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Abstract. Forestry practices and high rates of land clearance for agriculture are causing genetic erosion
of valuable tree species in the Peruvian Amazon, thereby endangering the economic sustainability of rural
communities and limiting Peru’s opportunities for the development of new timber and non-timber forest
products. The potential utility and limitations of six low-input interventions to help forestall further genetic
erosion in the region are discussed, with a focus on local community involvement. Improved agroforestry
systems may help reduce deforestation by increasing farm productivity, although methods to increase the
currently low adoption rate of these technologies need to be developed. Use of strategic tree domestica-
tion techniques can also improve farm productivity and prevent inadvertent genetic drift and inbreeding
associated with traditional domestication practices, although to have a major impact, current programs
need to be extended across the region. Woodlot forestry could supplant selective extraction of timber and
offers an attractive opportunity for poverty alleviation if appropriate credit and land tenure policies can
be developed. However, it may also result in increased deforestation if activities on public land cannot be
controlled. The implementation of improved seed collection systems and simple seed transfer guidelines
would help to reduce the collection of seed of poor quality and low genetic diversity, and avoid maladapted
plantings, although such programs are difficult to monitor and seed costs may increase. Strategic identifi-
cation and design of in situ conservation areas would help to ensure the viability of conserved populations,
but requires the forfeiture of significant revenue from timber concessions.

Resumen. Las prácticas agroforestales y el alto porcentaje de deforestación de la tierra por la agricultura
están causando la erosión genética de especies arbóreas valiosas en la Amazonía Peruana, poniendo en
peligro la sostenibilidad económica de las comunidades rurales y limitando las oportunidades del Perú
para el desarrollo de nuevas maderas y productos no maderables. En el presente artículo se discute la
utilidad potencial y las limitaciones de seis intervenciones de baja tecnología para ayudar a evitar la erosión
genética en la región, con enfoque en la participación de las comunidades agrícolas. Los sistemas agro-
forestales mejorados pueden ayudar a reducir la deforestación incrementando la productividad agrícola,
aunque los métodos para incrementar la baja proporción de adopción de estas nuevas tecnologías necesitan
ser desarrollados. El uso de estrategías de técnicas de domesticación de árboles puede también mejorar la
productividad agrícola y prevenir la deriva genética y la endogamia asociada con las prácticas tradicionales
de domesticación, aunque para tener un mayor impacto, los programas nacionales necesitan extenderse a
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través de la región. Las parcelas maderables podrían sustituir la extracción selectiva y ofrecer una atractiva
oportunidad para alivio de la pobreza si son desarrolladas apropiadas políticas de crédito y tenencia de
la tierra. Sin embargo esto puede resultar en incremento de la deforestación si las actividades sobre las
tierras del estado no son controladas. La implementación de sistemas mejorados de colección de semillas
y guías de transferencias de semilla ayudarían a reducir la colección de semillas de pobre calidad y baja
diversidad genética, y evitarían plantaciones maladaptadas, aunque estos programas son dificultosos de
monitorear y los costos de semilla puede incrementarse. La identificación de estrategias y diseño de áreas
de conservación in situ ayudarían a asegurar la viabilidad de poblaciones conservadas, pero requerirían el
aporte significativo de las rentas públicas desde las concesiones madereras.
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Introduction

Tree species diversity in the Peruvian Amazon is among the highest in the world
(Gentry and Ortiz 1993), and over 200 tree species (>10 cm in diameter at breast
height) per hectare have been recorded in parts of the upper Amazon (Gentry 1988).
Inhabitants of the region are heavily dependent on the many products and services
theses species provide. In a recent survey in the Peruvian Amazon, farmers used
more than 250 tree species and considered 155 of these as priorities for agroforestry
(Sotelo-Montes and Weber 1997). In the neighbouring Bolivian Amazon, the Chácobo
indigenous community used 75 of the 91 tree species recorded in a sample hectare
(Boom 1985).

