakraborty, J.L. Brown, J.G. Howard, A.
Teare and M. Bush. 1988. A comparative analysis of ejaculate and hormonal characteristics of
the captive male cheetah, tiger, leopard and puma. Biol. Reprod. 38:245-255.

Wildt, D.E., M.C. Schiewe, P.M. Schmidt, K.L. Goodrowe, J.G. Howard, L.G. Phillips, S.J.
O'Brien and M. Bush. 1986. Developing animal model systems for embryo technologies in
rare and endangered wildlife. Theriogenology 25:33-51.




Table 1. Mammalian species in which offspring have been

produced by AT and frozen-thawed sperm.

Domesticated
Cattle

Sheep

Horse

Pig

Rabbit

Dog

Goat

Cat

Mousé

Water buffalo
Domestic ferret

Human

Non-Domesticated

Fox

Wolf

Addax
Blackbuck
White-tailed deer
Fallow deer
Chimpanzec
Bighorn sheep
Red deer
Bison
Siberian ferret
Giant panda
Gaur |
Wapiti
Reindeer

Black-footed ferret
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Table 2. Mammalian species in which offspring have been

produced by IVF followed by embryo transfer.

Domesticated
mouse

rabbit

rat

human

cattle

pig

sheep

Non-Domesticated

baboon
rhesus monkey

cynomolgus monkey

~ Indian desert cat

tiger

marmoset




Table 3. Mammalian species in which offspring have been

produced using frozen-thawed and transferred embryos.

Domesticated

mouse
rat
rabbit

cow

sheep

pig
cat
goat
horse |

human

Non-Domesticated

eland
baboon
cynomolgus monkey

marmoset







UTILIZATION OF SPERM BANKS TO MAINTAIN GENETIC DIVERSITY IN
CAPTIVE POPULATIONS OF WILD CATTLE

Leslie A. Johnston and Robert C. Lacy

INTRODUCTION

As a result of habitat fragmentation, wild cattle species of
Southeast Asia are either threatened or endangered in their
indigenous habitats, and soon will become extinct unless
preservation efforts are undertaken immediately. Gaur, (Bos
gaurus), a critically endangered species of wild cattle,
historically ranged throughout Asia. Today, there are only
remnnant populations in Nepal, India, Thailand, Laos, Burma,
Ccanbodia, Vietnam and Malaysia. Gaur, which are shy forest-
dwelling creatures, are reluctant to use cleared areas as
migration corridors to other forested areas. As a result, sub-
populations are becoming highly isolated, resulting in genetic
and demographic instability.

Recently, captive propagation has become an integral
component of the conservation strategy to maintain wild
populations through: 1) enhanced preservation of genetic
diversity; 2) protecting gene pools against the effects of
environmental and demographic fluctuations in the wild and 3)
providing animals for reinforcement of wild populations or
establishment of new wild populations. Soule et al. has
suggested that approximately 815 mammalian species will all but
disappear unless they are maintained in captivity [1]. In order
to manage captive populations, effective breeding sizes need to
be adequate to achieve specific genetic and demographic goals.

In many cases this requires a minimum of 200 to 800
individuals/species maintained in captivity. Currently, there is
enough space in zoos worldwide to house only 100 mammal species
in populations large enough to be self-sustaining demographically
and genetically [2].

Ballou has recently discussed the benefits of germ plasm
cryopreservation (sperm, ova, embryos) for captive management
programs [3]. Cryopreserved germ plasm enables the captive
program to: 1) maintain a population’s original genetic diversity
indefinitely; 2) extend generation length of
individuals/populations and 3) decrease the number of individuals
required to achieve the defined genetic goals. Long term
preservation of genetic diversity will enable the population to
continue evolving through time. 1In addition, increasing
generation length will provide fewer opportunities for losing
genetic diversity. The combined effect of preserving genetic
diversity and extending generation length is the ability to
reduce population numbers and at the same time achieve gemnetic
goals. Consequently, cryopreservation programs will allow
additional space to become available for other species.

While there has been much speculation on the effectiveness
of gamete cryopreservation as a conservation tool (ranging from
discussions of completely frozen zoos to dismissal of the
concept), little effort has been made to evaluate quantitatively
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the role that reproductive technologies can play in wildlife
conservation. Development of sampling and utilization strategies
to guide selection of an optimal representation of the genetic
diversity are required for a genome banking program. In this
paper, we present a quantitative assessment of the likely
efficacy of sperm banking in furthering the goals of the captive
breeding program for gaur. Using computer simulation models, we
examined a scheme proposed for the preservation of the gene pool
of the North American gaur herd, and make recommendations for the
optimal use of the sperm in the captive progran.

Conceptually we have proposed the use of three sperm banks
for gaur. The first one is established with semen collected from
genetically valuable males in the current captive population.

The second one is established with semen from wild-caught males.
The third is a mirror of the captive population through time,
with genetic exchange between the bank and the living population.
The first and second banks will be used to replenish the living
population. The intent of the third bank is to be used primarily
as a reserve in case the other two banks are destroyed.

Frozen sperm banks offer promise for preserving much of the
genetic variation in populations of wild cattle. Unlike the
situation for most endangered species, reliable artificial
insemination (AI) techniques already exist for cattle and are
being applied to other bovid species, including gaur [4].

Gaur were brought into captivity between 1958-65, and in
1981, the North American Gaur Species Survival Plan was formed.
Presently, the herd consists of 162 animals descended from 8
founders. Pedigree analysis indicates that the captive herd has
89.4% of the gene diversity (heterozygosity expected under Hardy-
Weinberg equilibrium) of the ancestral wild stock from which
founders were obtained. It is estimated that over 900 animals
will be required to maintain this level of diversity through the
next 100 years. Currently, there is limited space for expanding
the herd beyond 150 individuals; therefore it is critical that a
semen cryopreservation program is designed in order to limit
further decline of genetic diversity.

The following variables were examined during individual
simulations between the living gaur population and semen cryo-
bank to assess their effects on retention of genetic diversity:
1) effective population size of the living herd; 2) sex ratio of
the herd; 3) number of offspring required from each bank for each
generation; 4) semen usage interval; 5) the minimum number of
males required to establish the captive bank and 6) the
interaction of both the captive and wild bank.

Methods

Computer simulations were done by using a modified version
of Lacy’s GENESIM computer simulation program of genetic
diversity [5].

To simulate the fate of two alleles at a genetic locus, with
the interactions of frozen banks, the program:

1. Prompts the user to enter the number of described
conditions for a population: number of generations, population




size, sex ratio, initial gene frequency at a hypothetical locus
(defining the initial gene diversity) and the use of any of 3
sperm banks. If any of the banks are selected, the user is
prompted to enter the initial gene frequency of the bank, the
generation usage of the bank, number of offspring produced per
generation. The use of sperm bank 3 also allows the user to
define how many males are used to establish the bank and the
number of males each generation to be used to augment the bank.
The simulation program assumes that each sperm sample can be
infinitely extended, so that the lack of sufficient frozen sperm
does not interfere with planned matings.

2. Creates a population of living diploid individuals,
assigning 2 alleles to each individual with the probability p
that each allele is of one type (A), where p is the initial
allele frequency as specified by the user.

3. Either: selects two parents at random from the living
population, or selects a male from the bank and female from the
living population. The decision to select two living parents vs.
a female and frozen sperm from a sperm bank is determined by the
designated frequency of use of each sperm bank.

4. Randomly selects one allele from each of the two parents
and assigns that allele pair to the offspring.

5. Calculates allele frequencies and % expected
heterozygosity that would be observed if the population was in
Hardy-Weinberg equilibrium.

6. Steps through the specified number of generations,
randomly mating all females of the herd.

7. Repeats the simulation 1000 times to generate a
distribution of outcomes.

8. Averages overall heterozygosity for each generation
over all repetitions.

RESULTS
Population size:

One of the primary benefits to the use of frozen germ plasm
is the ability to reduce the population size and still achieve
the genetic goals. Figure 1 compares the genetic variation
present after 1000 years in the living herd with genetic
replenishment from either of two cryo-banks (wild, captive) or
without either bank, using populations of sizes: 40, 80, 120,
160, 200 and 500 individuals. As expected, without infusion of
genetic material, genetic diversity was dependent upon population
size. The mean heterozygosity dropped to a low of 18.0% (after
1000 years with an Ne = 40) and with Ne = 500 was maintained at
78.9%. By using the captive bank every generation, the herd was
able to retain 80.9% to 82.9% heterozygosity (SE = 0.61-0.52)
over 125 generations (=1000 years). Utilization of the wild bank
enabled the herd to increase its heterozygosity from 89.2% to
above 90%. The population was able to maintain heterozygosity
levels at 91% for Ne = 40, 80, 120, 160 and 200. With a
effective population size of 500, the mean heterozygosity
retained was 92% (SE = 0.31). All of the following simulations




assumed N=80.
Sex ratios:

Frozen banks, in principle, genetically augment the living
population size. However, the use of sperm banks will increase
only the effective male population size. While adding males to
the breeding pool through the use of their sperm in the banks,
the genetically effective population size (and the retention of
genetic variation) might be increased by an offsetting skew of
the living population toward females. Therefore, to manage the
population effectively, it is important to determine the optimal
sex ratio of the living population. Figure 2 depicts the percent
of genetic diversity retained for 1000 years with either: 1)
genetic replenishment from the wild or captive bank or 2) no
infusion at all using sex ratios (proportion male) of: 0.1, 0.2,
0.3, 0.4, and 0.5. Without the use of either frozen bank,
retention of genetic diversity was detrimentally influenced by
sex ratios lower than 0.5. This is expected to occur since the
small number of individuals of one sex will act as a bottleneck
because half of the genetic information inherited by the next
generation comes from each sex. With either the wild or captive
cryo-bank replenishing the living population, the retention of
genetic diversity appears almost independent of sex ratio. The
mean heterozygosity ranges from 87.4% (SE = 0.50) to 91.5% (SE =
0.34) when semen from the wild bank is used. With the captive
bank replenishing the living population, mean heterozygosity
ranges from 77.6% to 81.6%. However, there is a slight advantage
to skewing the ratio toward 0.3 when using the wild bank.

Number of offspring:

Figure 3 shows the effect on genetic diversity retained by
producing different numbers of offspring every generation from
each cryo-bank. The following number of offspring produced were
tested; 2, 4, 6, 8 and 10. Regardless of which bank was in use,
2 offspring per generation was insufficient to maintain
heterozygosity above either 80% (captive bank - 75.1%) or 90%
(wild bank - 86.3%). Producing 4 offspring per generation from
the captive bank will enable the population to retain 81.7%
genetic diversity. Additional offspring will maintain the
population between 83.6% to 85.8% (n=6 and 10, respectively). If
genes are only brought in from the original captive herd (bank
2), diversity can never increase above 89.4%. Production of 4
offspring using the wild cryo-bank will maintain heterozygosity
at 91.4%. However, production of 8 to 10 offspring using the
wild bank will capture much of the diversity in the wild
population, increasing heterozygosity to 95.5% and 96.2%,
respectively.

Semen Usage Interval:

To assist in planning the amount of semen to be
cryopreserved, it is important to determine how often during the
course of management semen is required for optimal utilization of
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the frozen banks. Generation intervals for semen usage were
tested and the results are shown in Figure 4. Regardless of
whether the living population is replenished with semen from the
cayptive or wild bank, it is optimal to utilize the banks every
gerneration (82.0%, 91.2%, respectively). Although, even with
occasional use of either cryo-bank, it is still substantially
better to use a bank on a limited basis, than no bank at all
(recall that the population declines to just 38% heterozygosity
when no bank is used).

Number of Captive Males to Establish a Bank:

For any management scheme to be set in place it is critical
to determine the required number of males from which sperm needs
to be frozen to utilize the frozen bank efficiently and to
maintain maximum genetic diversity. The number of males tested
to establish the cryo-bank from the captive population ranged
from 5 to 100. A minimum of 20 males are required to maintain
most of the heterozygosity present in the initial population
(Figure 5). After banking sperm from 30 males, the incorporation
of additional animals is unnecessary, and even with 100 males
heterozygosity remains at virtually the same level as with 30
(80.7% vs 80.9%).

Interaction between captive and wild banks:

The establishment of the captive bank is operationally
easier than establishing a wild bank. Therefore, to maximize
resource and effort, there is the need to assess the benefits of
using the wild bank immediately or in the future, assuming the
captive bank is already functional. Usage of the captive bank
alone will maintain genetic diversity at ~80% relative to the
original wild population. Figure 6 shows the results of
initially using the captive bank every generation and then
incorporating the wild bank after 5, 10, 15, 20, 40, 60, 80, 100
and 120 generations. Once the wild bank is incorporated, the
captive bank will no longer be used. It is apparent that as long
as the captive bank is replenishing the living population, it is
possible to postpone using the wild bank until at least
generation 80 and still maintain 91.6% heterozygosity after 1000
years. From the data, (not shown), it appears that once the wild
bank is initiated, it takes approximately 5 to 10 generations to
increase the genetic diversity of the living population to
greater than 90% of the wild population.

Discussion

In the preservation of maximum biological diversity, the use
of reproductive technology may be the last resort. It has been
estimated that the demographic winter and human control of
wilderness areas will last at least the next 500-1000 years [1].
When human attitudes change and habitat regeneration becomes a
goal of society, it will take a minimum of centuries to replenish
the ecosystems destroyed in tropical and temperate regions. As a
consequence, zoos will need to maintain the genetic and




demographic health of their charges for many centuries or
millennia. Many Species Survival Plans provide management of
populations with genetic goals of 90% for the next 100-200 years.
It is estimated that after that time, advances in reproductive
technology will be able to extend the program to at least 1000
years. Because reproductive technologies have already been well
developed for cattle, we can now begin managing wild cattle
species for that 1000 year goal.

The major problem facing long-term management of small
populations is the loss of genetic diversity through drift.
Genetic drift can be controlled by the maintenance of large
breeding populations in which all animals contribute equally to
future generations. In many cases, immigration of individuals
into subpopulations can reduce genetic drift. In captive and,
increasingly, in wild populations, the number of breeding
individuals is so reduced and populations are so isolated that
even short-term maintenance of genetic diversity is placed in
jeopardy. Therefore, strategies will need to be designed to
eliminate additional loss of heterozygosity. Sperm banks will
increasingly play an important role in small population
management by preserving original germ plasm indefinitely and re-
introducing this material (as immigrants) through time to counter
genetic drift.

With the modelling simulations shown, it is possible to
sustain a genetically healthy gaur population for the next 1000
years with a sperm banking program. The loss of genetic
variation is affected by a number of factors including: the
nunber of breeding individuals in a population, sex ratio and
number of offspring produced from AI. Excluding demographic
constraints, it is possible to retain maximum genetic diversity
with as few as 40 individuals in the population when offspring
are produced from semen from either the captive or wild bank. In
fact, the retention of genetic variation becomes relatively
insensitive to the captive population size when genetic material
can be regularly infused from one or more sperm banks. The
capability to retain more diversity with smaller living captive
populations should allow a dramatic expansion of the number of
species that might be supported with living captive populations
and genome banks.

When the wild bank is in use, there is also a tendency for
optimal retention of genetic diversity when the sex ratio is
skewed toward 0.3. The use of gametes from sperm banks in the
production of offspring skews the effective sex ratio toward
males. This effect can be countered by skewing the sex ratio of
the living population toward females. It is possible that since
the wild cryo-bank is genetically more unique than the living
population, it is optimal to reduce the number of living and not
as "genetically unique" males even more than might be estimated
based on the number of frozen sperm samples utilized each
generation. However, genetic diversity is affected detrimentally
if the sex ratio is reduced further, as a result of decreased
number of breeding animals (Ne).

Based on the generation length for gaur (T=8), essentially
one offspring is required to be produced from either the wild or
captive bank each year to maintain maximum genetic diversity. It

6




is also worthwhile to note that although it is optimal to use
either bank every generation, there is still benefit to the
living population if sperm banks can be used only intermittently.
It is also important to note that once the wild bank becomes
functional, use of the captive bank will no longer benefit the
living population. Also, a third bank, which would mirror of the
living population, will only be utilized if either of the other
two banks fail. The genetic representation of this bank will be
intermediate between either of the other two banks and the living
population.

In many instances, it will be impossible to depend upon a
wild bank initially; therefore efforts should be made to
establish a captive bank before additional genetic diversity is
lost. Currently the North American gaur herd consists of 59
males. In order to establish an effective captive bank, one-third
of these males are required to be banked (see Fig. 5). The
selection of which males to use will be based on the Mean Kinship
values derived from pedigree analysis. The most genetically
valuable males are those with the lowest mean kinship to the
living population, i.e., those with the rarest genes. Mean
Kinship is the average relatedness of each individual to every
other animal in the population, and is calculated from pedigree
data. An animal with high average relatedness will share alleles
with a number of other individuals in the population, and
conversely an individual with no relatives will have an average
relatedness of 0.

