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1 General introduction

1.1 Foreword and Motivation

People depend on natural resources supplied by wild plants, for food, construction, energy,
and medicine all over the world and particularly in developing countries (Pimentel and Pi-
mentel, 2008). Apart from the direct use or consumption of wild plant resources, the com-
mercialization of plant raw materials or the sale of products manufactured from them provide
cash income, reduces poverty, and represents a safety net during emergencies and times of
food shortages. Furthermore, human societies also depend on a variety of indirect ecosystem
services, such as water catchment, erosion control, carbon storage, etc. (Balslev, 2011), a

major portion of which is provided by wild plants (Bastian, 2013).

However, currently and in the decades to come several challenges are looming that pose a
threat to entire ecosystems and by that to numerous wild plant populations, and the ecosys-

tem services they provide, consequently affecting the welfare and sustenance of mankind:

(D) A growing global population, heading for nine billion by 2040, has to ensure sufficient
availability of food, water and energy to meet future needs. This will definitely have a dis-
proportionately negative impact on the environment (Ehrlich & Holdren, 1971). Already
by 2030, the world population will consume 50% more food and 45% more energy, as was
estimated by the United Nations (2012) and plants will play a major role in satisfying the
increased demand of both in the future (e.g., Berndes et al., 2003).

(IT) All over the world and especially in the tropics, natural ecosystems are subject to inten-
sive human impact and the conservation of plant resources they provide is directly depend-
ent upon active management (Altieri ef al., 1987). Particularly tropical forests are degraded
by logging and the overexploitation of wild plant resources other than wood or — even worse
— are completely destroyed by slash-and-burn agriculture (Rudel and Roper, 1997). Clearly,
this affects local and global biodiversity and often results in permanent changes of land use

(deforestation), which in turn has an effect as a driver in climate change (Tinker et al. 1996).

(III) Climate change is expected to be a major driving force for ecosystem change in the
decades to come (IPCC, 2001, 2007). Associated changes in temperature, precipitation, and
seasonal variation represent an profound threat to biodiversity (Bastian, 2013) and also con-
stitute a major challenge for nature conservation (Svenning & Sandel, 2013). Already 30
years ago, a significant effect of global warming was discernible in wild plant populations
(Root et al., 2003) causing shifts in species distribution and abundance (Parmesan & Yohe,
2003), which, among other factors, lead to an increased extinction risk of species (Thomas

et al., 2004). Therefore, an increasing loss of biodiversity can be expected through the ef-
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fects of climate change alone, especially in regions with a high proportion of fragmented or
isolated habitats (Rannow et al., 2010) and species that are already threatened by changes in
land use are particularly threatened (SMUL, 2008).

Overall, the impacts of both climate change and (increasingly) destructive human activi-
ties are closely connected and represent the most critical factors that creating new limits for
our environment’s resilience and ability to supply (Pasztor & Schroeder, 2012). Sadly, food
shortage (or inappropriate distribution of produced food) and the resulting malnutrition as
well as scarcity of drinking water already represent a huge problem for large parts of the
world population, particularly in developing countries, which in 2010 resulted in around 925

million undernourished people worldwide (FAO, 2010).

NW South America represents a global hotspot of vascular plant biodiversity (Mutke &
Barthlott, 2005) and hence there is an extremely high number of useful plant species to be
found in the countries Bolivia, Colombia, Ecuador, and Peru, most of which are collected
from the wild (De la Torre et al., 2008; Reyes-Garcia et al., 2006; Aguirre et al., 2002;
Duivenvoorden et al., 2001). However, legal and administrative frameworks that regulate
the extraction and trade of non-timber forest products (NTFPs) in these countries are highly
fragmented and inefficient; amounts of plant resources extracted from the wild are neither

regularly controlled nor documented (De la Torre ef al., 2011).

These data are required and need to be assessed in order to understand the relative and ab-
solute socio-economic importance of individual plant species and, thus, represent a crucial
foundation to determine the value of corresponding ecosystems. “Lack of this understanding
and failure of markets in reflecting the value of ecosystems mean that information conveyed
to economic decision-makers at all levels remains incomplete. Typically, the full social and
environmental benefit of these goods and services and the impact and full cost of their deg-
radation are not translated in a way that will ensure optimal decisions for both the economy
and the environment” (Newcome et al., 2005). Welfare and sustenance of mankind in the
decades to come therefore eminently depend on the success of establishing policies best
suited to mitigate the combined impact of the main causal and intricately linked key factors
for environmental degradation of ecosystems (i.e., increase of human population, climate

change, and unsustainable management practices or destructive land use).

The present work encompasses topics that range from basic botanical research through to
the economic botany of plants that are subject to commercial exploitation in NW South
America. The results here presented come from several studies that were conducted in order
to contribute to a better understanding of the current situation of plant species that are regu-
larly harvested from the wild and commercialized. Both biological baseline data and data

on socio-economic importance, extent of trade, and economic value of plant raw materials
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are provided and may act as background data required for the design and implementation of

programs that foster the conservation and sustainable exploitation of corresponding species.

