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Module 1. 
Species conservation strategies
Introductory notes for teachers 

David Boshier, Department of Plant Sciences, University of Oxford

Background

Deforestation and forest degradation due to human activities have led to dramatic 
reductions in forest area with survival consequences for both individual tree 
species and the vast array of biodiversity associated with forest ecosystems. As 
a consequence, specific conservation actions and the associated development 
of species conservation strategies are required to ensure the survival of many 
individual tree species, just as for more well known threatened animal species. 
As part of such actions, conservation of genetic diversity is essential for a variety 
of reasons, e.g. adaptation of populations to changing environments, direct 
use of genetic resources, and viability of populations in the short term which 
impacts on production and viability of seed. Conservation goals for genetic 
diversity therefore include maintenance of variation affecting fitness of trees, and 
providing for ongoing processes such as gene flow and natural selection, while 
minimizing genetic drift. 

Forest trees raise key issues for genetic conservation given their extreme life 
history characteristics (e.g. long-lived, late reproductive age, greater opportunity 
for accumulation of mutations, and a range of mating and dispersal systems). 
Long life-cycles produce overlapping generations, which in turn reduce effective 
population sizes, and imply greater minimal area requirements for conservation. 
Trees generally carry a heavy genetic load of deleterious recessive alleles, so 
that inbreeding, in particular selfing, may lead to reduced fertility (hence poorer 
regeneration), slower growth rates in progeny, limited environmental tolerance 
and increased susceptibility to pests or diseases. Reducing the possibility or 
impact of inbreeding and maintaining genetic diversity in trees is important, and 
may be critical to seed collections that are used in tree breeding and ex situ 
conservation.

By its very nature, biodiversity is multi-faceted (e.g. ecosystems, species, 
populations). Yet even though most natural resource planners probably recognise 
genetic diversity as an essential component of the stability, adaptability and 
conservation of both ecosystems and species, this tends not to be to be explicitly 
expressed in planning processes. Often because genetic diversity is cryptic, 
its possible importance is ignored, which may, in the long term, compromise 
species conservation and use. So, given resource limitations, genetic criteria 
will generally form only a minor component of an overall conservation or 
management strategy, if considered at all. In many cases, ecological, social 
or economic considerations may define a conservation strategy (e.g. selection 
of an area for large mammals). The challenge for foresters, conservationists 
and geneticists alike, if both short- and long-term goals of effective resource 
management and maintenance of evolutionary adaptability are to be achieved, 
is to establish the circumstances under which genetic considerations may limit 
achievement of the overall objectives of a particular conservation programme. In 
this way, specific provisions may be made for the conservation of forest genetic 
resources.

Classically, conservation of forest genetic resources, in contrast to crop genetic 
resources, has focused on in situ approaches (e.g. national parks and forest 
reserves). Although such conservation areas are common, few have been 
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established according to genetic principles. Their selection is usually at an 
ecosystem level, with design and management influenced by political, social and 
economic constraints. Their location, often in hilly regions or sites of lower fertility, 
biases their composition and limits their value for genetic resource conservation. 
The large areas needed to maintain adequate effective population sizes of some 
tree taxa, coupled with deforestation and the impracticality of managing exclusively 
for conservation goals, also limit prospects for in situ conservation on an adequate 
scale. Given past human impacts on forests and forest genetic resources, and 
current pressures on forests and trees, in some circumstances strategies that 
are realised within production systems may be the only alternative to classical 
in situ conservation of forest genetic resources. Ex situ conservation is confined 
to a relatively small number of mainly commercial tree species, due to resource 
limitations, seed storage problems and the need for periodic regeneration, and the 
deficiencies of ex situ populations as conservation gene pools.

Given the inadequacy of resources to support conservation in general, 
incorporation of genetic conservation criteria into forest and farm management 
practices will offer, in many cases, the best prospects for achieving conservation 
goals. Successful realisation of genetic conservation objectives depends 
on designing regimes which achieve a locally appropriate balance between 
conservation and income generation. More effective inter-agency cooperation 
would also foster more effective conservation of forest genetic resources. The 
challenge for multilateral agencies with resources to support in situ conservation 
will be to empower and sustain local communities and agencies in support of 
genetic conservation objectives through truly collaborative programmes. 