Finally, these simulations are based on a number of
simplifying assumptions, including random mating. Through the
use of existing management programs [GENES, Lacy], based on
pedigree analysis, it may be possible to optimize mating
strategies to produce more genetically valuable animals than
expected with a random system. Conversely, unexpectedly poor
breeding by some animals could lead to more rapid losses of
genetic diversity than projected by the simulations.

Based on these simulations, initial management plans would
consist of: (1) continued maintenance of a small demographically
stable captive population; (2) collection of sperm from 20-30
genetically valuable males present in the captive population; (3)
initiation of cryopreservation of sperm from individuals in wild
populations; and (4) interactive management of the living herds
and the sperm banks.

Although these simulations focused on the captive
population, wild populations are facing the same threats.
Eventually this type of management strategy may be required to
sustain healthy wild populations. It is apparent that there is a
wide range of possible strategies, and refined modelling of
options is important as a part of adaptive program management.
Although this is a simple model, in any genetic management scheme
it is important to analyze the expected consequences of the
program and determine whether it will achieve its desired goals
before the program is implemented. Properly utilized, sperm
banks can be very effective tools for preserving genetic
diversity in a living population, and for introducing gene
diversity from additional subpopulations.
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ABSTRACT

Demographic and genetic objectives of captive propagatlon
prt)grams for endangered species focus on establlshlng
demegraphically secure populations that maintain adequate levels
of d¢enetic diversity. Long term- ‘storage and utilization of
cry<dpreserved germ plasm could extend the population’s generation
length and allow higher levels of genetic variation to be
maintained in smaller populations. Since fewer breeding animals
would be needed, moré species would be ‘rescued’ from extinction
using the cage facilities currently available at existing
institutions.‘ Doubling generation lengths for callitrichid
primates through use of cryopreservation could almost triple the
number of species that could be rescued in world zoos.
Additionally, long term cryopreservation would allow for a third
population, that of the frozen zoo. Three-way exchange of germ
plasm from germ plasm banks to captive and wild populations would
increase genetic diversity at reduced risk and expense. Advances
in reproductive technology and better understanding of the
reproductive physiology of these animal populations are necessary
to permit routine application of artificial insemination and

embryo transfer using frozen-stored germ plasm.
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INTRODUCTION

Prior to'1970, 200S were primarily iﬁterested in maintaining
collections consisting of many different species with few
individuals of each species. As animals became increasingly more
difficult to 6btain from the wild and as the conservétion ethic
grew the focus‘on breeding species in captivity increased. By
the mid-1970‘s zoos held fewer numbers of species, but more
individuals of each species. Captive propagation now plays a
vital role in species conservation and the continued survival of
many large vertebrate species may ultimately depend on captive

propagation efforts (8).

Soule et al. (22) estimate that approximately 815 mammal
species will be in need of captive propagation programs within
the next 200 years. However, Conway (6) esﬁimated that with the
space currently used to house mammal species in world z00s, only
100 mammal species could be preserved in populations large enough
to meet genetic and demographic requirements. As the technology
stands now, zoos simply do not have the capacity to meet the
conservation crises facing wild populations. Since captive
resources (cage spaces) are limited, the actual population size
established for each species may be a compromise between the
number of animals needed to achieve specific genetic goals and a
number that allocates a more equitable distribution among similar

endangered species competing for these cage spaces (6). Many
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more species could be maintained if cryopreservation and infusion
of stored germ plasm could be utilized in captive propagation

efiorts.

The purpose of this paper is to outline strategies captive
management programs can use to genetically‘and demographiéally
manage captive populatibns for long-term conservation and to
discuss the primary effect cryopreservation of germ plasm may

have on the conservation of biological diversity.

CHALLENGES TO SMALL CAPTIVE POPULATIONS

Demographic instability, inbreeding problems and loss of
genetic diversity are significant problems facing the continued
survivai of small captive populations. Captive populations of
severely endangered species are often dispersed amdng different
z00s. Conway (6) estimated that 76% of the 2750 mammal, bird and
reptile species held in captivity had fewer than 25 individuals;
18% had only one or two. Their small numbers and wide
distribution place these species at especially high risk of
extincti&n (9). Very small populations are particularly
vulnerable to demographic stochasticity. Random fluctuations in
birth and death rates or sex ratio distortion, while
ihsignificant in large populations, can drive small populations
to extinction simply by reducing the population below numbers

capable of recovery.
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Inbreeding depression can also advérsely affect the
viability of small populations. The deleterious effects of
inbreeding are Qell known in domestic livestock and 1ab6ratory
animals (27). Data on the deleterious effects of.iﬁbreeding in
exotic wildlife are sparse (17) and most data come primarily from
surveys of captive populations (18). 1In a survey of 45 captive
mammals, mortality of inbred offspring was higher than non-inbred

offspring in all but three populations (19)

Small populations also rapidly lose genetic diversity,
Geneticlaiversity is lost each generation at a rate inversely
proportional to the effective size of the population (Figure 1).
Loss of genetic diversity adversely affects both the short and
long-term fitness of the population. In the long-term, loss of
diversity reduces the population’s ability to evolve and adapt
through natural selection. In the short-term, there is a
general, but not universal, relationship between levels of
genetic variation and various fitness components including
disease resistance (1) and reproductive potential (26).
Retention of this diversity maintaine fitness in these

populations and allows for future management options.

CAPTIVE PROPAGATION PROGRAMS

The goal of conservation oriented captive propagation
programs is to maintain genetic diversity in a stable population

(7). Soule et al. (22) recommend captive breeding programs
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‘attempt to maintain 90% of the population’s genetic diversity of
200 years. Since retention of genetic diversity is depéndent on .
population size, it is possible to calculate the number‘of
animals required tb achieve this objective. It is also a
function of the generation length of the species, the number of
individuals that founded the populations, and the populétions’s
growth rate (3). Each population will require a unique size to

achieve this recommended goal.

Demographic management objectives are to establish a stable
population of this critical size and maintain the population at
zero population growth. Population stability is achieved through
monitoring the age distribution of the population and conducting |
life table analyses to deﬁermine age-specific survival and
reproductive rates. From these analyses, it is possible to
calculate the number and ages of animals to breed to achieve

these objectives.

Genetic management objectives focus primarily on which
individuals to breed to maximize retention of genetic diversity.
Pedigree analyses determine how the founder’s génes are
distributed within the population‘s gene pool (13, 24). Often a
small proportion of founders are responsible for most of the
early breeding and these founders genes will be disproportionally
represented in the current population. Breeding recommendations
identify priority animals for reproduction to remedy this

disproportionate distribution of founder genes.
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Demographic and genetic recommendations are integrated into
a management plan for the species. Currently, the American
As sociation of Zoological Parks and Aquariums ;versees 55 such
Species Survival Plans and similar programs exist in the United

Kingdom, Europe, Australia, New Zealand and Japan.

CONTRIBUTION OF CRYOPRESERVED GERM PLASM

Long-term storage of germ plasm through cryopreservation,
followed by infusion of the germ plasm back into future
generations could substantially increase generation lengths of
populations. Cryopreservation of germ plasm extends the lifetime
of an individual for as long as its stored germ plasm lasts. By
periodicaily infusing genetic‘material back into the living
population, either through stored semen, ova or embryos, the
individual(s) contributing the germ plasm can continue to provide

genetic material well into the future.

The generaﬁion length is defined as the average amount of
time it takes an individual to replace itself in the population:
the longer the animal reproduces, the larger its contribution to
the population’s generation length. Extending generation length
decreases the number of generations occurring over a given time
period. This provides fewer opportunities for losing genetic

diversity. Figure 2 illustrates the effects of increasing
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gerxeration length on maintaining levels of genetic diversity over
a fixed time period (200 Years). Populations with longe;
gereration lengths can retain more of the populationfs 6riginal
diwersity than populations with shorter generation léngths. With
cryopreservation, propagation goals could lengthen generation
times and retrain}higher levels of genetic diversity (e.g., 95%

rather than 90% heterozygoéity retained over 200 years.

Alternatively, captive propagation can benefit from the
effect of lengthening generation time by establishing larger
numbers of smaller populations. Extending generation times will
allow smaller populations to achieve the same genetic goals as
larger populations with shorter generations. Figure 3
illustrates the effect of generation length on population sizes
required to maintain 90% of the genetic diversity for 200 years.
Lengthening generation length can significantly reduce the
population size required to achieve this goal. Facilities become
available for other species with similar captive needs and the
number of species benefiting from éaptive propagation can be

increase.

The advantage of extending generation length can be
illustrated using callitrichids (marmosets and tamarins) as an
example. The current worldwide capacity of zoos to house:
céllitrichids is approximately 2800 individuals (Table 1).
Twenty-five of 35 known species (and subspecies) are currently

kept in captivity. Ten are endangered. Generation length among
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th€ group varies, however, six years is probably a rough estimate
fox most callitrichids. Population sizes required to maintain
90 % of the population‘s genetic diversity for 200 years for these
species varies between 500 and 700 (depending on founder number
and population growth rate). Division of available resources by
need allows only 4 to 5 (11%) species of callitrichids td be

preserved.

Figure 4 illustrates the increase in number of callitrichid
species that zoos could preserve by increasing generation length
through cryopreservation. Doubling the generation length (from 6
to 12 years) increases the number of species that can be
preserved from five to 13 since population sizes need only be
about 200 animals. Tripling the generation length to 18 years
enables 22 species to be preserved with 125 individuals each.
Reducing population sizes any further places the population at
high demographic risk. Any additional increases in generation
length resulting from cryopreservation should be used to retain

more genetic diversity rather than reduce population size.

DISCUSSION

The reality of cryopreservation, with the concurrent
necessary advances in reproductive technology, will clearly have
a direct and critical impact on the contribution of captive
management to single-species conservation efforts. A number of

authors have discussed the potential contribution of cyrobiology
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to the maintenance of genetic diversity in captive gene pools
(14, 22, 20). Ballou (2) discusses some of the genetic
considerations involved in identifying individﬁals to contribute
to germplasm banks. However, perhaps the most impoftant
application of cyropresefvation is that it can substantially 7
extend generation lengths of captive populations thereby allowing
smaller populations to retain higher levels of genetic diversity.
Smaller populations of each species permits more species to be

included in the limited zoo “ark."

The effect of cryopreservation on generation length will
depend directly on ho& much germ plasm can be preserved and how
effectively it can be restored to the population. Taken to the
(unrealistic) extreme, if unlimited amounts of cryopreserved germ
plasm are available, generation length no longer becomes an issue
in captive management programs and essentially 100% of a

population’s genetic diversity can be maintained indefinitely.

Additionally, the reality of long-term cryopreservation-
would allow a third ’‘population’ to be‘considered - that of the
frozen zoo (5). Three-way gene exchange between germplasm banks,
wild and captive populations would increase the gene pool and
effective size of the entire species. It would also facilitate
two-way exchange of germplasm between wild and captive

populations by reducing the logistics, expense and risk of
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capturing and transporting.individuals between populations. 1In
cases where concerns of disease transmission restrict movement of
living individuals (wild cattle), transportati;n of crydéreserved
gexmplasm may be the only way in which new genetic material is

brought into the captive population.

Cryopreservation can only make a contribution if advances in
reproductive technology would permit routine application of
artificial insemination and embryo transfer of stored germplasm
in a wide range of exotic species. Unfortunately, we are not yet
at the stage where cryopreservation can be routinely applied in
captive propagation programs. Fundamental understanding of the
basic reproductive physiology does not exist for most exotic
species and there is clearly a need to continue and increase
basic research in this area in order for this biotechnology to be

realistically and fully applied to conservation problems.

Current goals and management objectives already assume that
cryopreservation for most captive exotic animals will be a
reality in the future. The recommendation of Soule et al. (22)
that 90% of a population’s genetic diversity be maintained for
200 years is based on the assumption that reproductive technology
should be available by that time. At tﬁat point, captive
populations of reduced size can be managed with the aid of
cryobiology. Without it, zoos will have insufficient resources to
confront the pressing demand for captive propagation of species

endangered in the wild.
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FIGURE LEGENDS

Figure 1. Loss of genetic diversity (heterozygosity) over time in

populations with various effective population sizes.

Figure 2. Loss of genetic diversity over a 200 year period in two
populations of equal size (20) but with different generation

lengths.

Figure 3. Effect of generation time on population sizes required
to maintain 90% of a population’s genetic diversity over a
200 year period. Calculations are based on founding
populations of 20 individuals and an annual growth rate of
10%. A population with generation length of 5 years requires
over 800 individual to achieve this goal while a population
with generation length of 10 years requires only 250

individuals.

Figure 4. Increase in number of callitrichid species zoological
insitutions can preserve by increasing generation length
through cryopreservation of germplasm and reproductive
technology. Based on global zoo capacity for 2800

callitrichids (Table 1).
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The Importance of Genetic Resource Banks

Various public- and privately-sponsored task forces have emphasizéd the importance of
developing strategies for maintaining genetic diversity in wild fauna and flora. For more than 12
years, there has been a consistent demand for establishing genetic resource banks for wildlife

species.

» "New agencies should be established, or existing agencies charged, with the preservation of
particular germ plasm resources. Funds should be provided to support these agencies and to train
the personnel necessary for the maintenance of these essential resources. What is done for
domestic species (e.g., artificial insemination, sperm and blastocyst freezing, and implantation)
should be done for all species reproducing in captivity." (Conservation of Germ Plasm Resources:
An Imperative, National Research Council, Report of Committee on Germ Plasm Resources,
National Academy of Sciences, Washington, DC, 1978.)

 "Establishment of a program in the U.S. to coordinate the management of animal germ plasm
resources would be in the national interest.” (Animal Germplasm Preservation and Utilization in
Agriculture, Council for Agricultural Science and Technology, Report No. 101, Ames, Iowé,
September 1984.)

+ "Preservation of germ plasm requires that institutions should be developed and/or strengthened
for collection, maintenance and dissemination of genetic resources." (U.S. Strategy on the
Conservation of Biological Diversity, Inter-Agency Task Force Report to Congress, U.S. Agency
for International Development, Washington, DC, 1985.)

» "A program of research could be administered through the National Science Foundation and
channel funds to both basic studies on the reproductive biology and cryobiology of wild animals
and to applied studies on the control of reproduction, artificial insemination and embryo transfer.
Another approach could be establishing a few centers for study of the reproductive biology of wild
animals. These centers could serve as focuses for programs of basic and applied research. They
should be sufficiently well-funded to allow broad programs of research on-site as well as
extramural research with cooperating institutions. These centers could likewise serve as
repositories for frozen gametes and embryos from endangered populations”. (Technologies to
Maintain Biological Diversity, U.S. Congress, Office of Technology Assessment, Report No.
OTA-F-330, U.S. Government Printing Office, March, 1987.)
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« "High priorities studies include . . . gamete and developmental biology and the collection,
ewviluation and long-term storage of genetic material including gametes and embryos. Successful
cryobiology will have a major impact on conserving genetic diversity. A resource of frozen semen
ani embryos could be used interactively with living populations to periodically infuse genetic
material from captive or wild animal stocks or to instill captive populations with thawed genes from
previous generations. The cryopreservation and storage of haploid gametes and diploid embryos
and cell cultures at low temperatures (-1960C) offers unique opportunities for facilitating the
prapagation of wild species and ensuring the conservation of genetic diversity. The development
of banks of cryopreserved germ plasm will: 1) reduce the number of animals needed to ensure hi gh
lewels of genetic diversity; 2) facilitate the infusion of germ plasm from wild populations into
captive breeding programs; and 3) provide insurance against the loss of diversity from epidemics,
natural disasters and social/political upheavals. Similarly, DNA and tissue banks permit
retrospective genetic analysis of founder animals. Research is needed to develop simple, -
alternative preservation approaches including vitrification, freeze-drying and cold storage."
(Research Priorities for Single Species Conservation Biology, a workshop sponsored by the
National Science Foundation and the National Zoological Park, Washington, DC, 1989.)

The time is right to finally act on these recommendations. There is an overall renewed
public consciousness about environmental issues, and recent advances in "biotechnologies" make
the actual utility of genetic resource banks more a reality than ever. The potential of such resources
already has been demonstrated by the successful preservation of germ plasm from important
domestic food animals, companion animals and crop plants. Private enterprise as well as some
governmental actions have been initiated to collect, protect and use these agricultural resources.
For example, the commercial distribution of frozen cattle semen has been in place for more than 30
years. Recently, similar commercial efforts have spread to the routine use of frozen cattle
embryos, frozen rodent embryos (for biomedical research) and frozen sperm from purebred dogs.
Both private and federal institutions have begun to systematically store biological material from
specific animal and plant genotypes. As three examples: 1) the Jackson Laboratory and the
National Institutes of Health maintain large storage facilities for frozen embryos collected from
hundreds of genotypes of mice used as animal models for biomedical research; 2) the United States
Department of Agriculture maintains a repository for plant seeds from crop species; and 3) The
American Type Culture Collection functions to acquire, preserve and distribute characterized
strains of bacteria, fungi, protozoa, algae, viruses, cell/tissue cultures and the creations of
recombinant DNA technology.
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The Justification and Potential Utility of Genetic Resource Banks

During the past decade, there has been much concern about the loss of genetic diversity in
wild taxa. It has been speculated that certain biotechniques like gamete (sperm and ovum) and
embryo cryopreservation could be instrumental in assisting in the conservation and management of
wildlife species. In light of the publicity directed at dwindling habitat, the loss of species and
genetic diversity and the potential of artificial breeding technology, it is remarkable that no
organized effort exists, either in the U.S. or elsewhere, to sample, evaluate, cryopreserve, catalog,
maintain and use germ plasm from wild animal and plant species.