1.2 Species

1.2.1 Arecaceae

The palm family (Arecaceae or Palmae) represents a large and diverse plant family of mono-
cotyledonous flowering plants. According to the latest classification the family is divided into
the 5 subfamilies Calamoideae, Nypoideae, Coryphoideae, Ceroxyloideae, and Arecoideae
(Asmussen et al., 2006), which comprise 28 tribes, 27 subtribes, and around 2,400 species in
183 genera (Dransfield et al., 2008; Govaerts ef al., 2013). Palms are predominantly found
in tropical and subtropical regions of the world and a major portion of palm species thrives
in tropical rain forest habitats. Some seasonal and semi-arid habitats are also relatively palm
rich, and a couple of species also even occur as a characteristic components of some desert
floras (Boyer, 1992; Dransfield et al., 2008).

South America has 457 palm species in 50 genera (Pintaud et al., 2008), whereas numer-
ous tribes of the subfamily Arecoideae dominate the palm flora here, with only 3 genera
(Chamaedorea, Geonoma & Bactris) accounting for one third of all American palm species
(Henderson et al., 1995; Dransfield et al., 2008). However, Ceroxyloideae and Calamoideae
are also of importance in South America, the latter primarily because of the high abundance
of individuals of just seven species (e.g., Mauritia flexuosa) from the tribe Lepidocaryeae
(Dransfield et al., 2008). Systematic affinities of palm genera and species dealt with in this

thesis are presented in Table 1.1.

Although a typical palm builds a solitary stem — a shoot with a single apical meristem bear-
ing a crown of leaves — many palms deviate from this bauplan and develop clustering stems
or form shrubs, or even lianas (Dransfield ef al., 2008, Tomlinson, 2006). Notably, palm
stems neither produce a bark nor do they consist of true wood with annual rings. This reflects
their monocotyledonous character: In contrast to many other trees, palm stems contain vas-
cular bundles scattered throughout a softer parenchymatous tissue, which are most densely
packed in the outer part and decrease in number towards the center of the stem. This results
in the fact that the fibrous palm timber is completely different to timber that comes from
non-palm tree species and is the cause of the enormous flexibility and rigor of palm stems
(Parthasarathy & Klotz, 1976; Dransfield et al., 2008). Additionally, many palms are very
well adapted to grow in seasonally flooded areas that are not suited for agriculture, where
they often develop dense and monotypic stands (e.g., aguajales = dense stands of Mauritia

flexuosa; taguales = dense stands of Phytelephas aequatorialis; e.g., Prance, 1979; Schliiter
etal., 1993).
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Table 1.1 Systematic affinities of palm genera and species dealt with

Subfamily Tribe Subtribe  Genus

Calamoideac  Lepidocaryeae Mauritiinae Lepidocaryum tenue

Mauritia flexuosa

Ceroxyloideae Ceroxyleae Ceroxylon spp.
Phytelepheae Aphandra natalia
Phytelephas spp.
Arecoideae Iriartecae Iriartea deltoidea

Socratea exorrhiza
Wettinia spp.

Cocoscae Attaleinae  Attalea spp.
Bactridinae Astrocaryum spp.
Bactris spp.
Elacidinae  Elaeis spp.

Euterpeae Euterpe spp.
Prestoea acuminata

Oenocarpus bataua

Geonomateae Geonoma spp.

Leopoldinicae Leopoldinia piassaba

Due to their high diversity, abundance and interactions, many palm species play key eco-
logical roles and provide numerous ecosystem services (Johnson and the [UCN/SSC Palm
Specialist Group, 1996). They are also of great cultural and economic significance (see, e.g.,
Endress et al., 2013; Gilmore et al., 2013; Mauritia flexuosa in lowland Peru), ranking third
after grasses (Poaceae) and legumes (Fabaceae) in overall economic importance. According
to Johnson (2011), palm products typically fall into three different general categories, which
are (I) primary products, (II) secondary or by-products, and (III) salvage products. Primary
products represent the chief commercial (or subsistence) product, secondary and salvage
products refer to useful items or material directly generated by processing and harvesting
of the primary product, respectively. Another categorization is based on the type and degree
as well as on location and level of sophistication in the processing of palm products. (I)
The majority of palm resources represent products for immediate use, which are extracted
from the wild by means of an ax or machete and are exploited at subsistence levels only
(palm heart for direct consumption, fruits, and fronds for thatch). (IT) Production of goods
that require a modest amount of processing, few tools, and which are produced in locations
that are not exclusively designated for processing is refered to as cottage-level processing
(traditional extraction of palm mesocarp oil, weaving of mats, manual carving of vegetable
ivory). (IIT) Small-scale industrial processing implies the need for specialized equipment, a
dedicated locality where processing takes place, and a number of skilled workers, that pro-
duce goods manually, semi-mechanized, or mechanized (Canning of palm hearts, distillation
of palm wine). (IV) Large-scale industrial processing is distinguished from the preceding in
terms of the greater physical size of the processing facility, a higher level of sophistication

in the processing itself through more complicated mechanical devices and certain highly
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skilled workers to operate and maintain equipment (African palm oil factories, processing of

most products with export quality; Johnson, 2011).