Introduction to Module 1 Case studies

This Module allows students to consider the use of genetic information in 
the development of conservation strategies for individual species of varying 
genetic characteristics in different types of landscapes. The three case studies 
in this Module aim to address the overall question: how to develop a genetic 
conservation strategy for a species where most required information is available? 
The Module explores forest genetic resources aspects such as:

• Conservation paradigms - in situ, ex situ, through use (circa situm)
• Biological corridors
• Genetic processes associated with small populations - which populations 

are too small?
• Identifying threats - genetic and others

Case study 1.1 Leucaena salvadorensis: genetic variation and conservation.  This 
case study presents information from multi-disciplinary research (ecological, 
genetic, socio-economic) on a little-known species that is endemic to Central 
America, but now found mostly on farmers’ land. Students use the information 
to devise a conservation strategy for this threatened species on a country basis 
(either El Salvador, Honduras or Nicaragua), or from the global perspective of 
an international organization that supports conservation. This requires taking 
account of the patterns of genetic variation in the species, the forestry and 
socio-economic contexts of the different countries, and the combination of in 
situ, ex situ or other conservation measures. Suits 2-4 groups of 4-5 students 
per group. Each group devises a strategy for a different country and one works 
as an international conservation organization.

Case study 1.2 Shorea lumutensis: genetic variation and conservation. This case 
study presents information on a critically endangered dipterocarp tree that is 
endemic to peninsular Malaysia. The species is now restricted to small reserves 
and the study allows a focus on the vulnerability of small populations to natural 
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catastrophes, demographic and environmental stochasticity (chance events), 
human activities and loss of genetic diversity by drift and inbreeding. Students 
use the information to devise a conservation strategy for this species, taking 
into account its patterns of genetic variation, the forestry and socio-economic 
contexts, to decide on in situ and ex situ conservation measures. Suits 1-3 
groups of 4-5 students per group, with each group developing its own strategy.

Case Study 1.3 Talbotiella gentii: genetic variation and conservation. This 
case study presents information on a critically endangered tree species with 
a narrow distribution in eastern Ghana. The species is now restricted to small 
forest reserves and farmers’ land and, despite being given the highest status 
for conservation in Ghana, is seriously threatened with extinction from fire, 
harvesting for firewood and charcoal, and farming. The study allows a focus 
on the vulnerability of small populations to human activities, demographic and 
environmental stochasticity and loss of genetic diversity by drift and inbreeding. 
Students use the information to devise a conservation strategy for this threatened 
species taking into account both its patterns of genetic variation and the forestry 
and the socio-economic contexts of Ghana to decide on in situ, ex situ, or other 
conservation measures. Suits 1-3 groups of 4-5 students per group, with each 
group developing its own strategy.

How to use the case studies

The case studies are designed for use as class exercises on devising 
conservation strategies for specific tree species, where a lot of information is 
available. Teachers can use one or more of the three case studies, depending 
on geographic interest, particular conservation issues, class size and availability 
of time. Although the case studies are tropical, extensive testing shows they are 
suitable for students from tropical and non-tropical countries alike. If class sizes 
are larger than the numbers indicated, it is better to use a number of different 
case studies from the same module, rather than increasing the size of each 
group. If groups are larger than six, some students tend to not contribute to the 
discussion and work of their group. 

Each case study consists of:

• The Case Study - introduces the exercise to be assigned to the students and 
presents information from research on the species concerned.

• Teacher’s notes - give extensive tips on how to prepare and run the exercise 
and discuss the main learning points that students should be able to derive 
from the case study.

• Additional background information - can be used to introduce the case 
study to the students. It includes video and PowerPoint presentations.

• Reference materials - includes PDF files of key publications relevant to the 
case study.