+ In practice, a Genetic Resource Bank would not be merely a static warehouse of biological
material but would serve a vital, interactive role between living populations of captive and free-
living species. These interactions are required to prevent undesirable selection pressures in
captivity, preserve new diversity resulting from natural evolutionary processes and allow small or
fragmented populations to receive "infusions” of genetic diversity from cryopreserved germ plasm.

* The combination of frozen gametes and embryos and reproductive techniques such as artificial
insemination, in vitro fertilization and embryo transfer offers unique opportunities for improving
the efficiency of captive breeding programs. Cryopreservation of germ plasm extends the
generation interval of a species indefinitely. The genetic diversity of the founder does not die with
the animal, but remains viable and available for future generations.

+ Germ plasm banking has the effect of reducing the number of animals needed to ensure that high
levels of genetic diversity are retained within a population. This reduces the capital and operating
costs of zoo breeding programs and provides space for other species at risk for extinction.

* Other benefits include the incorporation of germ plasm from wild stocks into captive breeding
programs without removing animals from the wild, and the insurance banking offers against the
loss of diversity or entire species from epidemics, natural disasters and social/political upheaval.

+ Transporting frozen sperm or embryos eliminates the considerable risks associated with the
transport or exchange of live animals.

+ The judicious interspecies use of germ plasm (e.g., hybridization of rare species of wild cattle
with common cattle) may provide avenues for improving the genetics, food production and general
agri-economy of developing countries.
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+ Technologies developed for animal and plant germ plasm can be used to expand the genetic bank
to include other biologicals including tissues, blood products and DNA. These new elements also
can provide a service repository allowing more wide-spread access to rare specimens.

Background - An Argument for Single Specics Conservation Bioloev in Concert with A Genetic

Resource Bank

The biodiversity of the planet is disappearing at an alarming rate. Most extinctions are
human-induced and caused by the fragmentation, destruction, exploitation and pollution of natural
habitats. Of particular significance is the emergence of a new field - Conservation Biology - which
seeks to define and understand the factors affecting ecosystems and controlling species survival.
Conservation biology is interdisciplinary and relies on a synthesis of ideas, information and
approaches from a wide variety of scientific and geopolitical fields. One vital component is
reproduction, the process on which maintenance of all inter- and intra-species diversity depends.

Conservation biologists constantly debate the relative merits of saving habitats versus
species. Habitat proponents suggest that representative ecosystems cam be identified and
permanently isolated from human interference. This approach focuses on the long range problem
and protects the ecosystem and the many species within it. In an undisturbed natural habitat, most
species are likely to fulfill their essential needs and flourish. The problem, of course, is in
choosing which habitats to preserve since many species inevitably will be excluded. Additionally,
those species most susceptible to extinction (i.e. large-sized predators at the top of the food chain)
often require extraordinary large home ranges. Therefore, it may be too expensive or socially
disruptive to provide sufficiently-sized natural reserves for such animals. The contrasting view is
to preserve single species, an approach exemplified by captive breeding programs. In this
scenario, animals are maintained in a semi-controlled environment, and modern science is charged
with identifying and manipulating the factors influencing reproductive success. In theory and
given modern management techniques, rare species should thrive in captivity. But single species
conservationists encounter many of the same problems that plague programs designed to save
native habitats. The shear cost of establishing "naturalistic" captive environments and prioritizing
which species deserve the most attention are major concerns. These proponents also are faced with
the paradoxical threat of unbridled success, that is, that captive breeding may increase animal
numbers to the point that all captive habitat is saturated and then overwhelmed.

There is no doubt that habitats and single species should be salvaged simultaneously and
that the cryopreservation of biological materials can play a major role in both types of conservation.
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For example, free-living animals produce excessive germ plasm which can be recovered safely,
cryopreserved and used to infuse captive populations with genetic vigor while eliminating the need
to remove more animals from the wild. Likewise, cryobiology offers a res_olhtion to the problem
of limited captive breeding space. It simply is more cost-effective to preserve genetic material from
populations, genotypes and individuals at low temperatures, eventually rederiving these species
when needed.

An Overview on State-of-the-Art Reproductive Biotechnology including Cryopreservation and Use

f Germ Plasm and Em S

Basic reproductive research has sparked a revolution in combating human infertility and
improving livestock production. Reproductive biotechniques no longer are exclusively useful to
humans, domestic and laboratory species. The current biodiversity crisis mandates that more
fundamental science be directed at unconventional species, most of which have never been studied.
These taxa conceal a wealth of new information on biological phenomena ranging from basic
gamete physiology to reproductive adaptations to speciation. In humans and domestic animals,
reproductive biotechniques (germ plasm cryostorage, artificial insemination, in vitro fertilization,
embryo micromanipulation and embryo transfer) were the direct result of basic research and, in
turn, became essential to achieving even greater improvements in reproductive performance. For
wildlife species (including vertebrates, invertebrates and plants), these techniques could be used to
enhance propagation and sustain current levels of bio- and genetic diversity.

During the past decade, there has been a surge of interest in developing captive breeding
programs for preserving rare animal species. The formulation of species survival plans, recovery
plans and population viability analyses and the release of captive-born animals (e.g., golden lion
tamarins, red wolves, bison, Arabian oryx) into wild habitats have revealed one common theme,
there is an all-out need for more quality research. The question then becomes what types of
research are of highest priority?

Logic dictates that considerable emphasis be placed on sustaining existing biodiversity
using cryopreservation technology since any further delay only will accentuate ongoing and
relentless losses in species and genetic variability. The actual details for using frozen gametes and
embryos for producing wildlife offspring have yet to be developed for many species.
Nevertheless, sufficient technology and in vitro (laboratory) test procedures are available to ensure
that most frozen germ plasm is biological competent and eventually useful. Another argument for
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The lack of application is the direct result of insufficient or, in most cases, nonexistent funding for
both basic and applied wildlife research. Historically, there also has been notoriously poor
codrdination of similar efforts among zoos. Amazingly, no centralized organiiaﬁon has evolved to
compel zoos to participate in a genetic resource conservation program (like the Species Survival
Plans developed through the American Association of Zoological Parks and Aquariums). Even so,
there is a general consensus that reproductive biotechnology could be used to better preserve
geretic diversity and assist in captive propagation given that species reproductive norms were
known. In this respect, this same strategy was used to make the use of frozen sperm and embryos
feasible in farm livestock.  For example, the conventional use of Al and embryo transfer in
domestic cattle became routine only after years of research into gamete biology and fundamental
reproductive processes. This substantial progress could only be made after millions of research
dollars were provided by federal, commercial and private sources.

Similar basic research strategies are possible and have been applied to wildlife species
(primarily on limited or pilot basis) by a few pioneering institutions. Advances in wildlife and zoo
veterinary medicine now permit routine and safe animal anesthesia which allows blood sampling
(for endocrine monitoring), electroejaculation (for semen collection), uterine catheterization (for
nonsurgical embryo collection/transfer), laparoscopy (for oocyte recovery) and ultrasound (for
ovulation and pregnancy diagnosis). Other novel and exciting techniques have been developed to
facilitate the eventual practical use of genetic material. The hormonal status of many wildlife
species now can be tracked by measuring hormonal metabolites in voided urine or feces. This
innovative approach, which eliminates the stresses associated with blood sampling under
anesthesia, has been used to document the estrous cycle, time of ovulation and even predict
pregnancy and impending birth. Simple, cost-effective enzyme-linked immunosorbent (ELISA)
assays can be used to predict critical events (like ovulation from a urine sample) and offer exciting
means of assessing endocrine function under field conditions. New approaches, originally
developed for assessing human fertility potential, also are finding application in wildlife species.
"Heterologous" IVF systems are available whereby hamster or domestic cat oocytes can be used to
test the penetrating or fertilizing capability of sperm collected from other species. These in vitro
assays of sperm viability will be important in testing the biological competence of frozen-thawed,
wildlife sperm. Lastly, reproductive biotechnology is beginning to contribute significantly to
nonmammalian and invertebrate species. Some progress has been made in the long-term storage of
fish gametes (especially salmon and rainbow trout sperm) and mollusc embryos. Insects also are
benefiting as illustrated by continued progress in the freeze storage of, for example, honey bee
semen and the recent successful cryopreservation of Drosophila embryos. As demonstrated in
Tables 1 to 3, there is similar tantalizing evidence in other wildlife species. The live births of any
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wildlife species as a result of biotechnology and the use of fresh or frozen germ plasm are
laudable. However, certain events are particularly worthy of note as they either: 1) demonstrate a
biological "first" for wildlife species; 2) illustrate the ability to apply techniqués developed for farm
livestock to wild counterparts; or 3) focus on a particularly difficult taxon which has received little
or no research attention. Such milestones could include the birth of live offspring following:

* intraspecies embryo transfer in a baboon (first successful ET in a wildlife species);

* IVF in a baboon followed by embryo transfer (first successful IVF in a wildlife species);

* Al of a puma using fresh sperm;

* intraspecies embryo transfer in the eland, oryx, bongo and suni antelope;

* Iinterspecies embryo transfer in the gaur (to Holstein cow), zebra (to domestic horse),
Przewalski's horse (to domestic horse) and bongo (to eland);

¢ Al of a giant panda using frozen-thawed sperm;

* intraspecies transfer of frozen-thawed marmoset embryos;

* IVF of Indian desert cat oocytes followed by embryo transfer to the domestic cat;

¢ Al of gaur with frozen-thawed sperm;

¢ IVF of tiger oocytes followed by embryo transfer to a surrogate tiger.

Although cryopreserved genetic material played a role in only four of these events, there is no
biological reason why frozen gametes and embryos could be not be used successfully to extend
these early accomplishments.

Regardless of species and technique used, some sperm and embryos will inevitably fail to
survive freezing and thawing. Although a great deal of research has been directed at cryoprotective
solutions and cooling rates for semen and embryos, it now is apparent that these factors can vary
with species. Basic formulae for freezing sperm and embryos are available, and it is likely that
only modest research will be needed for some species. However, there is an almost complete lack
of information on sperm and embryos for a vast number of species, suggesting that much more
basic research will be needed. Also of concern is the potential introduction and spread of diseases
to domestic livestock and other wild stocks that could occur with the international transport of
poorly-monitored gametes and embryos. These factors must be taken into consideration in the
formulation of genetic resource banks.
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been reported for up to 6 years. There are some reports of successful cryopreservation of shoot
tips and meristems but current procedures often exhibit variable rates of success. Unfortunately
insufficient data are available on whether a single protocol can be appliedéto maintain diverse
sources of plant germ plasm or whether regenerated plants are normal after prolonged low
temperature storage.

2. Tissue and cell cultures. Plant tissue cultures (callus cultures) are initiated in vitro from
proliferating masses of largely unorganized cells arising from wounds on differentiated plant
tissues. Itis possible to initiate callus cultures from many species of plants and to further isolate
and subculture this tissue on fresh medium. When cultures are transferred into liquid medium,
callus may form a suspension of single cells or multicell aggregates. Sometimes it is possible to
regenerate whole plants from tissue cultures using defined environmental, nutritional and/or
homonal treatments. All types of plant organs and tissues (stems, roots, leaves, floral organs)
have been used to initiate callus cultures. Two properties of plant tissue and cell cultures are of
particular concern for plant germ plasm preservation. First, the vigor and regenerative potential of
the material decreases over time. Second, genetic changes frequently are found in plants
regenerated from callus cultures. Although such genetic variation provides a powerful approach
for plant breeders, it is unacceptable when the objective is to preserve a specific genotype. For
these reasons, in vitro plantlets derived directly from buds or shoot tips are considered more
suitable than callus cultures for maintaining germ plasm in vitro.

An Overview on State-of-the-Art Biotechnology for Cryopreserving Plant Tissue Cultures

Although procedures for the cryopreservation and storage of microbes and animals cell
cultures became well-established in the early 1960s, significant progress in applying this
biotechnology to plant tissue cultures did not occur until late in that decade. True cryopreservation
of plant tissue cultures when defined in terms of regeneration of whole plants after thawing was
first reported in 1973. Subsequent research indicated that the ease of cryopreserving plant material
depends on complex interactions between morphological, physiological and cryobiological factors.
In general, the larger the size and complexity of the tissue, the lower the likelihood of success.
Therefore, although significant progress has been made in the cryopreservation of plant cell
suspensions and plant pollen, applications of this procedure to shoot tips and meristems yield
lower and more variable results. There are several reports of the regeneration of plants from
cryopreserved shoot tips and meristems but in most cases some abnormal growth and callusing
occurs after thawing.
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cultures and the creations of recombinant DNA technology; also is a leader in developing
computerized record systems for stored biologicals).

Center for Plant Conservation, Jamaica Plains, MA (nonprofit organization that has established a
network of botanical gardens and arboreta to conserve rare North American wild plant species).

Cincinnati Zoo, Cincinnati, OH (zoological park conducting basic and applied research in sperm
and embryo freezing of domestic and nondomestic species).

Henry Doorly Zoo, Omaha, NE (zoological park conducting basic and applied research in sperm
freezing in nondomestic species).

Jackson Laboratory, Bar Harbor, ME (nonprofit organization conducting basic and applied
research in mouse embryo freezing; maintains a major frozen embryo repository).

Metro-Toronto Zoo, Toronto, Canada (zoological park conducting basic and applied research in
sperm and embryo freezing in domestic and nondomestic species).

Minnesota Zoo/University of Minnesota, Minneapolis, MN (zoological park/academic institution
conducting basic and applied research in sperm freezing in domestic and nondomestic species).

National Cancer Institute, Laboratory of Viral Carcinogenesis, Frederick, MD (federal institution
which maintains selected cell lines from wildlife species).

National Institutes of Health Embryo Cryopreservation Unit, Bethesda, MD (federal institution
conducting basic and applied research in embryo freezing in laboratory rodents including mice, rats
and rabbits; maintains a major repository for frozen mouse embryos).

National Science Foundation, Washington, DC (federal institution providing support for some
important genetic plant and microorganism stock collections).

National Zoological Park, Smithsonian Institution, Washington, DC (zoolo gical institution
conducting basic and applied research in sperm and embryo freezing in domestic and nondomestic
species; establishes cell lines from wildlife species).
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San Diego Zoo, San Diego, CA (zoological park conducting basic and applied research in sperm

and tissue freezing in nondomestic species).

Seed Savers Exchange, (organization of hobbyists that collect heirloom and endangered vegetable
varieties).

Texas A&M University, Department of Veterinary Physiology and Pharmacology, College Station,
TX (academic institution conducting basic and applied research in sperm and embryo freezing in
domestic and nondomestic species).

U.S. National Plant Germplasm System (NPGS) [NPGS is a network of cooperating federal,
state, private agencies and research facilities that acquire and maintain crop germ plasm. Maintains
some wild species but this is a secondary function and usually involves relatives of cultivated crops
or economically valuable plants. Composed of six elements including: 1. the National Plant
Germplasm Committee which coordinates research and service efforts of the federal and state
agricultural experiment stations; 2. the National Seed Storage Laboratory in Fort Collins, CO
which is the nation_s primary long-term storage facility for seeds; 3. the Crop Advisory Committee
which advises on acquisition, maintenance and use of genetic resources; 4. the U.S.D.A./A.R.S.
Plant Genetics and Germplasm Institute in Bethesda, MD which manages various germ plasm
acquisition and introductions; 5. Four Regional Plant Introduction Stations which maintain germ
plasm from specific crops; and 6. Nine National Clonal Germ Plasm Repositories which maintain
living plant collections of species that must be propagated vegetatively (fruit and nut species)].

Zoological Society of London, London, England (zoological institution conducting basic and
applied research in sperm and embryo freezing in domestic and nondomestic species).
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R¢«commendations for Establishing a Genetic Resource Bank(s)

1. Immediate funding should be provided to support an institution whose objectives and research
actomplishments are oriented to conservation biology and the preservation of biodiversity. This
organization would be designated the National Genetic Resource Bank.

» Progress will be accelerated by supporting an existing institution, preferably one with
multidisciplinary team talents. Organizations with professionals and technicians with combined
skills in the fields of animal (domestic and nondomestic species) or plant reproductive physiology,
cryobiology, low temperature (cold storage), gamete function, embryology, artificial insemination,
embryo transfer, in vitro fertilization, endocrinology, veterinary medicine (especially anesthesia),
disease transmission via germ plasm, population biology, genetic management, field studies and/or
computer programming, are highly worthy of consideration. Since it is unlikely that any single
organization would have either the expertise or physical space to maintain a frozen repository of
gemm plasm/embryos, plants/seeds and tissue/DNA, separate organizations should be responsible
for each of these three biologicals. Each would serve as a separate Division (one for animal germ
plasm, one for plants, one for tissue/DNA) within the National Genetic Resource Bank.