During his plant collection expeditions of the 1920s and 1930s, pioneering Rus-
sian geneticist, Nikolai I. Vavilov, recognized Peru as a ‘centre of diversity’, and
source of several staple agricultural crops cultivated around the world (Vavilov 1950;
Poehlman and Sleper 1995). Today, many of our food, material and medicinal needs
depend upon genetic resources that originated in a few relatively restricted regions
(Brush 1991). The continued development of these crops to meet changing socio-
economic demands, biotic stresses and environmental conditions often relies upon
new infusions of wild and domesticated germplasm from their neotropical areas of
origin (Cooper et al. 1992). In addition, within the biologically bountiful Peruvian
Amazon are numerous tree species that have promising national and international
markets for fruit (Prance 1994; Villachica 1996), medicinal (Estrella 1995; Mejía
and Rengifo 1995) and lumber (Toledo and Rincon 1996) products. If appropriate
management and cultivation practices were developed, these could greatly assist the
economic development of the region (Anderson 1989; Castillo 1995; Leakey and
Simons 1998; Weber et al. 1997a).

Genetic erosion – the loss of genetic diversity, or an unfavourable change in the
frequency of adaptive or commercially important alleles – is occurring in tropical
forests as a result of unsustainable management practices. Over-harvesting of trees
reduces census numbers to critical levels, may lead to reduced gene flow and results in
genetic drift, inbreeding depression and lowering of genetic diversity (Murawski and
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Hamrick 1991; Murawski et al. 1994; Dayanandan et al. 1999). In Costa Rica, genetic
erosion was detected in a rain forest tree species and attributed to forest fragmentation
(Hall et al. 1996). Many tropical tree species are particularly susceptible to the effects
of reduced gene flow because they are predominantly outcrossing (Murawski et al.
1994), occur typically at a low density of reproductive individuals per hectare, and
may have relatively short pollen and seed dispersal distances.

Genetic erosion of tree species due to anthropogenic causes has not been widely
investigated in Peru, and only infrequently in other tropical countries (Murawski et al.
1994; Hall et al. 1996). However, forest conversion for agriculture has resulted in
extensive deforestation and forest fragmentation in the Peruvian Amazon, and there
are many cases of declining tree populations from which genetic erosion can be in-
ferred. Approximately 0.4% (271 000 ha) of Peruvian Amazon forest is converted to
cropland or pasture each year (World Resources Institute 1990). Deforestation on this
scale leads to the loss of entire populations of some tree species (Myers 1988; Raven
1988), resulting in severe genetic erosion.

High rates of selective extraction (removal of the best individuals) are also con-
tributing to genetic erosion. Ceiba pentandra is commercially extinct (Gentry and
Vasquez 1988), and the density of commercial-size Swietenia macrophylla (mahog-
any) in the Ucayali region has been reduced from approximately three trees per
hectare, to one tree every two hectares over the past two decades (pers. comm.,
Ing. Auberto Ricse, INIA). Over-extraction prompted the FAO to label as geneti-
cally ‘impoverished’ the following Amazonian tree species: Amburana cearensis,
Aniba puchuri-minor, Bertholletia excelsa, Calophyllum brasiliense, Cedrela odo-
rata, Cedrelinga catenaeformis, Chorisia integrifolia, Copaifera officinalis, Hevea
brasiliensis, Hura crepitans, Swietenia macrophylla, Tabebuia serratifolia, and Viro-
la sebifera (FAO 1987). Over-extraction has placed Aniba roseaeodora and Castilla
elastica (sources of the essential oil linalol and rubber latex, respectively) on the verge
of extinction (Prance 1994).

Numerous policy changes (Jones and O’Neill 1992; Follis and Nair 1994; Fearn-
side 1995; Barbier 1997; Leakey and Simons 1998; Nair and Latt 1998) and techno-
logical developments (Portillo 1994; Sanchez et al. 1997; Leakey and Simons 1998;
Wicklein 1998; Alegre et al. 1998, 1999) have been proposed to reduce deforestation
and improve the sustainability of forestry and agricultural practices. Large scale and
‘high-tech’ approaches to agricultural development are sometimes less sustainable
than approaches that are community or farmer-based and employ appropriate tech-
nology (Chambers et al. 1989; Maskey 1997; Smith 1998; Wicklein 1998). Research
in Peru – as elsewhere – has shown that the success of agricultural development
efforts is contingent upon local generation and implementation of solutions (Saenz
1995). Genetic conservation strategies, therefore, may benefit from the involvement
of local communities in their design and implementation (Brush 1991; Cooper et al.
1992; Beyene 1997).
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This article focuses on the mechanisms by which agricultural and forestry activ-
ities impact tree genetic resources in the Peruvian Amazon, and attempts to foster
a dialogue regarding the potential utility and limitations of six interventions which
aim to forestall further genetic erosion in the region. Where possible, attention has
been placed on maximizing the role of farmers and other community members in
interventions, so as to capitalize upon their knowledge and ensure their benefit in
measures taken.