The exercises work best if students work in groups of 4-5 (no more than 6 per 
group). It is best if the students have already read the case study before they 
start the exercise. This way valuable class time is not lost with students reading 
the paper during the class. So give the case study out in a previous class with 
instructions to read it before the next class. It perhaps goes without saying that 
it is vital that the teacher and any assistants are fully familiar with the whole text. 
Each exercise lasts approximately 3 hours, broken down as follows: 

• Introduction: use the video and/or PowerPoint - approx. 30 minutes.
• Group work: students discuss the case study amongst themselves, 

responding to the specific points and developing their strategy. The teacher 
should be around to answer any queries the groups have. However it is 
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not essential that all of the time is spent with the whole class together with 
the teacher. Once the teacher and groups are happy they understand the 
assignment and issues, they could meet, discuss and prepare the strategy 
outside of class time - 1.5 hours.

• Presentations: each group presents its strategy verbally to the class 
(supported by main points written on large paper or in a PowerPoint 
presentation) - 10 minutes per presentation with 5 minutes after each 
presentation for questions or comments by the rest of the class and the teacher.

• Final discussion: led by the teacher allowing them to make general comments 
about what was good, what was missed, etc. - 10 minutes.

Checklist for the development of species 
conservation strategies

The checklist at the end of this document covers the main topics (and specific 
questions relating to those topics) that need to be considered when formulating 
a conservation strategy. By addressing these, students should be able to 
consider and interpret the key features of the species’ possible genetic structure 
and reproductive biology, the human threats and opportunities for conservation, 
given the biology and uses of the species.

The checklist can be used in an exercise where students develop a conservation 
strategy for a species of their own choice and for which information may be very 
incomplete. Students have to search for information on their chosen species 
(e.g. in libraries, on the internet, personal communication). Development of 
strategies can be a group exercise with presentations to the class, or individual 
assignments (presented as a written assignment, or as a PowerPoint or poster-
supported talk). Examples of conservation strategies developed from such 
classroom exercises are included in the support material. This exercise takes 
longer to carry out and is ideal for individual student assignments (e.g.  for an 
assessed piece of written work). It does however require easy access to adequate 
information sources, such as a good library or a quick internet connection.

Key background publications

Development of species conservation plans for threatened 
species
The following documents can be found on the accompanying DVD, or at the Forest 
Genetic Resources Training Guide webpage at www.bioversityinternational.org. 
They give more background to the issues raised in this module and can be used 
by the teacher to strengthen their knowledge and help give ideas about the 
topics. NB: the three Forest Genetic Resources Conservation and Management 
volumes: volume 2 (FAO et al. 2001); volume 1 (FAO et al. 2004a); volume 3 (FAO 
et al. 2004b); have examples from both tropical and temperate ecosystems. The 
Finkeldy (2005) book is of more direct relevance to tropical contexts, whereas 
the Geburek and Turok (2005) book is of more direct relevance to the temperate 
and, in particular, the European context.

Short species case studies 
• Eucalyptus benthamii - FAO et al. (2004a) pp.16-18.
• Baikiaea plurijuga - FAO et al (2004a) p.30, FAO et al. (2001) pp.55- 56.

Species conservation strategies themes
• In situ planning - FAO et al (2004a) pp. 28-36; Finkeldy (2005) pp. 183-188; 

Geburek & Turok (2005) pp 535-547.
• Where is the species? How many populations? Which ones? How large? 

What information is needed? - FAO et al (2004a) pp.37-47, FAO et al (2004b) 

http://www.bioversityinternational.org
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pp.9-16; Finkeldy (2005) pp. 185-187; Geburek & Turok (2005) pp 548-553.
• Participatory approach - FAO et al (2004a) pp.54-57, 70-71.
• Assumptions/misconceptions about local communities - FAO et al (2004a) 

pp.58-60.
• Selection and management of in situ gene conservation areas for target 

species - FAO et al. (2001) pp. 5-12, 67-68; Finkeldy (2005) pp. 188; Geburek 
& Turok (2005) pp. 541-562.

• Reserves for specific species - FAO et al. (2001) p. 56. Geburek & Turok 
(2005) pp.517-518.

• Increased role for conservation of target species in existing reserves - FAO 
et al. (2001) pp. 58-65; Finkeldy (2005) pp 188; Geburek & Turok (2005 pp. 
514-520.