 The research record of the staff should reflect an appreciation for the importance of basic
research as a prerequisite to practical collection and subsequent utilization of the genetic materials.

* The institution should have earned independent recognition and/or be closely affiliated with
other organizations of national and international repute and have demonstrated a record of
leadership in conservation issues, scientific research and training.

+ The institution should have international contacts and existing collaborations with conservation
organizations, research institutions and governmental/private wildlife authorities world-wide.
Such relationships are a prerequisite to coordinating, organizing and gaining access to special or
rare wildlife populations for genetic material recovery, storage and distribution. Special
collaborative talents will be required to ensure that species, populations and individuals in crisis
receive first priority attention.

+ Funds should be used to: 1) support existing staff and/or hire new talent; 2) purchase equipment
and supplies to permit the safe collection, processing, long-term storage and active use of germ
plasm and DNA; 3) transport and support research teams to permit the collection and preservation
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of mre genetic material; and 4) conduct basic and applied research (as outlined in recommendation
#3 below).

2. Additional federal and private funding should be identified and appropriated to begin
deweloping regional genetic resource banks throughout the U.S. and abroad. These smaller
institutions will be crucial to securing appropriate samples of genetic material unique to specific
geographic locations. Regional centers should support the mission of the National Genetic
Resource Bank by providing half the frozen sample to the central repository while maintaining half
locally for "insurance-safety" purposes. Regional banks also should be encouraged to conduct
research, much of which will be based on innovations and advances made at the National Genetic
Resource Bank.

3. Considerable emphasis must be placed on both basic and applied research by the Genetic
Resource Bank institution. Areas of high priority include:

» Defining the effect of species on the efficiency of freezing sperm, ova, embryos and seeds (a
strategy which will determine how well existing technology can be applied immediately to rare
species);

+ Identifying the best cryoprotectants and cooling and thawing processes for a particular species
of interest;

» Developing accurate laboratory approaches for testing the viability of thawed germ plasm,
embryos, seeds, tissues and DNA;

» Conducting detailed, longitudinal studies on the many species-specific factors that influence the
production of live offspring from thawed material;

+ Improving testing and processing procedures to ensure that the transport of germ plasm does not
contribute to disease transmission.
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Resources of Plant Germplasm

onserving the world’s biological diversity has emerged as a matter of internarional

concern. Annually, many. species are disappearing.’ Of particular importance are

plant species related to those employed in agriculture. Some of the plants that
produce little or no food possess genetic traits that enable them to withstand stress, pests,
or diseases of many kinds. In the United States, most of the plants grown in agriculture have
been bred to resist many known hazards. However, it is inevitable that destructive
capabilities of pests and disease organisms will evolve. When such contingencies arisc, plant
breeders seck to incorporate germplasm having the necessary resistant characteristics.
Preserving biodiversity of relevant plant species is in effect an inexpensive insurance policy
to safeguard future low-cost supplies of food.

In this matter, the National Plant Germplasm System (NPGS) of the United States has
an important role. It has responsibility for about 400,000 accessions of 8,700 species.
Additional accessions are held by commercial breeders, universities, other organizations,
and individuals. Most species are not originally native to the United States. The major crop
plants were brought here by immigrants or plant collectors. Among those who brought
seeds to the United States were Benjamin Franklin and Thomas Jefferson. Later, U.S.
botanists roamed the world collecting many thousands of specimens. In recent decades
much of the new germplasm has been acquired through exchanges with organizations or
individuals elsewhere. Other countries, including Russia, China, and India, have substantial
collections. However, the United States is reputed to have the most extensive one.

In the United States only a small fraction of the varieties of plants is grown intensively.
Most of the germplasm is safeguarded in the special facilities of the NPGS. Under special
conditions seeds can remain viable for many years. However, circumstances in many small
tropical countries are such that heavy losses would occur rather quickly. Seeds must be dried
to a moisture content of about 6% and then maintained in cold storage. A new facility
located at Fort Collins, Colorado, will provide vaults cooled to liquid nitrogen tempera-
tures. About 230,000 accessions are stored there. Special problems of germplasm preser-
vation arise when seeds behave poorly after desiccation or when plants do not produce
useful seeds. In any event, it is necessary from time to time to propagate the germplasm
accessions. This activity is conducted at a substantial number of places, including Ames,
Iowa; Geneva, New York; Griffin, Georgia; and Pullman, Washington. These four regional
centers are responsible for management, regeneration, characterization, evaluation, and
distribution of more than a third of the accessions of the national system.

Until the recent past, the primary motivation for collecting and maintaining germplasm
was to ensure the self-sufficiency of U.S. agriculture. In effect, the effort has been broadened.
Today, the United States is the world’s largest distributor of plant germplasm. Each year, the
NPGS supplies, free of charge, 230,000 samples from its collections to more than 100 nations.
When seeds are involved, a sufficient number are provided to plant a row 15 meters long. The
NPGS is rendering an important service both domestically and internationally. However, a
recent report* of the Board of Agriculture of the National Research Council, which described
NPGS in detail, also indicated that both the nation and the world could be even better served.
The NPGS is a loose network of facilities that is administratively under the Agricultural
Rescarch Service of the Department of Agriculture. Itis in effect an orphan. The NRC report
recommended a substantial improvement in the status of NPGS and increases in its multifac-
eted efforts to manage some of the world’s most precious genetic resources.

There is a basis for expectation that the situation may be improved. Under terms of
congressional legislation (§2830-386), the structure and objectives of a National Genetic
Resources Program have been outlined. The provisions of the act are broad and constructive
in mandating research on genetic materials. The provisions also include, “Make available
upon request without charge and without regard to the country from which the request
originates the genetic material which the program originates.” The next step in the process
will be a report by the secretary of agriculture, due 1 November 1991, to Congress,
followed by implementing appropriations.—PHiLIP H. ABELSON

*Board on Agriculture, National Research Council, Managing Global Genetic Resources. The National Germplasm
System (National Academy Press, Washington, DC, 1991).
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Ex Situ Conservation of Plant Genetic
Resources: Global Development and
Environmental Concerns

JoEeL I. COHEN,* J. TREVOR WILLIAMS, DONALD L. PLUCKNETT, HENRY SHANDS

Conservation of plant genetic resources is achieved by
protection of populations in nature (in situ) or by pres-
ervation of samples in gene banks (ex situ). The latter are
essential for users of germplasm who need ready access.
Ex situ conservation also acts as a back-up for certain
segments of diversity that might otherwise be lost in
nature and in human-dominated ecosystems. The two

methods are complcmcntary, yet better understanding of
this interrelation and the role of ex situ conservation in
global environmental considerations is needed. Inclusion
of ex situ conservation efforts within current environmen-
tal policies conserving global diversity would focus great-
er international attention on the safeguarding of these
efforts.

ONSERVATION OF PLANT DIVERSITY CAN BE ACHIEVED IN A
number of complementary ways: conservation -of whole
plants in their native ecosystems or conservation of samples
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of a plant’s genetic diversity and of endangered species. Frequently,
one method acts as a back-up to another, and the degree of emphasis
placed on a particular method depends on a specific strategy
developed to fulfill conservation aims and uses.

Donor agencies have increasingly incorporated environmental
considerations in international development activities of the past
decade. When these considerations include conservation, support is
generally provided for protection of plants in situ because of the
urgent need to protect ecosystems in face of imminent change:

Conservation of samples of plants away from their field habitars is
considered to be ex situ. This has been most directly relevant to crop
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genetic resources because of utdlity for crop improvement. The
methodology for crops developed over the past 25 years is now
being applied to other sectors, such as forest reserves or endangered
wild flora. We examine the status of ex situ conservation of useful
plants and global cfforts to conserve biological resources.

Development Assistance for in Situ and ex
Situ Conservation

In recent yeats, support has increased more for in situ than for ex
situ conservation, despite the complementarity of these methods (1).
For example, material conserved ex situ is of great relevance to the
rehabilitation of in situ sites, and for the provision of genetic
materials for the management of areas protected in situ (2). How-
ever, competition has existed between the proponents of the two
strategics in view of different intellectual perspectives and limited
funds. For example, of the $37.5 million expended by the United
States in 1987 for conservation of biodiversity, only a little over 1%
was used for ex situ projects, excluding contribntions to the
international system of gene banks (3). The United Nations Envi-
ronment Program (UNEP) has expressed concern abotit biodiver-
sity—its commiittee developing an international convention for
conservation of biodiversity has emphasized equality of in situ and
ex situ approaches. It has requested support to establish centers for
ex situ conservation, particularly to conserve samples for restoration
of ecosystems (4). .

Genetic resource conservation is a long-term activity with a large
initial investment and continuing cost. Enhancement of agricultural
production has reccived preferential support and, because of this
and the few immediately tangible benefits (such as employment) of
ex situ conservation, the latter has received lower priority (5).

Among international funding agencies and foundations, there is
also a belief that the ex situ activides are being fully attended to
elsewhere, through funding of commodity-based International Ag-
ricultural Research Centers (IARC:s) of the Consultative Group for
International Agricultural Research (CGIAR), the International
Board for Plant Genetic Resources (IBPGR), and the Food and
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Agriculture Organizadon (FAO) of the United Natiofls, or by
international coordinating mechanisms or through activities of
national programs conducted by the U.S. Department of Agricul-
ture (USDA). This erroncous perception lowers the priority of
activities designed to ensure germplasm conservation and the need
to consider ex situ conservation in national environmental policy.

The FAO has been instrumental in drawing global attention to
the need for collection and conservation of crop and forest genetic
resources. Its intergovernmental commission on plant genetic re-
sources might help dispel misconceptions as its future reports
providing- global overviews and recommendations become more
widely recognized (6).

Secure, long-term funding is rarely available for international
programs because donors continually reassess priorities and redirect
limited funds. Ex situ conservation programs coordinated through
the CGIAR have a reasonable time horizon for funding because of
the nature of the CGIAR’s mandate and commitment from its
member governments. Nonetheless, commodity-based CGIAR
centers cannot carry the conservation responsibility alone, partic-
ularly for crops and plants that are outside center mandates and are
responsibilities of national programs, many in the developing
world (7). '

In 1990, Congress asked the U.S. Agency for International
Development (A.LD.) to study the need for ex situ conservation of
biological diversity and programs requiring support through A.LD.
assistance. Recommendations were developed, and congressional leg-
islation authorized A.LD. to initiate activities based on its report (8).

Four Eras of ex Situ Activities and
Development Priorities

Practical action on ex situ genetic resource conservation and use
can be divided into four major time eras (Fig. 1). These eras
illustrate the evolution of ex situ conservation and apply to all
organisms. In the first phase, udlity is tested; in the second, a wide
spectrum of genetic diversity is conserved because of its utility; in
the third, long-term viability of the investment in collection is
ensured; and in the fourth, there is enhanced exploitation, usually by
breeding. . :

Era of plant exploration and introduction. Between 1850 and 1950,
some of the most famous plant collectors traveled widely in search of
uscful and rare genetic resources to be collected and preserved in
botanical gardens and germplasm collections. This era was domi-
nated by plant collectors such as Frank Meyer, Wilson Popenoe,
Nikolai Vavilov, and David Fairchild. It was a time of amassing
collections by plant introduction, initiating quarantne systems, and
studying plants taxonomically.

The remarkable work of early pioneer collectors and their con-
temporary successors has contributed to the central role that plant

- introduction plays in world agriculture. It has long been recognized

that crop production in developed countries has depended on plant
introduction. Even now, many developing countries, some undeni-
ably rich in indigenous germplasm, are highly dependent on crops
introduced from other nations: less than one-third of the crops
produced in the developing countries of Africa and of the Americas
are of local origin (9).

During this first era, three major components were recognized as
essential to promote crop introduction: (i) access to an adequate
germplasm base from national or international collections, or direct
access by collection; (ii) national quarantine systems, including
post-entry inspection, seed health testing, and facilities for growing-
out samples; and (iii) effective national breeding and plant protec-
tion agencies working closely with conserved diversity in collections.
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Era of conservation. During the 1960s, the Green Revolution
became a recognized force in improving cereal yields and increasing
production to keep food supplies ahead of population pressures.
This was also the start of increased efforts to collect local varieties
threatened to be displaced by the widespread adoption of new
high-vielding varieties.

This new urgency in collecting responded to the needs of the
decade and led to the development of ex situ conservation facilities,
including base and medium-term storage facilities for seeds. In the
United States, regional plant introduction stations established me-
dium-term storage facilides in the late 1940s. Long-term seed
storage (at —18°C) at the National Seed Storage Laboratory
(INSSL) in Fort Collins, Colorado, did not occur until 1978. In
1974, IBPGR was established and given the responsibility of
developing a world plant germplasm network with emphasis on
food crops (and later adding forages). IBPGR assumed 2 central role
in stimulating field collecton and helping to establish effective oper-
ation of germplasm storage facilities internationally (10). More recent-
ly, global interest in conservation has been stimulated by the Botanic
Gardens Conservation Secretariat and the Center for Plant Conserva-
ton, both with emphasis on endangered and threatened plants.

Much of the progress on crops during this conservation era came
from support provided to the commodity-based centers of the
CGIAR, which developed important global collections of major
crop gene pools. These collections are generally competently han-
dled and accessions are usually attainable, although inventory prob-
lems have led to some concern.

Crops for which the private sector traditionally plays an important
role in collection, conservation, and use present special problems
and concerns. Examples are tropical plantation or industrial crops
such as sugarcane, rubber, oil palm, pineapple, and some pharma-
ceuticals. Examining how these industries support ex situ conserva-
tion could provide models for conservation of neglected crops,
including medicinal plants and spices.

Era of regeneration and new international linkages. Genetic resources
in storage requiring regencration are sometimes best returned to
original areas of collection for multiplication. Gene banks may need
to develop international agreements to properly regenerate their
materials and to minimize genetic drift. Such arrangements would
enhance efforts to increase seed, ensure high quality, and aid
evaluadon. _

International cooperation is the key to successful and comprehen-
sive regeneration programs. Donors can work closely with national

programs to initiate cooperative cfforts. This era represents the
juncture where bilateral assistance joins the progression of ongoing
conservation activities (Fig. 1). It is the time to strengthen national
programs so they can work more closely with global collections
housed by IARCs, formalize local linkages with programs geared to
wild flora, and modernize gene banks where state or local collections
have been consolidated. :

Era of more efficient use. It is recognized that some degree of use of
collections has occurred in all three of the previous eras. However,
udlization has been hampered by a number of factors, such as
samples that are poorly characterized, samples with low or no
viability, or samples too small to allow evaluation and distribution.
If regeneration is the most important challenge in strengthening ex
situ collections, efficient and wider use of accessions is the challenge
of the early 21st century. ’

For conserved germplasm collections to be “user friendly,” essen-
tial- descriptive and screening work must be done and linked to
“prebreeding” for crops. Also critical is linking use to improvement
through biotechnology and conventional breeding research (171).

Recommendations for Action

Strategic planning for ex situ conservation. National strategic plans
must take into consideration all aspects of biodiversity conservation;
yet ex situ conservation, a particular need in the agricultural context,
generally has not been included in biodiversity assessments. Because
of the urgent need to apply technologies for ex situ conservation and
regeneration, development assistance projects would benefit from ex
situ planning included in national conservation and environmental
strategies.

Ex situ programs require a clear policy framework and estimates
of necessary development assistance. To obtain such assistance,
development agencies must be informed of the following: (i) the
central roles that ex situ collections of genetic diversity will have in
broader environmental and conservation concerns, (ii) the need for
national policies and programs for ex situ conservation in develop-
ing countries, and (11i) the total financial, physical, and biological
resources required to ensure sustainable use of global biodiversity in
world agriculture and for other purposes. IBPGR has a major
coordinating role to play in this regard.

Where should official responsibility for conservation of diversity
be placed at the national level? Frequendy, ministries of environ-

Table 1. Comparison of the current status of ex situ conservation programs of crop élants in developing countries, the United States, and the IARG:s.

Developing

IARGs

Characteristics . U.S.
countries

Major regions of diversity represented within boundaries Many Limited Some
Participation in international germplasm exchange Limited* Yes Yes

Ex situ conservation policies developed Very few Yes Usually
Fully functioning germplasm system Limited Yes Usually
Long-term financial support Very limited Yes Yes
Exploration interests Yes Yes Yes
Long-term storage facilities Limited Yes Yes
Regeneration capabilities Limitedt Some§ Somet
Regeneration sites Somed Somet Some§
Data management expertise Limited Yes Yes
Distribudon capabilities Limited Yes - Yes
Able to train scientists Limited Limited$§ Yes
Able to provide technical assistance Nol| Limited$§ Yes
Hold global base collections Some Yes Yes

Limited Yes Limited arrangements

Operative germplasm quarantine facilities

*Often conditioned by national policies and by number of accessions with adequate material for distribution (see Tables 2 and 3).
$No one genetic resources program has ocal access to a complete range of sites for regeneration.
[[Except in very few cases. .

coordinating mechanisms, and availability of appropriate sites.
by availability of personnel and by conflicting responsibilities.
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fLimitations imposed by lack of resources,
§Limited
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ment, tourismn, agriculture, forestry, and fisherics all may have
programs related to genetic resource conservation. Such fragmenta-
tion causes problems, especially when linkages are difficult. This is
often true for development assistance and explains the perception
that there is litde coordination, especially at global levels.