Agroforestry

Increased road access to the Peruvian Amazon has resulted in rapid colonization by
settlers during the last 35 years. Their use of short-fallow slash-and-burn agricul-
ture is the primary cause of deforestation in the region (Labarta-Chávarri 1998). The
increased, continuous and more diverse agricultural harvest associated with agrofor-
estry (Denevan and Padoch 1987; Montagnini and Mendelsohn 1997; Alegre et al.
1999) can increase farm productivity and profits, and thereby reduce subsistence land
needs and forest encroachment by farmers (Portillo 1994; Scherr and Current 1997).
For example, in Central America, farmers’ profits were at least 10% greater in ag-
roforestry systems relative to alternative land uses in 90% of cases examined, and at
least 25% greater in 40% of cases (Scherr and Current 1997).

Although the potential benefits of agroforestry systems appear clear, these sys-
tems have not been widely adopted in many areas of the developing world where
their agronomic potential has been demonstrated (Scherr and Current 1997; Vosti
et al. 1997). Farmers’ perceptions of food security risks, a lack of labour (Barton
1994), opportunity costs (Christoffersen 1989) and the potential lack of profitability
(Current et al. 1995) associated with agroforestry systems have been cited as factors
inhibiting their adoption. In the Amazonian lowlands of Ecuador, lack of extension,
credit, and product marketing are major factors inhibiting the adoption of agroforestry
(Follis and Nair 1994). In Central America, government regulation of tree harvesting
and land tenure insecurity are dis-incentives for adoption (Current et al. 1995). An
examination of policies affecting the adoption of agroforestry and the promotion of
more favourable policies are therefore essential.

Agroforestry has a long history among the indigenous farmers of the Peruvian
Amazon (Barton 1994). Several institutions are working to improve existing agrofor-
estry methods and extend their use among both indigenous and colonist communities.
Emphasis is placed on participatory research with communities in the areas of multi-
strata systems (planting of legumes, fruit and timber trees to diversify production)
and improved fallows (planting of legumes and fast growing tree species to shorten
the fallow period and improve food security) (Alegre et al. 1998, 1999).

If agroforestry increases farm productivity and farmers’ profits, the rate of colo-
nization of the Amazon may also increase, or current farmers with sufficient capital
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and labour may expand their farms. However, adoption of agroforestry and soil con-
servation practices was generally associated with reduced rates of land clearance by
existing farmers in the Amazon (Jones and O’Neill 1992) and east Africa (Sanchez
et al. 1997). These issues are being examined in Peru by several NGOs, the Centre
for International Forestry Research and the Centro de Investigacion de Agronomia
Tropical. Nonetheless, policies to encourage the adoption of agroforestry may also
need to consider settlement planning and curbing migration to the region.

Tree domestication

By selecting and propagating the best phenotypes, farmers have been slowly domesti-
cating trees for millennia. Modern domestication strategies can help meet the chang-
ing needs of farmers resulting from increased land pressures and changing socio-eco-
nomic conditions. Strategic approaches to domestication can help avoid the potential
pitfalls of traditional methods, such as the propagation of materials of insufficient
genetic variation, or the use of poor-quality or maladapted materials because good
sources of adapted germplasm are scarce (Weber et al. 1997b). By carrying out dif-
ferent activities in series rather than parallel and involving farmers directly in, and at
the initiation of, development programs, helps to ensure that farmers will ‘buy into’
the process for long enough for benefits to emerge (Saenz 1995).