Palms (Arecaceae) stand out as a plant group of extraordinary usefulness and are of particu-
lar socio-economical importance on a daily basis for numerous rural communities in north-
western South America (e.g., Lévi-Strauss, 1952; Macia, 2004; Paniagua-Zambrana et al.,
2007; Macia et al. 2011). However, the bulk of utilized native palm species is harvested or
managed in wild populations in various ways of which some are sustainable and others are
destructive (Balslev, 2011) and Bactris gasipaes represents the only exception that is fully
domesticated (Johnson, 2011). Consequently, palm species used for subsistence purposes
are principally locally depleted close to villages, while commercialised species are generally
more widely depleted (Kvist & Nebel, 2001; Iquitos, Peru). Overall only few (old world)
palm species represent cultivated major crops, i.e., coconut, date, and oil palm (Johnson,
2011). Therefore, palms are perfectly suited to act as object of study in research on overall
importance, trade extent, and the impact through harvest of wild plant raw materials in sub-
sistence and cash economies in the midst of a global hotspot of biodiversity. A case study
on the productivity and management of Phytelephas aequatorialis was performed in order
to investigate the link between production rates of raw materials under different regimes of
management and abiotic factors such as altitude and exposure to sun light. Detailed informa-

tion on P. aequatorialis is presented in Chapter 4.1.

1.2.2 Krameria lappacea

Krameria lappacea, a slow-growing shrub that shows intriguing ecological characteristics
and is found in an extreme environment of seasonal aridity. It is subject to destructive har-
vest from the wild for commercialization (Weigend & Dostert, 2005). However, scientific
baseline data is scarce and a deeper understanding of the biological function of this com-
mercially exploited plant species is non-existent. Data on abundance and productivity of
Krameria are absent from the scientific literature. Its ecological role and relevance for the
associated ecosystem remain poorly understood. Details on the systematic background of the
family Krameriaceae as well as on ecological aspects and on commercial uses of Krameria

lappacea are presented in Chapter 5.1 and 6.1.

1.3 Ecosystem goods and services

1.3.1 What are ecosystem goods and services?

Ecosystems and their biological diversity offer a wealth of goods and services, providing
mankind with essential basic supplies and represent the foundation for economic prosperity

and other aspects of welfare (Newcome ef al., 2005).
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In a broad sense, the term ecosystem services refers to the range of characteristics and pro-
cesses through which natural ecosystems, and the species that they contain, help sustain and
fulfil human life (Daily, 1997). These services regulate the production of ecosystem goods,
which refer to the natural products used by humans on a daily basis, such as wild fruit and
nuts, forage, timber, game, natural fibres, spices, medicines and so on. Ecosystem goods thus
represent the various products, i.e., the direct, economical value of an ecosystem and the as-

sociated biodiversity (Newcome et al., 2005).

More importantly, ecosystem services support life through the regulation of essential pro-
cesses, such as the purification of air and water, the pollination of crops, nutrient cycling,
decomposition of wastes, and generation and renewal of soils, as well as by moderating en-
vironmental conditions by stabilising climate, reducing the risk of extreme weather events,

mitigating droughts and floods, and protecting soils from erosion (MEA, 2005).

Ecosystem services thus represent the indirect value of an ecosystem and since the release
of the Millenium Ecosystem Assessment (MEA, 2005) the number of studies on the evalua-
tion of ecosystem services has grown, each of them defining and subcategorizing ecosystem
services in slightly different ways (Ojea et al., 2010). According to Newcome and collabora-
tors (2005), ecosystem services can be grouped into the following six categories, which are
broadly based on both their ecological and economic function: (I) Purification and Detoxi-
fication: filtration, purification and detoxification of air, water and soils; (II) Cycling Pro-
cesses: nutrient cycling, nitrogen fixation, carbon sequestration, soil formation; (III) Regu-
lation and Stabilisation: pest and disease control, climate regulation, mitigation of storms
and floods, erosion control, regulation of rainfall and water supply; (IV) Habitat Provision:
refuge for animals and plants, storehouse for genetic material; (V) Regeneration and Produc-
tion: production of biomass providing raw materials and food, pollination and seed disper-
sal; and (VI) Information/Life-fulfilling: aesthetic, recreational, cultural and spiritual role,
education and research. Clearly, plants are the crucial ecosystem component in the provision

of the six categories mentioned above.