Better partnerships: Supporting priority ex situ programs. Parter-
ships between national and international programs would enhance
the capacity of these programs to conserve and regenerate vulnerable

Table 2. Percentige of accessions from crop germplasm collections availabl

accessions or locations) and percents of totals; N/A, not available.

ex situ collections. These partnerships are nceded now if loss of
diversity from existing national collections is to be avoided. Finan-
cial support from the United States would help to distribute the
burden placed on the world community to conserve diversity and to
ensure preservation of germplasm collections.

Inefficient conservation programs, including national programs
that are nor fully functional and that lack financial resources to
preserve adequately genetic material, place a heavy burden on

e for distribution following regeneration. Values shown are numbers (of

Accessions able Accessions Locations
Center* Crop Accessions to regenecrate sufficient for available for
per year distribution regeneration
AVRDC Mungbean 5,273 1,000 3,200 2-5
Pepper 3,471 250 1,000 2-5
Soybean 12,303 1,000 8,000 2-5
Tomato _ 33814 350 3,000 2-5
Total 24,861 15,200 (61%)
CIAT Phaseolus (bean) 25,000 1,800 20,000 3
Tropical pastures 21,000 1,800 14,000 3
Cassava 4,500 In vitro Inviwo )
Total 50,500 34,000 (74%)
CIMMYT Barley 7,200 2,000 6,480 3
Bread wheat 48,600 8,000 43,740 3-7
Durum wheat 15,300 3,000 13,770 3-7
Primitive wheat 4,320 4,000 3,888 3
Triticale 11,700 3,000 10,530 3
Wild relatives 2,700 500 2,430 3
Total 89,820 80,838 (90%)
Maize 13,346 250 10,910 4-8
Teosinte 93 Insitu N/A
Tripsacum 90 Clonal N/A 1
Total 13,529 10,910 (81%)
CIp Potato (clonal, in vitro, seed) 4,500 3,500 clones 3,500 seeds 4-9
300 seeds 650 clones
Sweet potato (clonal, in vitro, sced) 5,507 2,000 clones 50 clones 1
300 seeds
Total 10,007 4,200 (40%)
ICARDA Food legumes 17,900 2,000 10,740 1
Total cereals 43,700 3,000 26,220 1
Forage legumes 22,000 2,060 13,200 1
Total 83,600 50,160 (60%)
ICRISAT Groundnut 12,841 1,500 12,500 10-15
Pearl millet 21,919 2,000 21,800 10-15
Pigeonpea 11,482 1,300 11,300 10-15
Other millets 7,082 1,000 7,000 10-15
Sorghum 32,890 2,600 32,600 10-15
Chickpea 15,995 1,400 15,600
Total 102,209 100,800 (99%)
IITA Musa 412 412 412 (100%) 2-7
Oryza species 12,500 4,500 9,000 3
Vigna unguiculata 15,200 4,000 9,439 3
Wild vigna 1,450 1,000 1,000
Total 29,562 19,851 (67%)
IRRI Rice 86,000 10,000 77,400 (90%)t 2
WARDA Rice 5,430 1,000 3,000 (55%) 3-16

*AVRDC, Asian Vegetable Research and Development Center; CIAT, Centro International de Agricultura Tropical; CIP, International Potato Center; ICARDA, International
Cenzer for Agricultural Research in the Dry Areas; ICRISAT, International Crops Research Institute for the Semi-Arid Tropics; IITA, International Institute of Tropical

Agriculture; and WARDA, West African Rice Development Association.

term storage.
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TOf its total 86,000 accessions, IRRI has successfully canned 43,500 accessions for medium and long-
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fundioning programs. Improving the conservadon capability of
other national programs is important to the United States and to all
national partners because of the global interdependence on germ-
plasm (5) and the recognition that no single national system can
enstre conservation of all plant diversity (12).

ALD. has initidted bilateral projects that support contributions of
financial and technical resources from the United States to strength-
en the capacity of national programs to collect, evaluate, conserve,
and internationally exchange plant germplasm (5, 13). This pro-
motes development of a more effective interface between the
conservation of a developing nation’s botanical resources and the use
of these resources in crop improvement.

A comparison of ex situ collections in developing countries, in the
United States, and in the IARCs identifies deficiencies that bilateral
development and funding could rapidly improve (Table 1). Collab-
oration between programs could enable national ex situ programs in

developing countries to join the global network of base collections-

(14) and could reverse the trend of unnecessarily large numbers of
accessions being stored in developed countries.

Sdentists involved with plant introduction and exchange interests
will continue to be key stakeholders in ex situ conservation. Even
though the golden era of exploration and introduction for most crop
plants has passed, effective programs are needed for special plant and
tree species and for new and novel crops. New germplasm must be
inroduced, preserved, and used so nadonal programs can fulfill their
role within countries they serve. '

Community seed banks and international collections. The preservation
of diversity, particularly of endangered plants and of traditional and
heirloom varieties, is no Jonger solely the domain of large national
and international programs. In recent years, seed saving exchanges
and other nongovernmental organizadons (NGOs), such as com-
munity and regional seed banks, have emerged to support and
expand local efforts in global biodiversity conservation, in many
cases linking traditional farmers with ex situ conservation programs.

The motivations and tactics of grass-roots groups arc different from
those of more formal genetic conservation programs, yet they are an
important complement to conserving genetic resources. For exam-
ple, Seed Savers Exchange conserves and exchanges over 5000
native varieties (15). External evaluation, resulting in a determina-
tion that such programs do complement those of national strategic

.plans, may be needed before development assistance is provided to

these newer efforts.

Expanding resources for improved management of collections. A review
by the U.S. National Research Council (NRC) on the management
of the U.S. National Plant Germplasm System (NPGS) stresses
multiplication, regeneration, evaluation, characterization, documen-
tation, and distribution (16). Of particular relevance to developing
countries, and essential for the future well-being of samples (17), are
improved storage facilities, expanded regeneration, and character-
ization. Samples conserved must represent a wide spectrum of
population diversity; regeneration protocols must consider the
type of material being regenerated to ensure sample integrity; and,
for safety, samples must be duplicated at different sites while
information and data are maintained. These practices must be
implemented as older collections are transferred into modern
conservation storage.

Regeneration protocols are only now being properly addressed
or are yet to be implemented. Without increased funding for
regeneration and preservation of collections, there will be no
security, and some germplasm repositories may become germ-
plasm morgues (17). Even in the United States, national germ-
plasm banks have been built without adequate regeneration or
evaluation funds (16). ’

Regeneration capacities, including the number of sites available
for regeneration, of the CGIAR centers (Table 2) and the NPGS
(Table 3) have been documented. The efforts made to ensure
long-term viability illustrate a shift in emphasis to conservation
coupled with active regeneration, especially since the 1980s (Fig. 1).

Table 3. Percentage of accessions from NSSL and regional plant introducton and conservation facilities available for distribution after regeneration.

Values shown are numbers (of accessions or locations) and percents of totals.

Accessions able Accessions Locations
Center Crop: Facility* Accessions to regenerate sufficient for available for
per year distribution regeneration
NPGS Barley: NSSLt 721 436
NSGC 26,168 5,000 22,175 2
Maize: NSSL 21,671 1,865
NCRPIS 8,783 450 7,000 2-7
Peanut: NSSL 121 29
SRPIS 8,165 1,100 2,000 1-4
Bean: NSSL 6,427 1,065
WRPIS 11,030 600 10,220 24
Potato: NSSL 3,262 86
IR1 4,272 300 4,000 1
Rice: NSSL 942 205
NSGC 16,010 5,000 13,899 1
Sorghum: NSSL 15,043 8,797
SRPIS 17,604 2,000 15,600 4
Tomato: NSSIL. 1,984 1,202
NERPIS 5,615 300 5,500 1
Cowpea: NSSL 279 255
SRPIS 8,133 1,500 5,500 2
Wheat: NSSL 1,597 619
NSGC 42,478 5,000 36,932 2
Totals
NSSL 52,047 14,559 (28%)
Regional 148,258 21,250 122,826 (83%)

*Acronyms for regional plant introduction and collection facilities are as follows: NSGC, National Small Grains Collection; NERPIS, Northeast Regional Plant Introduction
Station; WRPIS, Westemn Regional Plant Introduction Station; NCRFPIS, North Central Regional Plant Introduction Station; IR1, Inter-Regional Potato Introduction Project;

and SRPIS, Southern Regional Plant Introduction Station.
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TValues for NSSL indicate number of unique accessions not yet in the regional plant introduction facilities.
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Among the [ARCs, the percentage of accessions with sufficient
material for ditribution varies from 40 to 99% (Table 2). Of the
crops sampled, the NPGS has 83% of total accessions held at
regional introdiction and conservation centers available for distri-
budon and 28% at the NSSL that contain sufficient seed for
distribution toother collections (Table 3). Much work has been
accomplished, but many accessions need regeneration with greater

attention placedon patterns of diversity encompassed by collections,

especially heterozygous primitive material (18).

Human resoure development. Major gaps exist worldwide to pro-
vide relevant taining in ex situ conservation of plant genetic
resources. For the NPGS to have a major role in specialized training,
it must develop a significant international extension to its existing
domestic mandhte, as is consistent with NRC recommendations
(16). An “Intermtional Coordinator” could be supported within the
NPGS to facilitate bilateral waining and research efforts and to
overcome problms encountered, because there is no single NPGS
location that provides all facilities, relevant specialists, and research
needed to reinforce training (8).

More assistance should be provided for training and internships at
universities and internationally recognized centers for germplasm
conservation. Trining should be available for scientists from devel-
oping countries and for staff -from development assistance and
conservation agencies. For example, the Internatonal Rice Research

Institute (IRRI) has held three waining courses, two of which were

12 months long and included practical, hands-on training plus
studies on basic conservation principles. IBPGR, in conjunction
with the University of Birmingham, sponsors an intensive 12-month
course that has awarded more than 196 M.S. degrees (7, 19).
New international opportunities for coordination. A “World Strategy
for Conserving Biodiversity” is being developed in a coordinated
effort headed by three groups: International Union for the Conser-
vation of Nature and Natural Resources, UNEP, and World
Resources Institute (20). Program preparation is taking place for
release of the strategy in 1992, in consultation with other interna-
tional agencies. This coincides with the United Nations Conference
on Environment and Development, which will also examine means
to conserve global biological diversity (21). Coordinated efforts such
as offer new means to inject concerns associated with ex situ
preservation of diversity within a broader context and it is an
opportunity to add conservation plans for germplasm of economic
significance to the rationale for saving natural habitats and to ensure
that development assistance can be carried out in accord with world

environmental strategies.

Exploring Available Funding Options

Funding mechanisms for support of priority ex situ conservation
initiatives should include “debt-for-development” swaps, expanded
bilateral initiatives, and new joint efforts with the private sector that
could enhance funding available to gene banks.

Funding through debt-for-development swaps would enhance ex
situ programs while refinancing the national debt of developing
countries. This procedure takes advantage of the discount at which
debr sells in secondary markets. In the case of U.S. federal agency
funding, swaps are accomplished through an NGO as the recipient
of purchasing funds, then an appropriate exchange of funds with a
host-country institution. Ex situ conservation presents NGOs with
new challenges and opportunities for partnerships with donor
agencies.

Bilateral assistance, based on prior recommendations and autho-
rized legislation, will begin new initiatives. First, A.ID. plaos to
support international cooperation to prevent further loss of endan-
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gered genetic resources of maize. This project will include 13 Ladin
American national programs, Centro Internacional de Mejo-
ramiento de Maiz y Trigo (CIMMYT), and NPGS, and it will
systematically regencrate the Latin American and Caribbean acces-
sions of maize. Second, a comprehensive international training
institute for conservation of plants and animials is being developed
by the University of California, Davis. This course will include 30
participants from developing countries and approximately 60 from
the United States. ;

Finally, some new opportunities for funding through the private
sector may be derived from cooperative evaluation efforts based on
promising accessions that have already been identified. Partnerships
could include pharmaceutical, biotechnological, or agricultural com-
panies that are prepared to make equitable legal arrangements to
balance the control, movement, rights, and access to genetc re-
sources requested. Arrangements between the private sector and the
National Institutes of Health use material transfer agreements to
control distribution of incoming and outgoing materials and Coop-
erative Research and Development Agreements to allow funding of
complementary research (22).

Donor Concern Regarding ex Situ
Conservation Options

There are several concerns that development agencies may raise
before providing funds to national genetic resources programs,
First, they must be convinced that the proposed activity does not
duplicate germplasm efforts being conducted elsewhere. Second, the
degree to which a proposed activity complements or enhances
existing agricultural research and development activities in the host
country will have to be considered. Development programs have
only recently considered projects for the creation and management
of national genetic resources programs, but indefinite support is not
feasible.

The connection between projected loss of genetic resources and
subsequent negative effects on national development is not well
understood (23). Wider understanding by funding agencies will
help efforts to integrate conservation and use of genetic resources of
economic importance and will demonstrate conservation to be con-
sistent with development initiatives by identifying enhanced economic
benefits derived from the maintenance of biodiversity (24).

Finally, use of conserved germplasm in plant improvement pro-
grams must be better documented by organizations to produce clear
data justifying the ex situ efforts needed. Some data are available
(25), but, if ex situ preservation of diversity is to derive much greater
and needed support, then use of collections through breeding and
biotechnology will be a primary concern among development pract-
doners (26), along with the understanding that new technologies will
be hampered without well-maintained germplasm collections.
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Atomic Structure of Acetylcholinesterase from
Torpedo californica: A Prototypic
Acetylcholine-Binding Protein

JOEL L. SUssMAN,* MiCHAL HAREL, FELIX FROLOW, CHRISTIAN OEENER, T
ADRIAN GOLDMAN,T L1LLy TOKER, ISRAEL STLMAN*

The three-dimensional structure of acetylcholinesterase
from Torpedo californica electric organ has been deter-
mined by x-ray analysis to 2.8 angstrom resolution. The
form crystallized is the glycolipid-anchored homodimer
that was purified subsequent to solubilization with a
bacterial phosphatidylinositol-specific phospholipase C.
The enzyme monomer is an /B protein that contains 537
amino acids. It consists of a 12-stranded mixed B sheet
surrounded by 14 « helices and bears a striking resem-
blance to several hydrolase structures including dienelac-
tone hydrolase, serine carboxypeptidase-II, three neutral

lipases,.and haloalkane dehalogenase. The active site is
unusual because it contains Glu, not Asp, in the Ser-His-
acid catalytic triad and because the relation of the triad to
the rest of the protein approximates a mirror image of
that seen in the serine proteases. Furthermore, the active
site lics near the bottom of a deep and narrow gorge that
reaches halfway into the protein. Modeling of acetylcho-
line binding to the enzyme suggests that the quaternary
ammonium ion is bound not to a negatively charged
“anionic” site, but rather to some of the 14 aromatic
residues that line the gorge.

HE PRINCIPAL BIOLOGICAL ROLE OF ACETYLCHOLINE-
sterase (AChE, acetylcholine hydrolase, E.C. 3.1.1.7) is
termination of impulse transmission at cholinergic synapses
by rapid hydrolysis of the neurotransmitter acetylcholine (ACh) (1).

CH3COOCH,CH,N*(CHj); + AChE — CH;CO-AChE
+ HOCH,CH,N*(CH3); — CH;COO™ + H* + AChE

In keeping with this requirement, AChE has a remarkably high
specific activity, especially for a serine hydrolase {for a review, see
(2)}, and functions at a rate approaching that of a diffusion-
controlled reaction (3). The powerful acute toxicity of organophos-
phorus poisons (as well as of carbamates and sulfony! halides, which
function analogously) is primarily because they are potent inhibitors

of AChE (4). They inhibit AChE by forming a covalent bond to a
Ser residue in the active site {2). AChE inhibitors are used in
treatment of various disorders such as myasthenia gravis and glau-
coma (5), and their use has been proposed as a possible therapeutic
approach in the management of Alzheimer’s disease (6). Knowledge

~ of the three-dimensional (3-D) structure of AChE is therefore
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Department of Structural Chemistry and L. Toker and 1. Silman are in the Department
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}Visiting scientist at the Weizmann Institute of Science. Permanent address: Waksman
Institure, Rutgers University, New Brunswick, NJ 08855.