ICRAF initiated a participatory tree domestication project in the Peruvian Ama-
zon basin in 1996, in conjunction with Peru’s national agroforestry research institute,
the Instituto Nacional de Investigación Agraria (INIA) (Weber et al. 1997a). Based
on farmer preference surveys and the advice of forestry and marketing specialists, 23
native tree species, providing a large range of products and services, including timber,
fruit and medicines, were selected as high-priority for domestication (Sotelo-Montes
and Weber 1997). In this project, farmers are directly involved in the collection, char-
acterization, selection and production of superior tree germplasm, thereby focusing
research on farmers’ needs and ensuring the end product of research is what farmers
desire (Sotelo-Montes et al. 2000). By including farmers in seed production activities
and designing trials which can afterwards be transformed into seed production stands,
the time taken for improved germplasm to reach users is reduced. These production
stands also serve a circa situ (i.e., where germplasm collections are planted in a new,
quasi natural environment) conservation function for important tree germplasm. In
addition, farmer seed production is being introduced as a new form of small-scale
business enterprise in the region. Further, by using vegetative techniques for the prop-
agation of fruit trees, the time taken to yield can be shortened and selection can be
undertaken more effectively.

Improvement of performance is only one criterion for the selection of tree popu-
lations during domestication: consideration must also be given to the adaptive capac-
ity of planting material to changing user requirements and environmental conditions
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(Simons et al. 1994). In addition, since most tree species do not tolerate inbreeding,
diversity itself is an important selection criterion for determining which tree popu-
lations to plant. In this context, tree domestication practices can have a particularly
useful conservation function, as they can help ensure that planted material is geneti-
cally diverse. In Peru, specific consideration has been given to the issue of diversity
through molecular genetic characterization of populations (Russell et al. 1999) and
on-farm provenance trials.

The major limitation to the use of tree domestication as a means of reducing ge-
netic erosion may reside in being able to supply sufficient quantities of planting stock.
Production targets for improved germplasm by ICRAF, the only organization in the
Peruvian Amazon currently producing improved germplasm, will meet the needs of
farmers in only a small fraction of the region. Larger-scale endeavours and the en-
gagement of national organizations must be sought if tree domestication is to signifi-
cantly reduce genetic erosion in the region.

Woodlot forestry

Selective extraction is the major form of logging practiced in the Peruvian Amazon.
Logging of phenotypically superior individuals of the region’s commercial species
removes the best genotypes from a population, leaving the poorest individuals of the
least profitable species to produce seed to regenerate future generations (Zobel and
Talbert 1984). This process of dysgenic selection will exacerbate the other problems
of genetic drift, inbreeding depression and reduced genetic diversity that may arise
from reduced census number (Bawa 1991; Murawski et al. 1994; Doligez and Joly
1997).

Community- or farmer-based woodlot enterprises based on intensively managed
tree plantations could supplant selective extraction due to their greater potential prof-
itability. In addition, woodlot forestry may be more environmentally and economi-
cally sustainable than selective extraction or natural forest management (Bawa and
Seidler 1998). Since most commercial tree species in the Peruvian Amazon are found
at low-densities, woodlots could provide a timber supply with substantially lower
extraction costs, due to their higher marketable volume per hectare. Road building and
transportation costs would also be reduced and management operations that add fur-
ther value to timber, such as pruning, could be introduced. Investment costs could be
reduced, and income and adoption rate increased, by locating woodlots on abandoned
or degraded farms.

Peru’s National Reforestation Committees are promoting on-farm mixed-species
woodlots for domestic timber demand using native tree species such as Calycophyl-
lum spruceanum, Cedrela odorata and Guazuma crinita. An international consortium
is also promoting woodlots on farms in the Peruvian Amazon to produce timber for
the certified international market. By promoting planting of well-known native timber
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species for the export market and developing markets for lesser-known native timber
species, some of the logging pressures on the principal commercial species in wild
stands may be deflected (Toledo and Rincon 1996). However, a number of issues
remain to be addressed. First, if highly profitable, the promotion of woodlot forestry
may increase deforestation if governments cannot control activities on public land.
Second, the long period required for most tree species to attain economic maturity
may be a significant deterrent to the adoption of woodlot forestry by poor farmers.
In order for woodlot forestry to reduce selective extraction, therefore, several factors,
including credit availability and land tenure, will need to be addressed (Current et al.
1995).

Improved seed collection systems

Problems related to quality and quantity of collected tree seed in the Peruvian Ama-
zon hinder attempts to address genetic erosion through reforestation. Seed deployed
in reforestation programs is often collected from a small number of trees, resulting
in low genetic diversity in seedlots, thereby increasing the risk of inbreeding depres-
sion and reducing adaptive capacity to changing user requirements and environmental
variation in planted trees.