1.3.2 Importance and valuation of ecosystem goods and services

Establishing the link between a given ecosystem and its goods and services and how these
are valued by individuals is the key to an understanding of the importance and value of eco-
systems and their incorporation in economic and other policy decision-making (Newcome et
al., 2005). This topic gave rise to a novel subfield of economics (environmental economics),
which undertakes studies of the economic effects of national or local environmental policies
and includes concepts such as market failure (unfettered markets fail to allocate resources
efficiently) and valuation of the environment (assessment of the economic value of eco-

systems; Harris, 2006; Hanley et al., 2007). A central concept of environmental economics
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represents the determination of total economic value (TEV), which primarily is composed of
use values that involve some interaction with the resource, either directly or indirectly as ex-
plained in Chapter 1.3.1, but also takes non-use values into account. Non-use values are as-
sociated with benefits derived simply from the knowledge that the ecosystem is maintained
and are, by definition, not associated with any use of the resource or tangible benefit derived
from it. When goods and services are provided in actual markets, the price individuals pay
is at least a lower-bound indicator of how much they are willing to pay for the benefits they
derive from consuming that good or service. For environmental resources which are not
traded in actual markets, such behavioural and market price data are missing. Regardless of
whether all components of TEV can be expressed in monetary terms for a given ecosystem
good or service, the concept is reported to be useful in gathering the necessary information
for more sustainable decision-making (Harris, 2006; Hanley et al., 2007; Newcome et al.,
2005).

According to Newcome and collaborators (2005) four factors need to be taken into account
when the importance of ecosystem goods and services are incorporated in economic de-
cisions: (I) Understanding of the ecological functions that produce ecosystem goods and
services; (II) Interface ecology and economics, which involves identification of those goods
and services that are directly supplied, indirectly provided or (positively or negatively) in-
fluenced by human activities; (III) Definition and quantification of the economic benefit pro-
vided by goods and services, taking account of the components of the total economic value
that applies in each case; and (IV) Distribution of benefits that derive from ecosystem goods
and services among different beneficiary groups (spatially defined at the very least) and time
periods, i.e., identification of different stakeholders, which is also useful in understanding

the distribution of the costs involved when ecosystems are degraded.

1.4 Ecosystem goods, legal extraction, and value
chains

1.4.1 NTFPs and MAPs - Plant resources from nature

Before the 1980s, timber was perceived as the primary product obtained from forests and
accordingly forest policy and formal management were focused on it, largely downplaying
other available goods such as, e.g., mushrooms, resins, leaves, and fruit, while completely
ignoring provided ecosystem services and conservation. These ,,other products® or non-tim-
ber forest products (NTFPs) were defined as “all the biological material (other than indus-
trial round wood and derived sawn timber, wood chips, wood-based panel and pulp) that
may be extracted from natural ecosystems, managed plantations, etc. and be utilised within

the household, be marketed, or have social, cultural or religious significance” (Wickens,
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1991). However, since then, mainly due to alarming rates of deforestation, awareness has
increased that forests generate many secondary products and services. These ecosystem ser-
vices that are essential to local communities and required by society at large must be accom-
modated by forest management (Belcher et al., 2003; Mantau et al., 2007). Many alternate
terms that are used more or less as synonyms for these secondary products have been in use
since then, with non timber forest products (NTFPs; De Beer & McDermott, 1989) and non
wood forest products (NWFP; Chandrasekharan, 1995) as the most widely employed terms
(Belcher, 2003). Despite subtle differences, these terms all refer to ecosystem goods such as
mushrooms, fruit, leaves, plants and animals collected in forests and used as food, fodder,
medicine, as raw materials for production of handicrafts or cultural objects and as a source
of income and subsistence (FAO, 2005; Mantau et al., 2007).

Medicinal and Aromatic Plants (MAPs) refer to a component or sub-sector of NTFPs. They
comprise plants used to produce pharmaceuticals, dietary supplement, cosmetics and per-
sonal care products, as well as some products marketed in the specialty food sector (Pyakurel
& Baniya, 2011). According to the World Health Organization, the majority of the world’s
human population, especially in developing countries, depends on traditional medicine
based on MAPs (WHO 2002). Worldwide, some 50,000 to 70,000 plant species are known
to be used in traditional and modern medicinal systems (Schippmann et al., 2006). The ma-
jority of MAPs are traded locally, regionally, and nationally, but ca. 3,000 MAP species are
traded internationally (Lange & Schippmann, 1997). Altogether, many different plant parts
and resources are harvested as NTFPs, including roots, tubers, leaves, bark, twigs, branches,

flowers, fruits, nuts, seeds, gums, saps, resins, latexes, and essential oils (Walter, 1998).