KeystoneInternatwnalDlalOgue Series on Plant Genetic Resources

© OSLOPLENARY SESSION

FINAL CON SENSUS REPORT |
GLOBAL INITIATIVE FOR THE SECURITY AND

SUSTAINABLE USE OF PLANT GENETIC RESOURCES

Thll‘d Plenary Sessmn
31 May 4 June, 1991
Oslo, Norway '




TABLE OF CONTENTS

INZERNATIONAL STEERING COMMITTEE . . . . .. ... ... .........
EXECUTIVESUMMARY . . . . . et e e e e i e e
REPORT . . . e e e
Preface . . . . . . . e e
Introduction . . . . . . . L e
Problem Statement and Rationale for the Global PGR Initiative . . . . . ... .. ..
Threats and Opportunities . . . . . . . . . 0o ittt i
Overview of Past and Current PGR Activities . . . . . ... .. ... ... ...
International Legal COMtEXt . . . . v v v v v v e e e e e e
Substantive Issues, Findings, and Recommendations . . . . ... .. B (¢
Ownership and Intellectual Property Rights . . . . .. ... ... ...... Lo 11
An Analysis of GapsandNeeds . . . ... .. e e e e e B £
Magnitude of Funding Requirements to Meetthe Needs . . . ... ... ... .21
Institutional Structures and Implementation Mechanisms . . . . ... ... ... 25
Call for Immediate Action . . . . ... ... ... ......... e e e 33
APPENDIX A: Plant Breeders’ Rightsand Patents . . . ... .......... ... 35
LISTOFPARTICIPANTS . . . . . o oo e e e e e e e e e e e e . 37

LISTOFACRONYMS .« . it ittt ittt ittt ettt tanneaaeess. 41

ACKNOWLEDGEMENTS

The Keystone Center gratefully acknowledges the following organizations which contributed funds for the Oslo Plenary
Session of The Keystone International Dialogue Series on Plant Genetic Resources:

. The Agricultural Research International Development Pew Charitable Trusts (USA)
Council of Norway Research Centre (Canada) Pioneer Hi-Bred International,
CIBA-GEIGY Ltd. The Ministry of Foreign Affairs Inc. (USA)
(Switzerland) of The Netherlands The Rockefeller Foundation
CIBA-GEIGY A/S The Norwegian Research ] (USA)
{(Norway) Council for Science and Swedish Agency for Research
Dag Hammarskjold Foundation the Humanities Cooperation with Developing
(Sweden) The Norwegian Ministry of Countries
The Ford Foundation Agriculture United States Department
(USA) The Norwegian Ministry of of Agriculture,
IBM Norway the Environment Agricultural Research Service
ICI Seeds (England) The Norwegian Ministry of Wallace Genetic Foundation
Foreign Affairs (USA) '

In addition, The Keystone Center would like to gratefully acknowledge the assistance of The Food and Agriculture
Organization of the United Nations in hosting pre-Dialogue work group sessions held in Rome, Italy.

Keystone Dialogue: Oslo Report

1ii




"TL-Y1 JO Juswdo[aAap o1} 03 PIINGLIU0I STBIPUE] OmI-AIUIM] ‘9A0GE LTBYD AU Uf PAESIPUI Sy "SJUSWIRIMbAI POOY SIMINY S, PHOM Sl 195U 0] KIE$SI00U SOSLIAIORIBYD
onauad yo 9guer sys 01 Junnqrnuod ut Aefd PPOM SY3 JSAO [[e WOy SSORIPUR] 1B} 9]0 [EONILID oY) SIJRLSUOWLP 2011 JO A1a1IRA WOpOW 1Y) Jo 92181pad oy, '$30In0891 oNjou
-98 Juejd s, pl0M 91 JO UOHEBZIIIN PUE UONEAIOSUOD oY) JO eouryoduw pue S1meu Juopusdapiour oy} SOZIOqUIAS 7/-y] 107 @181pad a1yl Jeys aaatjeq stuedionsed andoely

i | ES

1996141
ez Y
=B Go = =) ] S
(e-r3]  [econ] _ -
SE0zY
i
) [een] [2z02u] |
IFJ h =Y BN ¢ v2out cletdl v20cHt
(5] [z L ‘ i =] [ .
. [ ]
T 0w [ezena ] [
[z
(psdojon) 5 g
(om] (o] | [
(orpu) [ ezciy | 22 o
!
5] Tou & M

L =

h

PO

(1991
[24%)

[ bl .
{(wod5 v s, [[seo0s ]
83 I 22 oty il (Pl _MI.Hg\l‘l_..WliLUI_

(YSN) K1apA umowien '12 2040g Buciow Q| ] ood g
104t} AIRLIDA UMOUNUR 02 Iosiio 6
YD UDNA (DS), ‘61 BQUOS NI 8
doiy Bt nEpMOY L
uowKeuL 2 Sl ibg wog 9
[ umnpoL "9t puodoansy g
ubodmous Gt MO0 ¥
Gl os8g dnOKG B 0 e
oD ed €L Buaeg 2
oo 2 100Uy |

INL

Gyl
=]

[EE]

59004 pooy souaun [

TL-YT JO 2131pad

Keystone Dialogue: Oslo Report

v



EXECUTIVE SUMMARY

Overview

In th third and final report of The Keystone International Dialogue Series on Plant Genetic Resources,
the participants from the Oslo plenary session unanimously agreed on the need to alert the international
commnunity to the threat of genetic erosion. If the loss of plant genetic resources (PGR) continues un-
abated at the present rate, genetic options for needed changes in agricultural production in the future
will be lost forever.

The Dialogue participants firmly believe that the current situation calls for a Global Initiative for the
~ Security and Sustainable Use of Plant Genetic Resources. To be successful, the Global Initiative set
forthin the report will require the joint efforts and involvement of all affected parties and institutions
from all levels and from all parts of the world—including those who are contributors of germplasm, in-
formuation, technology, funds, and systems of innovation.

The xeport represents a consensus of 41 individuals with a diversity of backgrounds and interests from .
22 countries. The group was able to reach consensus on the content of the report, which is a summary of
their discussions, findings and recommendations. The participants of the Oslo session, noting the ur-
gency of the situation, stated affirmatively their commitment to take immediate and sustained action to
make the Global PGR Initiative a reality.

The Dialogue group strongly recommends that the upcoming United Nations Conference on Environ-
ment and Development (UNCED 1992) consider plant genetic resources conservation as an important
part of overall biological diversity conservation and as an integral component of “Agenda 21.”

Gaps and Needs

Plant genetic resources provide the basic raw materials to adapt crops to: expanding biotic and abiotic
stresses; changing consumer preferences; and possible changes in the environment, as may occur
through global warming, rising sea levels, and depletion of the ozone layer. Crops will have to be
adapted to sustainable forms of agriculture while maintaining increased productivity to feed a still grow-
ing world population.

The basic elements of an institutional framework for PGR conservation are in place at community, na-
tional, regional, and international levels. However, the system remains largely inadequate to provide the
needed security of plant genetic resources due to a serious lack of funds and the need for improved insti-
tutional structures and implementation mechanisms at all levels.

The report identifies gaps in activity areas that must be addressed if the system isto cope with the ur-
gency of the situation. Specifically, it will be necessary to improve and expand the current system in
many areas, including:

- exsiw conservation, including collecting, storage and regeneration, documentation and information
systems, germplasm evaluation and enhancement, and exchange;

- on-farm community conservation and utilization;

» in situ conservation;

- monitoring and early warning of genetic erosion in specific locations;

« development of techniques for sustainable advances in agricultural productivity; and

- research, training, and public education.

In all of these areas there is a necessity to enhance the linkages between the formal and informal sectors
at the community, national, regional, and global levels.
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Magnitude of the F unding Requirements to Meet the Needs

T'le centres of diversity of most crops important to world agriculture are located in the less developed
regions of the tropics and the subtropics. Unfortunately, many of the countries in these areas cannot, by
themselves, adequately meet the cost of conservation. Hence, preventing genetic erosion is an urgent in-
temational task that requires a sustained international commitment.

Tke Global PGR Initiative recommended in the Oslo Report will require substantial additional funding
oxxe the institutional framework discussed below is fully operational. It is estimated that the resources
that will be required to strengthen existing programmes and institutions in the manner outlined above
and described more fully in the report are on the order of US $300 million per annum on a sustainable
basis. During the period of 1993-2000, which coincides with UNCED’s “Agenda 21,” it is estimated
that US $1.5 billion will be required.

Ownership and Intellectual Property Rights

In addition to the gaps and needs associated directly with PGR conservation and utilization, the Dia-
logue group addressed issues related to ownership and intellectual property right (PR) systems. The
issue of IPR for plant genetic resources has fallen within the scope of wider discussions on IPR in the
General Agreement on Trade and Tariffs (GATT) negotiations. If the GATT negotiations result in the
strengthening of IPR within developing countries, this, in turn, might result in both the adoption of plant
variety protection systems and the patenting of plants, animals, and the genetic materials that are con-
tained in them. In previous Dialogue reports, the Dialogue group expressed strong concern about the im-
position of IPR for plant genetic materials through the GATT or bilateral trade negotiations. Every
country has the right to decide whether and to what extent they adopt IPR for PGR. No country should
be pressed to do so. To date, the issue has received little attention and discussion by the GATT negotia-
tors. The Dialogue group strongly recommends that the implications of IPR for PGR (as discussed in
the Oslo Report) be given adequate discussion and evaluation by the negotiators, with input from na-
tional experts and other entities involved with PGR, before any GATT action is taken.

The group agreed that the impact of intellectual property rights on plant genetic resources must be re-
viewed locally before IPR is extended to plant genetic resources. Although IPR may have important
value to stimulate innovation in certain market conditions, when applied to PGR it could have a nega-
tive impact on the farmer-breeders who still actively maintain important genetic diversity as part of
their traditional activities. Developing countries choosing to implement a Plant Breeder’s Rights (PBR)
system should retain provisions allowing Farmer Plantback of protected varieties. This is especially im-
portant in developing countries where farmers cannot afford to buy seed every year or are not consis-
tently reached by a seed distribution infrastructure and must therefore rely on seed saved from the
previous season.

Institutional Structures and Implementation Mechanisms

_ In order to effectively implement the Global PGR Initiative it will be necessary to utilize, build upon,
and improve existing institutional structures at the community, national, regional, and global levels. For
certain critical components of this Initiative, especially the creation and maintenance of ex sifu gene
banks, there should be an especially heavy reliance on national level institutional structures and im-
plementation mechanisms. The precise nature of these structures will undoubtedly vary. There is also a
critical need for'more effective linkages between the formal and informal systems at all levels.

The Dialogue group reached consensus regarding the need for a global mechanism designed to promote
political and policy oversight, mobilization and distribution of funds, and implementation of well-de-
fined tasks that fulfills the following basic criteria:

» It should have the confidence of all countries which are important repositories of PGR;
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- It should inspire support from contributors of germplasm, information, funds, technology, and sys-
tems of innovation; and ,

« It should be capable of ensuring effective, economical, and timely implementation of approved pro-
grammes.

Toachieve the above tasks the group believes that four major instruments will be needed. These are:

1. An Intergovernmental Council (IGC), based on the principle of one country, one vote, to discuss
and decide on policies and priorities, and approve a biannual plan of action, programme of work,
and budget. The IGC will include Associate Members to ensure inputs from the broader PGR
community;

2. An Executive Board (EB) of the IGC that is authorized to take action on the lmplementatlon of
the priorities specified in the approved plan of action;

3. A Scientific and Technical Advisory Committee (STAC) of independent professionals to pro-
vide the necessary scientific and technical advice and support to both IGC and its EB; and

4. A PGR Trust Fund operated as a special trust fund through a designated fiduciary agency.

An appropriate location that allows operational autonomy of the IGC/EB/STAC organizational struc- .
ture will be essential to ensure the successful implementation of the Global PGR Initiative. With this
and other criteria in'mind, the Dialogue group concluded that at present there does not exist any ideal or-
ganization that completely fulfills all of the identified criteria. Several options are possible: FAO, due to
its longstanding experience in this field and its existing intergovernmental Commission on PGR; an in-
tergovernmental body that may emerge from the Biological Diversity Convention negotiations; an inter-
governmental body that may emerge from the UNCED process; and the Consultative Group on
International Agricultural Research (CGIAR), if it is able, as with the other options, to develop a policy-
making structure along the lines of the Intergovernmental Council, Executive Board, and Science and
Technology Advisory Committee which are described in more detail in the report.

Call for Immediate Action

The new Global PGR Initiative is designed to create the basis for a general cooperative venture based
on mutual benefit. The Global PGR Initiative, taken as a whole, will inevitably create a new environ-
ment of trust and exchange. The purpose of the Global PGR Initiative is to act now to ensure conserva-
tion and use forever.

It is acknowledged that it may take some time for the PGR Initiative to become operational. Meanwhile,
the tasks needing attention and financial support are urgent. These include: immediate assistance to ex-
isting gene banks located in Eastern Europe and Ethiopia; training of gene bank managers; infrastruc-
ture development for PGR conservation in developing countries which are centres of genetic diversity;
and the development of a broader public awareness for PGR conservation. Given the immediate needs
outlined above, the Dialogue group recommends that a suitable project proposal be prepared and submit-
ted for consideration for support under the recently created Global Environment Facility (GEF) in view
of the high priority accorded by GEF to the protection of biological diversity. The GEF is under the
joint co-sponsorship of the International Bank for Reconstruction and Development (IBRD/World
Bank), United Nations Environment Programme (UNEP), and the United Nations Development Pro-
gramme (UNDP). .

Every day’s delay in pursuing this programme of action may result in a considerable loss of genetic vari-
ability in plants of current and potential use.
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as a means of improving PGR conservation, utili-
zation, and innovation. It is therefore desirable
also to consider policy mechanisms which would
provide incentives to informal innovation. In es-
sence, these would encourage and/or reward
farmers for their efforts to maintain and enhance
crop diversity, and to develop varieties with bet-
ter quality, improved yield, stress and disease re-
sistance, and more efficient utilization of inputs.

As discussed elsewhere in this document, there

is a great need for increased agronomic and eco-
nomic research at the small farm level. There is

a need to identify and describe constraints within
the informal sector to enable better targeting of
incentives. Research is needed to help solve tech-
-nical constraints faced by informal innovation.
One simple but potentially effective approach is
the idea of a “Conservation Corps” which could
include the provision of fellowships for young re-
searchers interested in working at the farm level
and training workshops for farmers interested in
plant breeding, variety testing, and selection.

Improved market opportunities for a wider vari-
ety of produce and for better quality products
also will serve as a direct reward to farmers for
improvement of a diversity of varieties. Here
again there is a role for different approaches
such as improvements to market infrastructure
(e.g., transportation of goods to markets, remov-
ing legal restrictions on local markets), informa-
tion campaigns, varietal advertising, agricultural
fairs to familiarize consumers, and market re-
search.

Farmer cooperatives can support PGR work at
the local level through the provision of germ-
plasm, appropriate technologies, and training.

Unresolved Issues

The following two concepts were received posi-
tively and with interest in holding further discus-
sions from participants from industry and NGO

backgrounds. Those participants more directly
engaged in gene bank operations were less inter-
ested in pursuing discussions in these areas.

In the course of discussing the positive or nega-
tive impact of formal plant breeding in develop-
ing countries, participants saw value in
encouraging an ongoing dialogue among various
interest groups on the wider implications of the
introduction of plant genetic resources in the
form of advanced varieties. Such discussions
could bring still greater trust and transparency to
the community and allow the world to ensure the
greatest benefit from PGR introductions.

The Keystone Dialogue considered ways to rec-
ognize the contribution made by all countries
through their accessions now held in gene banks
worldwide. For example, it was suggested that in
the long-term every gene bank in the interna-
tional system might provide each country con-
tributing germplasm with an inventory of the
accessions known to have originated in the con-
tributing country. A revised inventory could be
prepared every five years or at the time new col-
lections are added. Despite general agreement on
the desirability of making such information avail-
able, this would require a much better funded,
more efficient, and better functioning series of
PGR data banks than presently exist.

A further idea would incorporate licensing agree-
ments giving more favorable access to commer-
cialized materials derived from gene bank
accessions to those who contributed the germ-
plasm. Although such a scheme would recognize
and thus encourage more active participation by
“gene-rich” countries, it would impose consider-
able burdens on the gene banks and raise many
difficulties for implementation. ‘

There were several broadly shared and serious
reservations about the desirability of trying to im-
plement such proposals.

An Analysis of Gaps and Needs

18
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Conservation Strategies

PGR conservation efforts can be carried out in
various ways: (a) in situ conservation in natural
or original habitat; (b) ex situ conservation in
gene banks as seed, tissue, or pollen, in field
gene banks, or in other live collections; and (c)
on-farm/community conservation.

In situ conservation. In situ conservation of -
plant genetic resources depends on eco-geo-
graphic surveys to determine the amount of di-.
versity present, its current status, and established
measures to ensure future assessments.

Ex situ conservation. Ex situ conservation in-
volves collecting, storage, and regeneration, doc-
umentation and information systems, evaluation,
enhancement, and exchange.

*Collecting

The inadequacy of most current collections is
widely recognized. Even in major crops, there
are important areas of diversity that remain to be
sampled, and some areas where past sampling
was inadequate or faulty may need to be
revisited.

Much of the genetic erosion taking place today
occurs inside gene banks because of lack of re-
generation, poor storage or handling conditions,
inadequate funding to ensure proper operation,
lack of trained personnel, or managerial ineffi-
ciency. Additionally, wars and civil unrest
threaten the security of collections.