Abundant seed on single trees and the low frequency of trees per hectare, as is
common in most tropical species and in disturbed habitats, invite collection from an
insufficient number of trees. Moreover, seeds are often collected from trees which
are the easiest to climb (i.e., the shortest and most crooked), which may result in
slow-growing or poorly-shaped progeny.

While domestication programs will soon provide high quality seed for a few pri-
ority species in the Peruvian Amazon, seed for other species will continue to be of
low quality unless regulation, training and monitoring programmes are established.
Therefore, a national system of tree seed registration is currently being considered
by Peruvian authorities. Factors under consideration include minimum standards for
(a) number of parent trees in each seedlot and seed bulking methods (Marshall and
Brown 1975), (b) separation distance between parent trees to minimize relatedness
(Dawson and Were 1997), (c) yield and physiological quality of the harvested seed,
and (d) health of the mother trees. Proper standards for the documentation of col-
lection localities will facilitate return to populations that perform well in particular
environments (and will allow populations that perform poorly to be avoided), and
will enable further refinement of seed zones to minimize maladaptation. Regulation
of seed collection in this manner, however, will increase the cost of seed and require
substantial investments in training and monitoring of collectors.

Cooperative seed collection is one approach to address the financial and logistical
difficulties of implementing improved seed collection systems. A proposed system
involves inviting farmers to collect seed from one or more of their ‘best’ trees for a set
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of priority species. Collected seed is combined by the cooperative and the genetically
diverse combined seedlots are then apportioned to the contributors. Assisting farmers
to understand the benefits of genetic diversity and quality will help ensure their vested
interest in the effective functioning of a cooperative. Juxtaposing individuals of good
and poor genetic quality in demonstration plots can highlight the impacts of poor
seed collection or deployment practices. Since deleterious effects may accumulate
over several generations, these may not otherwise be immediately obvious to farmers
or policy-makers. The establishment of such plots by NGOs and extension agen-
cies could increase tree-planting and assist in the implementation of improved seed
practices.

A cooperative approach to seed collection offers advantages beyond ensuring that
genetic diversity and quality standards are met. By selecting only the ‘best’ trees
for seed collection, farmers can realize a modest level of genetic improvement of
traits in which they are interested. Further, several species can be managed simul-
taneously in cooperative programs, providing greater returns and efficiency for all
participants. Finally, by plotting the distribution of individual trees held by different
farmers, spatial gaps between populations can be identified and filled by planting.
Strategic planting of this type can encourage gene flow among isolated populations
or among elite individuals of a species, and may ‘defragment’ the landscape. Guari-
no and Maxted (1996) describe the requirements of such ‘cooperative’ or ‘decen-
tralized’ seed collection programs, and highlight the importance of training seed
collectors.

Seed zones

Due to the wide range of environments in which tree species are commonly planted in
the Peruvian Amazon, attention to adaptation is paramount. With the large investment
of time and land in tree plantings, strict assurance is required that planted germplasm
is appropriately adapted to its specific planting environment.

The extent of maladaptation in Peruvian plantations cannot be assessed because
the original sources of seed are usually unknown, due to a current lack of a seedlot
registration system. However, adaptation is currently the subject of on-farm trials of
a number of tree species in the region, collected from, and replicated across, differ-
ent ecological conditions (Weber et al. 1997a). Once a seedlot registration system
is established, the simplest method to minimize maladaptation may be to classify
administrative regions into ecologically similar ‘seed zones’ and to prohibit trans-
fer of seedlots outside of their zone of origin (Conkle 1997). In the absence of a
well-defined ecological classification system, seed zones can be characterized climat-
ically, although lack of detailed climatic data in remote areas often requires ecological
classification to be derived from physiography, soils and elevation (Campbell 1991).
The ability of a seed transfer control system to reduce the incidence of maladapted
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plantings will depend on its simplicity and the simplicity of a seedlot registration
system, as well as stakeholders’ understanding of the risks of maladaptation.

While seed zones are typically set by national or provincial governments, regional
or community governments may help to minimize maladaptation in their regions by
setting interim guidelines (i.e., until provincial guidelines are established) and educat-
ing farmers. Farmers are already participating in adaptability trials that furnish infor-
mation to help delineate seed zones and provide visual evidence of the consequences
of maladaptation.