Due to the fact that most NTFPs do not require the cutting of trees and provide subsistence
and income for local people, the support of use and commercialization of these products
has been considered as a promising tool for achieving conservation objectives while at the
same time supporting development and improving livelihoods of rural communities (Peters
et al., 1989; Falconer, 1990; Plotkin & Famolare, 1992; Nepstad & Schwartzman, 1992).
However, an unconsidered promotion of NTFP commercialization based on extraction from
the wild generally bears ecological and livelihood risks (Belcher & Schreckenberg, 2007)
and in many cases is reported to rather lead to resource depletion. Therefore, Kusters and
collaborators (2006) stated that NTFP trade is unlikely to reconcile development and the

conservation of natural forest.

1.4.2 Legality of the extraction of and trade in NTFPs in NW

South America

In 1992, the Convention on Biological Diversity (CBD), set up by the United Nations, was

held in Rio de Janeiro due to a common concern about the significant reduction of biological
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diversity by certain human activities. Here, the contracting parties affirmed that individual
states have sovereign rights over their own biological resources and that they are responsible
for conserving their biodiversity by using their biological resources in a sustainable manner.
Sustainable use was here defined as “[...] the use of components of biological diversity in a
way and at a rate that does not lead to the long-term decline of biological diversity, thereby
maintaining its potential to meet the needs and aspirations of present and future generations”
(CBD, 1992).

In order to comply with this international agreement, individual states approved to translate
these decisions into national law to ensure that activities in areas within their jurisdiction
(in the case of components of biological diversity) and also beyond the limits of national
jurisdiction (in the case of processes and activities) do not cause damage to the environment
(CBD, 1992). Generally, this represents the legal background for sustainable use and conser-
vation of biodiversity on the (inter)national level, which includes any biotic component of

ecosystems with actual or potential use or value for humanity, such as NTFPs.

Two decades after the CBD, Bolivia, Colombia, Ecuador, and Peru have all implemented a
national legislation that prohibits unsustainable use of forest resources. Although there are
different procedures for legal harvest of NTFPs from public and private lands with com-
mercial purposes, for the issuance of a permit, generally, a management plan has to be pro-
vided that verifies biological sustainability of resource extraction. Harvest of NTFPs for
subsistence however, does not require any permit in Ecuador, Peru, and Bolivia; and albeit
it requires a permit in Colombia, its issuance does not require proof of sustainable resource
extraction (De la Torre ef al., 2011). As a consequence, since there is no or only insufficient
control of extracted amounts and, particularly on the local level, a major portion of raw ma-
terial trade proceeds informally only, a clear separation between subsistence use and com-
mercial use is leveraged: Many local industries depend on raw materials from local markets
and suppliers who in turn obtain raw materials from peasants or local communities that col-

lect small quantities under the subsistence regulation (Bernal et al., 2011).

1.4.3 Value chain analysis

A value chain, also known as supply chain, or market chain (Neumann & Hirsch,
2000), ,,[...] describes the full range of activities, which are required to bring a product or
service from conception, through the different phases of production (involving a combina-
tion of physical transformation and the input of various producer services), delivery to final
consumers, and final disposal after use, as defined by Kaplinsky & Morris (2002). Value
chains of NTFPs thus comprise the total of proceeding activities broken down according
to type and location of stakeholder activity, such as production and provision of resources,

distribution and supply, processing, storage, transport, marketing, and sale. In this, the rela-
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tive importance of each of these categories may differ among products, they may not occur
sequentially and some may even be repeated or omitted (Marshall ef al., 2003). The term
value chain highlights the value that is added through these different processes and activi-
ties of individual stakeholders (Schreckenberg ef al., 2006). The objectives of a value chain
analysis are: (I) identification of the main actors or organizations in the commercialization
chain from resource production through to the final consumer; (II) identification of specific
stakeholder activities and share of benefits; (III) identification of different routes, current
extent, and potential of production and commercialization regarding individual NTFPs; and
(IV) assessment of the condition of the marketing chain (Marshall et al., 2006). Accordingly,
a value chain analysis provides qualitatitive and quantitative data which include the charac-
terization of all segments, actors, products and market channels, as well as the quantification

of invested time, distance, income, profit, and its variations along the segments.