Field gene banks, often used for perennial spe-
cies (fruits, cash and plantation crops, and for-
estry) require large areas and are expensive to
operate and difficult to manage because of de-
manding maintenance requirements. Many tropi-
cal crops cannot be stored in regular gene banks
and therefore must rely on field gene banks or in
vitro conservation.

To maintain the genetic integrity of samples and
to ensure the security of existing collections,
more funding for long-term storage and effective
regeneration are urgently required.

« Documentation and Information Systems

Without documentation, much of this material
will never be used. Valuable characteristics pre-
served in gene banks may be unknown to poten-
tial users.

Information systems at both national and interna-
tional levels are currently inadequate and many
fail to take full advantage of the opportunities of-
fered by modern computer technology. Informa-
tion about accessions gathered from farmers and
based on their practical experience is often lack-
ing in collections. Considerable data stored in nu-
merous locations but not computerized are
essentially unavailable to researchers and gene
bank curators.

» Evaluation and Enhancement

Keystone Dialogue: Oslo Report
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Vavilov Centers of Plant Genetic Diversity

Areas of the World Where Food Crops Originated,
and Where the Genetic Diversity of Those Crops Is Greatest

1. Ethiopia
barley, coffee, sorghum

2. Mediterranean
oats, olives, wheat

3. Asia Minor

barley, lentil, oats, wheat
4. Central Asia

apple, chickpeas, lentil

5. Indo-Burma
eggplant, rice, yam

6. Indo-Malaya 11. Brazil-Paraguay'

banana, coconut, sugar cane peanut
7. China ) 12. North America
sorghum, millet, soybean sunflower
8. Central America 13. West Africa
bean, corn tomato millet, sorghum
9. Peru-Ecuador-Bolivia 14. Northern Europe
‘ bean, potato, squash oats, rye
10. Southern Chile
potato

22

In calculating the needs for additional funding,
certain assumptions were made. Central to a
global activity are national programmes. Each
country requires genetic variation in support of
ongoing breeding programmes (working collec-
tions). This would seem to fall within the na-
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tion 2l responsibility. Additional funding would
ther be allocated on the basis of the importance
of P'GR found in the country beyond those short-
terma needs.

Consequently, major recipients would be located
in thie recognized centres of diversity. (See map
on following page.) A national programme gener-
ally includes both a formal gene bank and com-
munity level activities. No attempt is made to
separate the two in terms of funding as that
would probably differ by country. '

Mostmajor industrialized countries fall outside
centres of diversity and for that reason would not
qualify as major recipients of funding. However,
there is a question as to whether the level of eco-
nomic wealth of a country should be taken into
account. The concept of contributors of funds
and contributors of germplasm may follow a gen-
eral pattern now, but may do so less in the future
as countries develop. Also, information, en-
hanced materials, and technology may become
increasingly important as in-kind contributions
to a global system, and may have to be taken into
account. In addition, the roles and responsibili-
ties of various elements of the global system will
be evolving, as discussed elsewhere in this re-
port. Many of these matters have not yet been re-
solved. Hence, financial requirements have been
estimated only for the period 1993-2000. It is as-
sumed that beyond that period the results of
UNCED 1992 will have become operational and
available funding determined, on the basis of in-
depth analyses of the real needs.

Components Requiring Funding

All funding estimates discussed below are pre-
sented as percentages of available funds, which
the Dialogue group believes should total US
$300 million per annum (1991 US dollars) in the
1993-2000 period.

Present holdings of PGR, as documented in the
IBPGR Database on ex situ conservation, num-
ber approximately 3.5 million accessions of
which 50 percent are known to be stored under
long- and medium-term conditions (i.e., at-10 to
-20 degrees Celcius).

National Programmes. In calculating financial
requirements to collect, store, maintain, and doc-
ument a reasonable sample of still existing PGR

diversity or seed in cold storage, a number of as-
sumptions are made.

+ Only part of the present day holdings are
unique samples (probably less than 50 per-
cent).

+ All unique samples have to be stored in at
least two gene banks.

« -The number of unnecessary replicated sam-
ples over those in gene banks will approxi-
mately be balanced by additional samples
still to be collected, and therefore the total
number of accessions in collections will not
exceed 4 million. :

+ The capital expenditure for adequate gene
bank facilities is approximately $75 per sam-
ple. .

« The cost of storage, maintenance, and docu-
mentation per sample is estimated to be on
the order of $50 per sample, based on cur-
rent costs of a number of gene bank | pro- -
grammes.

To conserve the total estimated world collection -
of 4 million unique samples at $50 per sample re-
quires $200 million. Current expenditure is esti-
mated at $75 million. Hence the added financial
requirement per annum should be 43 percent of
the Fund.

Field Gene Banks and In vitro Collection. A
sizeable number of crops cannot be stored long
term in cold storage. This includes vegetatively
propagated crops, many tree species, and species
with seeds that lose their viability rapidly under
conventional storage conditions. These species
have to be maintained in field collections and/or
in vitro collections (tissue culture). At present,
approximately 150,000 accessions are stored
under these conditions with an estimated 2,000
accessions in in vitro collections. It is estimated
that 10 percent of total future holdmgs will be in
field gene bank collections.

It is difficult to provide a reliable estimate of the
possible cost of a total world collection of such
crops. However, the additional financial require-
ments for expanded collections is unlikely to be
less than 6 percent of the Fund.

On-Farm Conservation. Current recorded ex-
penditure for stimulating and facilitating on-farm
and community conservation through NGOs is

Keystone Dialogue: Oslo Report
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Total Costs per Annum
Natimal Programmes 43%
FieldGene Banks 6%
On-#fum Conservation 6%
Supporting Activities 10%
Reseirch 17%
Trairning 4%
Public Education & Awareness 3%
Suitotal 94%
Capitil Investment/Annum
romn 1993-2000 _ 6%
Total* 100%

estimated to be on the order of $7 million. A sub-
stantialincrease would seem reasonable in view
of expanding programmes in this area: 6 percent
of the Fund should be allocated toward this end.

In Situ Conservation. 1t is assumed that in situ
conservation of PGR will be an integral part of
overall biodiversity conservation. To insure ade-
quate conservation requires a number of activi-
ties including eco-geographical surveys,
monitoring of important habitats, etc. These
costs are included in the financial requirements
for research.

Supporting Activities. Coordination and stimu-
lation of the international system (FAO, IBPGR,
networks, etc.) as well as an adequate intergov-
ernmental implementation structure of the kind
discussed below may require an additional
amount equal to 10 percent of the Fund.

Research. Rationalization and provision for
PGR conservation with an appropriate knowl-
edge base may require 17 percent of the Fund.

Training. Provision of enough skilled person-
nel to execute various activities on plant genetic
resources may require 4 percent of the Fund.

Public Education and Awareness. Generation
of public awareness of PGR and their import-
ance so that long-term conservation is secured
may require 8 percent of the Fund.

Capital Investments. Of the current holdings
approximately two million samples are stored in
long-term or medium-term storage facilities.

Hence, there is a need to build new gene banks
or expand present facilities for another two mil-
lion samples at $75 per sample. The total capital
expenditure required therefore is 6 percent of the
Fund.

'The suggested annual additional funding require-
ment of $300 million may seem a large sum. It is
an approximately four-fold increase in global
funding of PGR conservation over current levels.
Considering the present state of inadequacy of
the current system, that would not seem exces-
sive. The total annual global seed value at mar-
ket prices was estimated to be $50 billion in the
mid-1980s. Of this, $18 billion was from farmer-
saved seed, the public sector contributed $17
billion, and the private sector $15 billion. Assum-
ing that these figures are realistic, $300 million
represents no more than 0.6 percent of that total
value. If estimated in terms of global agricultural
output, $300 million represents less than 0.002
percent.

An organizational structure is required to man-
age the fund. Specific recommendations are
made in the section on Institutional Structures
and Implementation Mechanisms. However, it
should be clear that in addition, strong technical
support is needed to: develop strategies and ac-
tion programmes; coordinate activities within re-
gions in all aspects of collection management
and utilization; provide training; assist in institu-
tion building; stimulate community involvement;
and so on. Many of these activities are presently
carried out on a limited scale by the IBPGR. An
expanded and institutionally reorganized IBPGR
and appropriate regional and national gene banks
might be considered for providing the necessary
institutional support. It should have the confi-
dence of the international PGR community and
at the same time be accepted in the political
arena. '

24
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- Perspectives:

‘Conservation: Tactics for a
Counstant Crisis

MicHAEL E. SOULE

species diversity appears to be declining at an accelerating rate

(). Even the Endangered Species Act of 1973 (ESA) has not
signifiantly slowed the deterioration of the nation’s biological
estate, although this is largely the result of lack of support from the
federal administradon. Currently there are over 4000 species and
subspecies recognized as candidates for endangered species status,
but the listing process administered by the U.S. Fish and Wildlife
Service is bogged down because of lack of funding. There are no
recovery plans for nearly half of the 600 or so species in the United
States that have been officially listed as threatened or endangered,
and the score or so of recovering species is balanced by an equal
number that may be extinct (2).

The situation is generally much worse in other nations. Biologists
with extensive experience in developing countries are saying that by
almost any quantitative standard conservation is failing, and that
current approaches to conservation, such as traditional parks and
reserves, are unlikely to succeed (3, 4). Worldwide, only about 3%
of the land is set aside in 5000 nature reserves or protected areas (5),
but many of these reserves are deteriorating (6). Because the moist
tropics are far richer in species diversity than other biogeographic
regions, and because deforestation will probably eliminate almost all
of the tropical forests outside of protected areas by 2100 (7),
biogeographers estimate that from 25 to 50% or more of tropical
species will vanish in the next century or sooner (Fig. 1) (8). Even
if humanity were to depart the earth, recovery of biotic diversity by
evolutionary mechanisms would require millions of years, depend-
ing on how decp, taxonomically, the extinction crisis cuts (9).

Such dire predictions are now leading to a reappraisal of conser-
vation’s goals and tactics. In this article, I conclude that this
reappraisal would be more fruitful if there were a deeper apprecia-
tion of the biological and social contexts of conservation actions,
particularly how both biogeography and political geography dictate
different conservation tactics in different situations. I also argue for an
actuarial approach to the viability of protected areas—one that con-
siders the social factors determining the half-life of nature reserves.

I S WILDLIFE CONSERVATION FAILING? IN THE UNITED STATES,

The Biospatial Hierarchy

Effective conservation is impossible without some knowledge of
biotic (biological) diversity (biodiversity). For most scientific pur-
poses, “life” is classified taxonomically, based on similarity and
presumed evolutionary relationship. For purposes of protection,
however, the living components of nature are usually classified in a
“biospatial” hierarchy of nested sets. In practice, there are about five
levels to this hierarchy: (i) whole systems at the landscape or eco-
systems levels, (ii) assemblages (associations and communities), (iii)

The author is professor of conservation biology, Board of Environmental Studies,
University of California, Santa Cruz, Santa Cruz, CA 95064.
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species, (iv) populations, and (v) genes (10). Place, not evolutionary
relationship, is the basis for the biospatal hierarchy, because most
conservation strategies are geographically anchored (11, 12).

The targets at the top of the biospatial hierarchy are ecosystems
(or landscapes and seascapes making up interacting ecosystems),
including such topographic features as entire drainages. A frequently
cited example is the Yellowstone National Park region, including the
adjacent Grand Teton National Park and other federally managed
lands. Ideally, ecosystem conservation protects the contained biotic
communities: habitats, species, populations, and genes, not to
mention all ecological interactions, processes, and some of the
traditional, human cultural practices that have been historically
associated with the ecosystem. '

At the second level, an arbitrary number of biotic assemblages can
be defined within ecosystems, although the species themselves show
little correlation in their distributions when climate changes (13).
Nevertheless, state, federal, and international conservation programs
often base their conservation strategies on the completion of the
network of biotic community types—the so-called coarse-filter
approach. The discovery of “gaps” in the network of assemblages is
most often based on systems of biogeographic classification (12, 14).

The third biospatial level, species, is defined as groups of popu-
lations that routinely exchange genes or are phenotypically similar
(15). The selection of protected areas is frequently based on the
presence of one or more endangered species, often large-bodied or
attractive ones. In addition, regions with high species diversity, such
as tropical forests, coral reefs, or regions with large proportions of
local endemic species, such as isolated mountain ranges or oceanic
islands, are frequently idendfied as targets of conservation. Another
reason for focusing on species is that the management of protected
areas is often facilitated by attending to a relatively small number of
so-~called keystone or indicator species; these species may not be
endangered themselves, but they are used to monitor the status of a
much larger assemblage of species (16-18).

Next is populations. Populations, whether mobile or sedentary,
are dynamic assemblages of individuals which maintain genetic and
sometimes social information in lineages that may ramify and merge
as individuals are born, reproduce, and die. Endangered popula-
tions, and those of species that mediate important ecological pro-
cesses, are often targets of conservation, so that their viability is a
major concern (18, 19). Theoretical treatments of population via-
bility are influencing public ‘policy, such as the debate over the
spotted owl in the Pacific Northwest (20).

At the small end of the biospatial hierarchy of conservation targets
are genes. Genes are sometimes conserved ex situ (21, 22) as seed
collections, in tissue culture or germplasm collections, or as cryo-
preserved semen, ova, embryos, and tissues. The extraction of genes
from nature annually produces multibillion dollar benefits for
agriculture, biotechnology, and public health (23). In nature, genetic

Fig. 1. The expected in-
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variatior: maintains the fitness and evolutionary flexibility of natural
populations (16). Reserves in seminatural areas have been set aside
to preserie the wild relatives of commercially important plants,
especially to protect genes and gene combinations providing resis-
tance to pests, drought, and other climatic factors (24).

The Six Classes of Interference and the
Noxjth-South Distinction ‘

The fivelevels of the biospatial hierarchy—are being undermined
by six major classes of human interference (25), as shown in Fig. 2.
These six factors are (i) the loss of habitat; (ii) the fragmentation of
habitat-producing deleterious area, edge, demographic, and genetic
effects; (iii) overexploitation; (iv) the spread of exotic (introduced
and alien) species and diseases; (V) air, soil, and water pollution; and
(vi) climate change. These factors have all been discussed in greit
detail (16, 19, 22, 26, 27). The intensities of shading in the two parts
of Fig. 2 are subjective, but suggest that the present and future
hazards posed by the six factors are not equal in strength or
concordantin rank across the range of conservation targets, or from
economically poorer to economically richer nations.

Clearly the impact of a given factor depends on the time, the
place, and the circumstances. As indicated in Fig. 2, economics,
culture, as well as the temperate-tropical disparity in species diversity
and other biogeographic patterns, explain the differences in biotic
vulnerability between tropical, poor countries, and temperate,
wealthier ones. The vastly greater number of species in the tropical

Poorer countries
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Fig. 2. Relative impacts of factors affecting terrestrial biotic diversity in (A)
poor and (B) rich countries. Shading indicates intensity of impact: solid =
highest; thick lines = intermediate; thin lines = lowest. Ecosystems refers to
landscape level formations including, for example, mangrove habitats, coral
reefs, riverine/riparian systems, forests, and savannas. The distribution of
impacts on aquatic and marine systems differs somewhat from those shown
‘here.
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nations, the much smaller geographic ranges of tropical species on
average (28), in addition to the high rates of habitat destruction'in

most of these countries, means that species in the tropics are
particularly vulnerable to habitat loss-and ﬁagmcntation.-Similarly,
not all parts of the planet will be equally susceptible to the impacts
of acid rain, ozone thinning, or greenhouse warming; for example,
the effects of greenhouse warming will be much greater at high than
low latitudes, except, perhaps, for marine systems (29). Other aspects
of biogeography are relevant to geographic heterogeneity in biotc
vulnerability; on oceanic islands, for example, inroduced predators
are typically more damaging than on continents (16, 25, 30), and
introduced animals (goats, pigs, rats, mongooses, snakes, and preda-
tory snails for instance) and plants may have catastrophic effects 3.

Although it is difficult to generalize, one can point to some rough
principles about the global vulnerability of terrestrial biodiversity
(32). Habitat loss, fragmentation, and the direct and indirect effects
of exotic species are problems everywhere (Fig. 2A), but overhar-
vesting of economically important species is now of greater concern
in poorer countries. Pollution and climate pose major threats in the
temperate zone nations (Fig. 2B). As discussed below, north-south
differences in socioeconomic variables and biogeography mean that
conservation tactics must be tailored to the location.

The Seven Sources of Biotic Degradation

The six classes of interference may constitute the most obvious
proximal causes of biotic attrition, but the more fundamental causes
are rooted in the contemporary human condition, especially as they
are amplified by the explosive growth in human numbers in the last
three centuries (Fig. 1). These more fundamental causes are listed in
Table 1. The following brief descriptions of these factors are neither
systematic nor exhaustive, but even this superficial treatment dem-
onstrates why simple approaches (such as a network of protected
areas alone) will fail. )

Population growth. The continuous increase in human numbers
exacerbates nearly every other environmental problem (33, 34). The
population reached 1 billion about 1800, and appears to be headed
toward 10 billion by 2046 and 12 billion by 2100, according to
recent World Bank and United Nations projections. Ecologists
argue that such numbers are incompatible with many ecological and
evolutionary processes, including the persistence of large predators,
the continuation of annual migrations of birds (35), speciation in
large organisms (36), and the protection and maintenance of native
biotas ia the face of increasing pressure from human beings and

Table 1. Categories of fundamental human factors that contribute to the
erosion of biological diversity.