Conservation areas

Various features of tropical tree species make ex situ conservation a less viable op-
tion than for many crop species. In particular, the number of species needing atten-
tion is high, while information regarding taxonomy, phenology, reproductive biology,
seed storage behaviour and utility is scarce. Seeds of many tropical rainforest spe-
cies are recalcitrant, which precludes conventional long-term conservation in cold
stores. Also, maintenance of ecosystem interactions, such as with microsymbionts
and pollinators, is often essential for growth and reproduction of tropical trees and
co-occurring species.

In situ reserves conserve genetic variation and ecosystem interactions, function
as ‘workshops’ for natural selection and are sources for re-constituting populations
following catastrophic events. In the Peruvian Amazon, however, only 5.5% of the
land area is protected in the form of national parks and forests or other forms of
in situ reserves. The only ‘protected’ areas are National Forests, where both autho-
rized and unauthorized logging are frequent. Monitoring levels of resource extraction
and planning road construction carefully may help to reduce habitat alteration and
facilitate movement of pollinators and seed dispersers within forests. Since logging
roads facilitate human penetration, leading to over-hunting of game animals that are
important seed dispersers, the potential effects of ‘defaunation’ can be detrimental for
the regeneration of many tree species and for long-term forest productivity (Redford
1992; Asquith et al. 1997; Guariguata et al. 2000).

While establishment of in situ reserves has traditionally been the domain of na-
tional authorities, regional and community-based reserves may significantly comple-
ment a national reserve system. Furthermore, they may have particular value because
they are likely to be managed by local residents who have an intimate knowledge of
the local biota and its ecology (Pimbert and Pretty 1995), with a vested interest in
its conservation. For example, local knowledge may be applied in the identification
of corridors between reserves or areas of high habitat value for target species. Local
knowledge may also be employed in designing management regimes to produce con-
ditions optimal for reproduction of target species, which can help maintain genetic
diversity.
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Regardless of the mode of control of a reserve or reserve system, careful plan-
ning of the size, shape, location and composition of conservation areas can improve
their integrity and viability, and contribute to their individual and collective genet-
ic diversity (Harris 1984). Since many tropical forest trees, particularly in lowland
rainforests, occur at very low densities, their effective conservation in situ will re-
quire areas in the order of 2500 km2 (Lawrence and Marshall 1997). Unfortunately,
identification and management of areas of this size may be difficult or impossible for
community or even regional governments.

Contrary to common perception, fertile arable land is not abundant in the Peru-
vian Amazon (Coomes and Burt 1997). Consequently, the implementation of in situ
conservation areas may be plagued with encroachment as settlers search for fertile
farmland. In addition, the potential for tax revenue from timber concessions will be
forfeited for conserved areas. These two factors are potential barriers to conservation
area planning in Peru, and will require consideration within the larger framework
of integrated natural resource planning and economic and agricultural development
policies.

Genetic trials provide fundamental information for conservation planning by de-
scribing the distribution of adaptive variation within a species. Molecular genetic
studies clarify the taxonomy and reproductive biology of a species, identify popula-
tions of high genetic diversity, and determine the degree of genetic similarity among
populations (Hamrick et al. 1992; Hamrick 1993). However, in many developing
countries, including Peru, financial limitations and the large number of important
or threatened tree species often preclude the widespread employment of such tech-
niques. Furthermore, the utility of testing ‘paradigm’ species of a given ecology for
extrapolation to other tree taxa of the same ecology has not been explored in the
region.

Lack of such studies, however, does not preclude the establishment of conserva-
tion strategies. Conservation of a representative proportion of each ecological zone
is expected to provide a reasonable conservation framework because it specifically
targets adaptive variation (Yanchuk and Lester 1996). Where ecological classification
is unavailable, classification based on climate, physiography, soils or elevation may
be used, as for seed zone delineation.

The challenge

Current land use patterns and unsustainable forestry practices are eroding tree ge-
netic resources in the Peruvian Amazon, reducing the economic options and food
security of peoples in Peru. The interventions proposed in this article focus mainly on
technical innovations to involve farmers and forest-dependent communities in conser-
vation. However, social, political and economic factors (such as population growth,
inequitable land and wealth distribution, and conflicting policies) may pose a greater
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threat to the conservation of genetic resources than do technical deficiencies (Ledig
1986). The challenge for the future, therefore, will be to engage farmers, communi-
ties, governments and policy-makers in approaches that protect these precious and
often intangible genetic resources.
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