Several ways of calculations are in use for a characterization and quantification of relative
and absolute benefits obtained by individual stakeholders. The most common are calculation
of gross income (difference between investments and sales price), commercialization margin
(difference between investments and sales price divided by final consumer price), and share
of consumer’s price (Price of the product at each segment divided by final consumer price;
Marshall et al., 2006). Data required for a comprehensive value chain analysis is usually
obtained from official statistics and by performing interviews with stakeholders (of all seg-
ments). Value chains may be short and simple, particularly those of locally traded products,
with primary producers, i.e., individual farmers or harvesters, selling their products directly
to consumers. Value chains that span over larger geographical ranges and that involve a
higher level of sophistication in processing tend to be more complex and the recent trend to-
wards increased globalization has transformed the way business works, making value chains
of NTFPs more complex and difficult to manage (Belcher & Schreckenberg, 2007). Calcula-
tions of the commercialization margins and the share of the consumer’s price may be chal-
lenging, particularly for resources and products that are processed or transformed or do not
have a standard unit of measure when passing through the supply chain. Therefore, it is not
always possible to present this type of analysis for every NTFP. Overall, a value analysis
provides understanding of why things work the way they do and whether changes in govern-
ance or behaviour may be needed in order to ensure equitable distribution of benefits among
stakeholders and to foster sustainability in production and trade of NTFPs (Marshall et al.,
2006).
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1.5 Aims and scope of the study

1.5.1 Research questions

1. How can the data on trade with wild plant resources be obtained in a standardized manner?

2. What are the economically most important native palm species, raw materials and prod-

ucts in northwestern South America in terms of turnover and amounts traded?

3. What is the overall socio-economic importance of the trade in palm resources for primary

producers and which share of the overall benefits do they obtain?

4. How are leaf and fruit production in Phytelephas aequatorialis correlated to environmen-

tal factors (altitude and exposure to sunlight) versus management?

5. What is the biology of Krameria lappacea and how can sustainable management be based

on a biological understanding of the species?

1.5.2 Specific objectives

1. Develop and test a standardized research protocol to document marketing networks for
raw materials and products that derive from native palm species across northwest-
ern South America with standard questions to actors at different levels of marketing

chains.

2. Gather available information concerning the commercial extraction and sale of native
palm raw materials and products in northwestern South America, including scientific
data, information from official statistics, and obtain data by means of interviews with

stakeholders regarding harvest, consumption, and detailed trade information.

3. Compile and analyse available data on palm trade in order to provide an estimate on
the relative and absolute economic importance of individual palm species and on the
benefits and overall socio-economic importance of trade in native palm resources for

primary producers.

4. Determine and compare leaf and fruit productivity of Phytelephas aequatorialis individu-
als in different habitats, i.e., in lowland and highland habitats and in different types of
land use systems, incorporating individuals that are subject to low and high exposure
to sunlight, respectively. Investigate whether leaf and fruit production is affected by
leaf harvest, by comparing the production rates of harvested and not harvested indi-

viduals.
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5. Investigate Krameria lappacea in the field and examine anatomy and morphology of all
root structures found. Document and compare the conditions of populations in loca-

tions subject to differently intense types of commercial extraction.

1.5.3 Overview

This dissertation consists of five manuscripts, which are either published in, submitted to
or in preparation to be submitted to peer-reviewed scientific journals. Consequently, the
Chapters 2* to 6° are structured as journal articles, each containing a separate introduction
as well as sections for materials and methods, results, and discussion. All references cited in
this thesis are given in a combined reference list after Chapter 7 and supplementary data for

individual chapters are provided in the Appendix of this work.

The Chapters 2° to 4¢ are dedicated to studies on the economic botany of palms (Arecaceae)
in northwestern South America (i.e., Bolivia, Colombia, Ecuador, and Peru), which are pre-
sented in chronological order, according to the date of publication and submission, respec-
tively. Chapter 2° represents a standardized research protocol, which was designed and used
for the obtention of data on harvest, production, and trade of palm raw materials and prod-
ucts by means of interviews with stakeholders that are involved in these areas of activity.
Chapter 3° is a review on trade in native palm raw materials and products in northwestern
South America, which is based on information from scientific literature, official statistics,
and data that were acquired by means of interviews performed in Peru (in 2009) and in Bo-
livia (in 2010) using the standardized research protocol presented in Chapter 2°. Chapter 4¢
is a case study on productivity and management of Phytelephas aequatorialis, which pre-
sents biological data from several field trips to western Ecuador conducted by Danish and
Ecuadorian colleagues (between 1991-1993 and 2011-2012, respectively) as well as basic
economic data acquired by the author through interviews performed across western Ecuador

(in 2011) using the standardized research protocol presented in Chapter 22

The chapters 5¢ and 6° are dedicated to basic botanical research on Krameria lappacea, a
wild harvested and endangered medicinal plant from the Andean deserts in South America.