• Harmonise human needs and in situ conservation - FAO et al. (2001) p. 57; 
Geburek & Turok (2005) pp. 507-508, 523.

• Ex situ planning - FAO et al (2004b) pp. 3-7; Finkeldy (2005) pp.189-193.
• Selection and management of ex situ gene conservation areas for target 

species - FAO et al (2004b) pp. 31-45; Finkeldy (2005) pp. 189-190; Geburek 
& Turok (2005) pp.567-580. 

• Glossary of genetics terms - FAO et al (2004a) pp.103-106, FAO et al (2001) 
pp.87-90, FAO et al (2004b) pp.83-86.

FAO, DFSC, IPGRI. 2001. Forest genetic resources conservation and 
management. Vol. 2: In managed natural forests and protected areas (in 
situ). International Plant Genetic Resources Institute, Rome, Italy.

FAO, FLD, IPGRI. 2004a. Forest genetic resources conservation and 
management. Vol. 1: Overview, concepts and some systematic approaches. 
International Plant Genetic Resources Institute, Rome, Italy.

FAO, FLD, IPGRI. 2004b. Forest genetic resources conservation and 
management. Vol. 3: In plantations and genebanks (ex situ). International 
Plant Genetic Resources Institute, Rome, Italy.

Finkeldey R. 2005. An Introduction to Tropical Forest Genetics. Institute 
of Forest Genetics and Forest Tree Breeding, Georg-August-University 
Göttingen, Germany. 

Geburek T, Turok J. eds. 2005. Conservation and management of forest genetic 
resources in Europe. Arbora Publishers, Zvolen, Slovakia. 

IUCN/Species Survival Commission. 2008. Strategic planning for species 
conservation: an overview. Version 1.0. IUCN, Gland, Switzerland.  

Revised Recovery Plan Guidelines for Nationally Listed Threatened Species 
and Ecological Communities under the Commonwealth Environment 
Protection and Biodiversity Conservation Act 1999. Environment Australia, 
June 2002.
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Genetics checklist for species conservation 
strategies - student handout

David Boshier, Department of Plant Sciences, University of Oxford

This checklist covers the main topics (and specific questions relating to those 
topics) to be addressed when considering the formulation of a conservation 
strategy for a named tree species. Remember, information will be incomplete 
for many of these topics, and some are less important - so don’t panic! 
However, by addressing these it will allow you to consider and interpret the key 
features of the species’ possible genetic structure and reproductive biology, 
human threats, and opportunities for conservation, given the biology and uses of 
the species.

In your presentation or write-up you should address the following: 

• Summarize briefly what information exists and indicate where you might 
extrapolate from work on related species.

• What is the distribution of the species and size of remaining populations?
• What are the threats (genetic and others)? 
• What are the possibilities and limitations with respect to each of the main 

conservation approaches? Summarize in terms of ,  and .

Distribution and genetic variation

Distribution
• What was it and what is it now? 
• Is is widespread or narrow? Continuous or disjunct?
• Is there any evidence that any of the above are related to past geological or 

climatic history? Past glaciations and physical barriers (e.g. mountain ranges, 
large valleys) have often shaped species’ genetics drastically.

• What is the species’ climatic range and the rainfall, altitude and temperature 
where it occurs?

• What ecological factors are most likely to influence the species’ pattern of 
genetic diversity? Examples include the extent of salinity in arid regions, frost 
in mountain ranges, the water regime and length of any dry season. 

• Are there any unusual populations on particular soils or in special climatic 
conditions, e.g. beaches, salt marshes, frosts?

• What is the density of trees in forests and in disturbed ecosystems? 
• Are trees clumped, or are they regularly or randomly distributed?
• Has human disturbance shaped the distribution and if so, how?

Taxonomy
• Family.
• Any taxonomic confusion? Are there any closely related species?
• Any subspecies, varieties?

Tree characters
• Size.
• Any different tree types known? Any different fruit types known? Different tree 

or fruit types can indicate genetic variability.

Genetic variation
• Is there any information from provenance or progeny trials?
• Is there any information from genetic marker studies?
• Can any population be the focus for conservation as they are all similar or 
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is there a need to target a number of complementary populations to ensure 
coverage of differences? 