Factor Example of impact on conservation

Population growth Population pressures

Poverty Hunger, deforestation, trade in rare and
endangered species, failure of grass roots
support

Misperception Desire for quick results and denial of
long-term failures

Anthropocentrism Lack of support for nonutilitarian causes

Cultural transitions Unsustainable resource management
during colonization and rapid social
change

Economics Failure of planning because of

internationalization of markets and
erratic pricing of commodities
Cuvil disruption, wars, corruption, failure

Policy implementation
of law enforcement
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introdued species. For nonhuman species, this “demographic win-
ter” will last until human beings decide to reduce their numbers to
levels compatible with the restoration of pre-explosion biotic pro-
cesses (37). Human populations are already declining in many
industridized countries. ’
Poverty. The problem is not merely the shear magnitude of human
numbers, however; it is compounded by poverty, the aspirations of
people the world over for a better quality of life, and by social and
litical forces that impede the smooth transition to minimum (let
alone “optimal”) levels of prosperity, health, and justice (38). Dispar-
ities in income produce disparities of impacts. Thie per capita contri-
bution to atmospheric pollution (and, hence, global climate change) is
often orders of magnitude higher for citizens of the industrialized
countries than for those in poorer nations (34), and econqmic
pressures from the former contribute to unsustainable land use
practices in the latter. Habitat destruction and extinction, however,
will occur most rapidly in the wopics (Fig. 2A), where lack of
cconomic opportunity, demographic momentum, and restrictions on
reproductive choice are the engines that power the destruction of life.
It is probable that the price of raising human economic welfare to
a standard similar to that in the wealthier countries will be biotic
devastadon in the tropics on a scale inconsistent with the persistence
of wildlands except, perhaps, in remote, nonarable regions (39).
Ehrlich and Wilson (40) point out that the magnitude of human
aspirations, including demands on natural resources, if multiplied by
the expected increases in human numbers, would require the human
co-option of most remaining wildlands for grazing, farming, energy
production, mining, transportation, and other uses. Therefore, the
loss of most tropical wildlands in the next 50 years or so, an epochal
catastrophe for carthly life, appears a virtual inevitability.
Misperception and time scale. Gradual environmental degradation
goes almost unnoticed (41), whereas governments often overreact to
sudden events of lesser overall impact. This short-term mentality is
also reflected in current social mores and public policies favoring
quick profits and results. The problem is that the benefits of
conservation projects can only be measured on a scale of centuries.
This difference in time scales between economic development
projects and some conservation projects leads to conflicts because
the business of conservation is keeping options open, whereas
business as usual (economic development) often forecloses them.
Anthropocentrism. Many conservationists argue that current cul-
tural values are antithetical to effective conservation policies, and
that a new cthic or a revolutionary change in human consciousness
is necessary before significant progress is possible (42). Ther¢ are
many calls for less human-centered, more biocentric economic
policies. The anthropocentric orientation of most societies (43)
however, augurs poorly for behavioral revolutions. If charitable
donations reflect how Americans rank society’s needs, it is evident
that humanitarian concerns are dominant; money flows primarily to
religious organizations and to medical, cultural, and social welfare
causes, Figure 3 shows that only 1.5% of donated monies go to
support environmental (nonhuman) groups and causes. This per-
centage is likely to increase, though, as donors learn about the
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environmental foundations of physical and social welfare,

Mindful of biases favoring our own species, nearly every book,
report, or “strategy” written to promote or guide the conservation
of biodiversity presents a list of utilitarian justifications, including
the free services and amenities provided by nature (for example,
water purification and storage, habitat for fish and livestock, vistas),
and the promise of life-extending pharmaceuticals and agro-indus-
trial products that are yet undiscovered in the tissues of organisms
(23). Unfortunately, the political effectiveness of narrowly utilitarian
arguments for large protected areas in the tropics and elsewhere is
weak, in part because the promise of long-term economic and health
benefits to society-as a whole appears abstract to individuals and
corporations more concerned with survival and short-term econom-
ic gains.

Cultural transitions. The most destructive cultures, environmental-
ly, appear to be those that are colonizing uninhabited territory and
those that are in a stage of rapid cultural (often technological)
transition (44). The cultural groups that appear to be the least

* destructive to natural systems are those that have been occupying the

same place for centuries or more (45). Overharvesting of wild
animals, of aquatic and marine organisms, and of forests, is predict-
able, therefore, when human groups (i) have little or no experience
in their current geographic setting or (ii) are undergoing integration
into the world economy. Wealthy, well-educated, industrialized
cultures may have the potential for minimizing eavironmental
damage, but show little promise of this at present. Because most of
the world’s people are not only poor, but in a transitional phase
between traditional agrarian self-sufficiency and a modern, high-
input agricultural or industrial-urban society, relatively little value is
placed on the protection of nature, and even where nature is highly
valued, such valuation is often left out of economic calculus.
Economics. Environmental destruction and the erosion of biolog-
ical diversity in the tropics and elsewhere is exacerbated by systems
of commerce that create demands from the industrialized north for -
products, the production of which causes massive habitat destruc-
tion (46). The “cool chain” industry, for example, produces fresh
produce such as fruit, vegetables, cut flowers, and mariculture
produce (such as, shrimp) in the poorer countries and ships them in
refrigerated carriers to the richer countries (47). This new industry
contributes to the destruction of many habitats including lowland
forests, mangrove, estuarine, and reef habitats. Better known are the
coffee, sugar cane, banana, cacao, forest products, and cattle indus-
tries that account for the loss of a large proportion of tropical forests
in developing countries (23, 48). In addition, a major contributor to
forest and woodland destruction is the cutting of trees for the
production of fuel wood and charcoal for domestc cooking and
heating uses. Before the international price-fixing agreements among
petroleum  producers, most people in developing countries could
afford to cook with kerosene. Now they must rely on wood, charcoal,
and dung, contributing to the deterioration of forests and soils (49).
Notwithstanding the grave moral, social, and geopolitical impli-
cations of current economic disparities, the redress of such imbal-
ances is unlikely to occur in time to save most seminatural biological
systems from massive attrition. Few would question the goals of
economic and social justice or their fashionable surrogate, sustain-
able development, but the premise that a new economic order
would, alone, solve the biodiversity crisis (50) is suspect. The North
American, let alone the Costa Rican experience (4), suggests that
sacial justice and other progressive changes cannot protect biolog-
ical diversity in the face of rapidly changing economic conditions
including the internationalizaton of markets, increasing human
numbers, the loss of cultural and ecological traditons, not to
mention ethnic and religious conflicts. Even wealthy countries such
as the United States and Canada justify the removal of the last
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remnant of andent forests on the. grounds of economic necessity;
attemptsto save that remaining 15% of original forests in the Pacific
Northwret have yet to prove successful (18). In addition, corruption
and bur<wucratic inefficiency appear to be virtually indelible.

Policy inplementation. There are many reasons for the inability of
modern sates to enforce laws and implement conservation policies,
especially policies that require short-term sacrifices for the sake of
long-termn benefits. For example, the setting aside and long-term
protection of land from the national estate is improbable in societies
with maxy poor or landless people, powerful -oligarchies, or cor-
ruptible judges and bureaucrats. »

In courtries where adequate resources are lacking for the protec-
tion and management of protected areas, even relatively secure
reserves ate subject to the removal of trees and to the poachirg of
game. Mot poor nations simply lack the resources to preserve biotic
diversity in situ (57). Such aurition is frequent during “normal”
times (52), but during periods of social unrest, the loss of biodiver-
sity can be catastrophic (53).

Many canservation and development projects are destined to fail
in a statistical sense, given their unstable social or political contexts.
Wars and the breakdown: of civil administration can undermine
decades of successful policy implementation. In Africa, recent wars
in Ethiopia, Sudan, Liberia, Libya, Morocco, Somalia, South Africa,
Zimbabwe, Uganda, Chad, Angola, Mozambique, Rwanda, Bu-
rundi, and other countries have led to the partial or complete
collapse of nature reserves, the destruction of habitat, and the local
extinction of endangered species (53). The frequency of events such
as wars should be built into the planning processes of responsible
agencies and organizations. This is not to say that we should
abandon reserves in regions where civil chaos is frequent. Rather,
expectationsand policies must be tuned to appropriate distribution-
al parameters—for example, to the mean and variance of persistence
times of protected areas in similar situations and to the kinds of
damage that protected areas are likely to suffer, including the killing
of most large animals. The lower the mean and the higher the
variance, the greater the emphasis there must be on redundancy, on
alternative approaches, and on backup, ex situ projects. It would be
prudent, in other words, to think of nature reserves as ephemeral
islands, and to plan accordingly.

The human condition is dynamic and unpredictable and will
remain so for at least a century, if for no other reasons than the
momentum of the population explosion and the unsatisfactory
economic and social status for billions of people during the 21st

Table 2. The relative potential significance of cighe different conservation
systems for the protection and maintenance of natural biclogical diversity.
The “0” indicates little or no role; “X, XX, and XXX indicate low, moderare,

century. The “biotic condition,” therefore, will also be tenuous
during this interval, Fortunately, conservationists have anmcxmsmg
number of tools with which to deal with the crisis.

Tactics and Conflicts

The eight paths to biotic survival. What tools are available to protect
living nature from humanity? Table 2 presents a brief survey of eight
conservation tactics or systems (5 )- The tactics are defined rou%*ly in

- order of least to most artificial or intrusive,

1) Insitu refers to those conservation systems based on bounded wild
areas with relatively litde human disturbance; it includes most protected
areas, from wilderness parks to the core arcas of biosphere reserves (54).
Persistence may depend to some extent on the economic benefits, as
generated, for example, by tourism, but protected areas tend to degrade,
cvcnindlcbestofdrtumsmnccs,andfcw,ifanyarclargecnoughto
maintain viable populations of large predators and omnivores withour ex
situ supplementation (16, 19, 26, 55).

2) Inter situ refers to conservation systems or activities in regions
where native species still persist, but which are outside the bound-
aries of established protected arcas. Most of the lands belonging to
this category are nonarable; typically, they are relatively infertile,
cold, steep, rocky, or arid. In the United States, most such regions
are administered by the Bureau of Land Management and the U.S.
Forest Service.

3) Extractive reserves permit certain kinds of resource harvesti
on a (theoretically) sustainable basis, Examples include rubber
tapping, the collection of edible fruits and nuts, thatch grasses, and,
pethaps, even limited logging and hunting. Sustainability of such
practices, however, depends on a low population density, a stable
cconomy, and careful management (56). In practice there may be
lietle difference between extractive reserves and inter situ projects,
cxcept that the latter are more circumscribed. :

4) Ecological restoration projects refers to intensive management
activities intended to increase species richness or productivity in
degraded habitats. Among the necessary conditions for such activi-
ties are political and institutional stability.

5) Zoopdﬁardi:xstofad]iﬁminscaxrclomﬁonswhcmambcoﬂoal
tions—in other words, sanctuaries for sensitive species of diverse prov-
enance (57). The assumptions underlying the establishment of such
rcscrvcsamdlatpmmdams,inmanyplaow,amnotviablcforsodal

and high significance, respectively. The order of the systems does not imply
a ranking of value.

Conservation system
Targers of conservation Extractive  Restoration tems Livi S ded
: . Agrocecosys ving uspen
In situ Inter situ reserves projects Zooparks & agroforestry ex situ €x situ
Entire systems (ecosystems) _
Processes or functions XXX XX XX XX XX X 0 0
Biosocial (traditional human uses) X XX XXX XX X X 0 0
Biogeographic assemblages XXX XX XX X XX 0 0 0
Indigenous and endemic species XXX XX XX X XX X b.0.¢ - X
Local populations of species D.0.¢.¢ XX XX X XX X X X
Genetic variation within species ;
Wild relatives of domesticates XXX XX XX X X X XXX XX
Traditional domesticated varieties X X X 0 X XX X XXX
Noneconomic generic variation XXX XX XX X X 0 X X
Ownership Public &  Private & Public & Private & Private Private Private & Private &
private public private public public public
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or political reasons and the inevitability of highly recombined biotic
commurities in the future given current rates of spedies introductions
(58). This category differs from in situ reserves because of the conscious
introducions of target species. '

6) Agroecosystems and agroforestry projects are highly managed,
production-oriented systems with a wide range of dependence on
artificial chemical and energy inputs (59). The number of native
spccics that can survive in such systems is highly variable, depending
mostly on the proximity of garden, farm, and plantation to wild-
lands, the use of artificial chemical inputs, and the tolerance of
farmers to wildlife (60).

In addition to zooparks, there are two kinds of ex situ tactics or
backup systems (14). These are essential where particular reserves
are likely to fail or lose significant numbers of their species.

7) Living ex situ programs refers to botanical gardens, zoos,
aquaria, and similar institutions that maintain and propagate living
organisms for noncommercial (education, research, conservation)
purposes in a highly controlled, usually urban, context.

8) Suspended ex situ programs are completely artificial; living material
is metabolically slowed or arrested. Among these projects are germplasm
storagcfadﬁdmsudlasmdbanks,ﬁssucmlmrccoﬂecﬁons,and
aryopreserved collections of gametes, zygotes, and embryos.

As shown in Table 2, this typology of tactics manifests a current
trend—the privatization of conservation. For many reasons, non-
profit groups and individuals increasingly are complementing if not
supplanting government agencies in protecting biodiversity. Private
zoos, botanical gardens, and others are taking responsibility for the
captive propagation of endangered species. Responsibility for the
. restoration of degraded forest, pastures, and farmlands on both
public and private lands is being assumed by private groups.
Organizations like The Nature Conservancy and Conservation
International are acquiring new sites for protected areas (61),
though governments are usually the ultimate owners.

Social Context and the Debate over Tactics

Current discussions have tended to oversimplify the diversity in
conservation approaches by exaggerating the differences between

the so-called species approaches and ecosystem approaches. The -

former emphasizes the protection, both in situ and ex situ, of
endangered, often charismatic vertebrates, whereas the objective of
the latter is to set aside and manage natural areas based on systems
of landscape classification that will capture as much species and
ecological diversity as possible (62). Critics of species-level ap-
proaches have emphasized the shortcomings of the Endangered
Species Act and point out that most of the federal dollars are
directed at a few birds and mammals (62). Some of these critics

Fig. 5. Prescriptive dis-
tribution of conservation
tactics based on the
probability of increasing
population pressure and
the likelihood of political
instability or violent
conflicts. Backup, ex situ
facilities are placed in rel-
atively secure, politically
stable locations.
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argue that success in captive breeding and cryopreservation will lead
to complacency about the need for more and better protected areas.
Supporters of endangered species might counter that if it were not
for the charismatic species, the public appeal of conservation would
be much less, that endangered species justify many of the larger
protected areas in the United States and elsewhere, and that
endangered species legislation is providing the economic leverage to
bring developers and government agencies into negotiations about
the preservation of large areas of habitat for general biodiversity
conservation in the United States (63).

Such adversarial discussions, however, often ignore social context.
As shown in Fig. 4, conservation tactics can be ranked according to
the degree each is integrated into the local human community and
the degree that each is dependent on artificial (technological) means
and invasive management practices. Implicit is idea that different
tactics require different degrees of social and technical sophistication.

A more prescriptive classification is shown in Fig. 5. It distributes
the tactics in a plane of human population pressure and political
stability. It is based on the untested assertion that the persistence of
conservation projects, particularly protected areas, is related to the
frequency and degree of political unrest and the rate of population
growth. The combination of the two figures suggests that the choice
of tactics should be influenced by the probable impact of demo-
graphic, economic, and social conditions as discussed above. For
example, ex situ tactics are prescribed where political instability is
frequent and where population pressure is building.

Much of the debate in the United States over approach and tactics
stems from uncertainty and bias about landscape and geography, the
importance of socioeconomic conditions and the stability of political
structures, confidence in new legisladve and legal remedies, and the
identity of target organisms. For example, conservationists with
experience in the species-rich tropics—where infrastructure is fragile
at best, episodes of sodial chaos inevitable, human populations are
doubling every few decades, laws are ignored, and hunting of rare
animals and deforestation are a way of subsisting—should support a
pluralistic approach that includes ex situ backup for protected areas.
On the other hand, those with experience in wealthy, stable,
temperate zone regions—where most species have wide geographic
ranges and where there exists extensive areas of low productivity,

-government-owned lands—are more likely to promote systems of

protected areas linked by corridors in multiple use zones that can be
managed for conservation and sustainable forms of exploitation
(64). They will also have more faith in legislative remedies and law
enforcement. Figure 5 illustrates this tactical pluralism.

Conclusions

Today, the conservation of biodiversity is virtually equivalent to
the ex situ protection of wildlands. In the future, however, such
reserves will come to be seen actuarially, their life times dependent