Chapters 5% and 6° are presented in chronological order, according to the date of publication

* Brokamp G., Mittelbach M., Valderrama N., Weigend, M. 2010. Gathering data on production and
commercialization of palm products. Ecologia en Bolivia 45(3): 69-84. ISSN 1605-2528.
Homepage: http://www.scielo.org.bo/scielo.php?script=sci_serial&pid=1605-2528&Ing=en

® Brokamp G., Valderrama N., Mittelbach M., Grandez-R. C.A., Barfod A.S., Weigend, M. 2011.
Trade in Palm Products in Northwestern South America. The Botanical Review 77(4): 571—
606. http://dx.doi.org/10.1007/s12229-011-9087-7

¢ Brokamp G., Borgtoft Pedersen H., Monttfar R., Jacome J., Weigend M., Balslev H. subm. Produc-
tivity and management of Phytelephas aequatorialis (Arecaceae) in Ecuador. Submitted to
Annals of Applied Biology on 11.07.2013, accepted with minor revisions on 12.07.2013, final

26 revision ahead, AAB-2013-0230.



and submission, respectively. Chapter 5¢ is focused on the hemiparasitc nature and haus-
torium structure of K. lappacea. Here included are data on host range from field studies
conducted in Andean sites across Peru (years 2004-2012) and results from anatomical (mi-
crotomy and light microscopy) and micromorphological studies (scanning electron micros-
copy) on roots and haustoria that were performed in Berlin. In Chapter 6° data on abundance
and population structure from different locations are presented on the basis of field studies
conducted in Andean sites across Peru (years 2004-2012). Additionally, Chapter 6° includes
aspects of seed ecology resulting from field observations and a germination experiment that

was carried out in a greenhouse in Berlin.

In Chapter 9 (Conclusions), all findings regarding the economic botany of native palms from
northwestern South America and the results of conducted basic botanical and ecological re-

search on Krameria lappacea, both already discussed in previous chapters, are summarized.

2 Standardized data collection on trade
in palm products

2.1 Introduction

This study is focussed on commercial aspects of Neotropical palms, palm products, product
(pre-)processing and value chains; with the aim to characterize the current trade of palm
products and their likely development in the future. One of the primary objectives was the
design and development of a standardized research protocol (SRP; Appendix A) as a basis
for the collection of significant and interoperable data on commercialization of palm prod-
ucts in the countries under study (Bolivia, Colombia, Ecuador, and Peru), across the different

palm species and their products.

Palms provide a huge variety of products, ranging from construction material through do-

mestic implements and fibre products to raw materials for food and cosmetics (Stagegaard

4Brokamp G., Dostert N., Caceres-H. F., Weigend M. 2012. Parasitism and haustorium anatomy
of Krameria lappacea (Dombey) Burdet & B.B. Simpson (Krameriaceae), an endangered
medicinal plant. Journal of Arid Environments 83: 94-100. http://dx.doi.org/10.1016/j.
jaridenv.2012.03.004

¢6: Brokamp G., Schwarzer C., Dostert N., Caceres-H. F., Weigend M. in prep. Now, where did all
the Rhatanies go? Abundance, seed ecology, and regeneration of Krameria lappacea from the
Peruvian Andes. To be submitted to Journal of Arid Environments or a similar journal.
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et al., 2002; Balslev et al., 2008; see Chapter 3.3). The degree of commercialization is even
more divergent than the products themselves and covers a range extending from the personal
use and local barter to national and international trade, and from direct consumption to com-
plex processing. As a result, total volumes harvested and marketed, and also the degree of
sophistication in harvest, processing and commercialization vary widely. However, there are
few detailed data on the absolute and relative economic importance of individual commodi-

ties and products, as well as on the corresponding value chains.

The main objectives in designing this protocol were the following: (I) to achieve a consensus
between the desire for a maximum of useful data and the need for interview forms that can be
applied in practice without losing time and without exhausting respondents; (II) make them
widely applicable, regardless of product, species, role of the informant, region, and scope of
marketing. After testing of the protocol in the field and a first check of the data obtained, all
data from the different interviews were captured and summarized in a corresponding data

capture table for subsequent interpretation and processing.

2.2 Protocol design

Already existing protocols for obtaining this type of data are — generally — focusing on a
single value chain and need different types of forms for the various actors (e.g., Guel &
Penn, 2009). Our protocol aims to be universal, i.e., applicable to any actor and product,
so we only need a single universal form for each to collect relevant data at any level. The
standardized research protocol (SRP) was designed to capture a representative set of data for
each respondent, including: amount and source of raw material and type of product commer-
cialized, value chain, trade routes, type of (pre-)processing, market and limiting factors of
trade. This protocol was developed in six stages: (I) Identification of types of relevant data,
(IT) design of draft versions, (III) field testing of draft versions in Colombia and Peru (GB,
MM and NV), (IV) revision and sending of protocols to the FP7-PALMS project partners for
comments, (V) second revision and presentation in the FP7-PALMS project workshop (Villa

Tunari, Bolivia), (VI) third revision and incorporation of changes suggested in Villa Tunari.