Pest and diseases
• Any known pest or disease problems?
• What level of damage is there from pests or diseases?

Reproductive biology

Breeding system
• What type of flowers does the tree have - hermaphrodite, male or female?
• Are trees hermaphrodite, male or female? Will this influence effective 

population size?
• Is there an incompatibility mechanism?
• Do flowers occur in inflorescences, flower heads (no flowers per head) or singly?

Phenology
• When do trees flower? Once or all year round? Every year? Do trees flower 

synchronously?
• Does every tree flower? Will this influence effective population size?
• How old and what size are trees before they flower? Can this limit 

regeneration?
• How much seed is produced per tree?
• When is seed produced? Is this production regular?
• Are there any limits to seed production such as pests? Do these limitations 

occur only in certain climates?
• How, and how far, is seed dispersed?

Pollination
• What is the pollination vector? Wind or animal?
• Is the species pollinated by a range of species or by specialist pollinators?
• What are the alternate food sources of pollinators and are these sources 

under threat?
• What size and colour are the flowers? Do they produce nectar and if so, what 

kind of smell do they have?
• How far do pollinators move?

Natural regeneration
• Is natural regeneration present and is it adequate?
• Are there any gaps at any stages of natural regeneration? Such as many 

seedlings establishing but failing to develop.

Human impacts and Issues

Uses and value
• What is the species used for? Timber, Non-timber forest products (NTFP), 

fodder or other?
• For whom is it currently useful and/or to whom is it of value and/or available?
• Do people prefer other species for the same use, if and when there is a 

choice?
• Are people planting it? Will people plant it?
• Which people are planting it?
• Will planting make it more widely available or useful?
• How is it grown? 

• plantations, agroforestry?
• planted by seed or vegetatively?
• preferred planting method is through ease/availability/choice?
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• Does its use result in over-exploitation?

Conservation status
• How many trees are there in how many populations? Are some populations 

small?
• How many trees were there in the past?
• What sort of populations remain and how representative are they of what was 

there before?
• What is the physical separation between populations and what was it in the 

past?
• Is the species threatened?
• What is the threat? Is it the same for all countries/populations?
• Is it currently retained in forest, on farms or planted?
• Who is retaining it, where and why? Is this likely to continue in the future? If 

not, what are the threats?
• Are there any threats owing to:

• possible replacement by other species or hybridization?
• lack of knowledge of uses?
• lack of value, economic or other?

 
Application and Information Dissemination
• Who needs to know more about the uses and management of the species?
• How will they find out? Is there any extension service?
• Is the same means appropriate for each group you need to impact? For 

example, farmers, NGOs, government? Are gender considerations of 
importance? 

• What does each group of people need to know to apply the strategy?
• Is the strategy going to involve much planting, stimulation of natural 

regeneration or conservation of already existing reserves? Will the knowledge 
base of the people and the form of strategy management need to vary 
depending on the type of strategy?

• How should the management strategies vary depending on the user group 
and/or uses?

• How will the activities of each group involved be integrated? What will be the 
process of feedback and monitoring?

• What funds are available to implement the strategy? Are they limiting? Adapt 
the strategy to available funds!

• Who needs to be convinced, and how will you do it?
• What are the limitations or barriers to implementing the strategy? What 

actions can be taken to reduce their possible effects?
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1.2 Talbotiella gentii:  genetic variation and 
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1.3 Shorea lumutensis:  genetic variation and 
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MODULE 2 Trees outside of forests 

2.1 Conservation of tree species diversity in cocoa 
agroforests in Nigeria

2.2 Devising options for conservation of two tree species 
outside of forests

 
MODULE 3 Tree seed supply chains

3.1 Genetic bottlenecks in the restoration of Araucaria 
nemorosa

3.2 Tree planting on farms in East Africa: how to ensure 
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MODULE 4 Forest management 

4.1 Impacts of selective logging on the genetic diversity  
of two Amazonian timber species

4.2 Does selective logging degrade the genetic quality of 
succeeding generations through dysgenic selection?
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Other modules to be published among the following:  
Plantation forestry, Tree domestication, Forest restoration, Genetic modification