The draft protocol version turned out to be quite large and unwieldy when tested in the field,
so we needed to remove and rearrange questions in order to reduce the overall number of
questions, and thus the time needed per interview. The final version consists of only two
forms of one page each so a personal interview can be done in 20—60 minutes, depending
on product complexity and role of the respondent in the trade with palm products. This final
version was also tested in field studies in Bolivia in early August 2010 (GB, MM). It was
verified that this version is easy to use in the field and allows to obtain a maximum of rel-

evant data in a minimum of time.
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2.3 Structure and use of the protocol

In its final design, this protocol can be applied for structured interviews with open and semi-
open questions. In this way, the protocol consists out of three components that are used in

data collection.

2.3.1 Interview forms

The interview forms consist of a master sheet and an annex (Appendix A2), one page each.
There is (only) one master sheet to be filled in for each interview, which compiles basic
data (e.g., interviewer, interviewee, date, exact geographic location, role of interviewee in
commerce of palm products, list of species/products). For each product a separate annex is
filled in; the annex summarizes all the quantitative and qualitative data corresponding to
each product, such as the amount of raw material that is used in absolute and relative terms
(ratio of raw material and finished product), how and where raw material is harvested, which
(pre-)processing steps are performed, what costs and benefits incur, where and to whom the
raw material/product is sold and how it is transported, and what are the limiting factors of

production/sale of a given product.

2.3.2 Manual

A manual provides detailled instructions on how to use the interview forms and contains a

questionnaire that spells out all necessary questions (Appendix Al).

2.3.3 Data capture table

For further processing and interpretation, obtained interview data need to be tabulated. For
this process an EXCEL spreadsheet was designed, i.e., a data capture table (DCT; Appendix
A3) that corresponds to the interview forms, in order to facilitate raw data transfer without
necessity of prior reorganisation or interpretation of data. Once completed, every line of the
DCT corresponds to a distinct product (commonly more than one product is registered per
interview), which simplifies the direct comparison of equal or highly similar products com-

ing from different palm species, interviewees, and locations of the study.

2.4 Data storage and exchange

This SRP may be applied in order to obtain data by means of interviews. The original inter-
view sheets completed during field work are archived and the data is transferred to the DCT,
which permits an easy exchange among investigators and provides the basis for further pro-
cessing and evaluation of the data. If participating researchers complete all their information

correctly, the resulting data tables should be fully compatible and the unification of several
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data sets into a single database is just a matter of ,,copy and paste*. Accordingly, the DCT is

the only format that should be used for data transfer.

2.5 Problems and limitations

Despite supreme effort to ensure best usefulness of the here presented SRP, its implementa-
tion is characterized by inherent limits. Particularly, primary producers of raw materials and
also representatives of small handicraft manufactures often only have a limited comprehen-
sion of amounts of time and resources that they invest in the different work processes of
harvest, manufacture, transport, and sale. A standardization of investments per amount of
commercialized product is here rather seldomly applied and thus exact data on time and
money needed for each work process often remain unavailable. Time, that is invested in the
production and sale of individual products, may vary extremely, and also deriving stakehold-
er income may differ drastically among months and years, which should be considered when
performing an interview. Own observations should always be made, e.g., when interviewees
perform relevant work processes, such as harvest or other types of management (Guel &
Penn, 2009). Obtained interview data should be considered information from verbal reports
with well known associated problems, such as lack of objectivity, poor memory, or impre-
cise articulation. Therefore it is recommended to verify obtained interview data with help of
additional information sources (Yin, 2003), which may be literature, own observations, and
a comparison with data from similar studies or data obtained from other stakeholders that

participate in the same business.

In the here presented SRP some data (e.g., prices, amounts, cash income) are solicited inten-
tionally as duplicative entries in overlapping questions to later be able to evaluate the data
consistency. By that a rough estimation of the level of confidence for individual data entries
is possible; an internal control, e.g., through a closer look on the answers to the following
questions: ,,What is the total amount of the finished product that is sold per unit time?*,
,»What is the sales price per unit finished product?*, and ,,What is the total income from the
finished product per unit time?* In theory, the sold amount of a finished product per unit time
multiplied by the price should equal the revenue per unit time. In practice, however, there
may be minor or major discrepancies between these figures reprted by individual stakehold-
ers, which should be contolled, and data sets that were identified as incoherent should be
discarded.

By contrast, in more elaborate business sectors (e.g., the trade with palmito or tagua, see
Chapter 3.3.8 and Chapter 4.41), respondents of all stages of the production chain are gener-
ally well aware of exact figures on, e.g., trade volumes, costs, and benefits. However, often
there is limited willingness to share that information with outsiders, as there is a fear that

such information is misused by competitors; and some stakeholders simply consider data of
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that kind as confidential business secrets. Quantity and quality of confidable data obtained,
thus, depends largely on the interviewer‘s demeanour, performance, and commitment, apart
from the interviewee's knowledge and motivation, and scores from the data tests on consist-

ency, as mentioned above.

Overall, it is crucial to overcome the reluctance of stakeholders to share information, which
may be accomplished through a clear explanation of the motivation and objectives of the
study in order to build trust on the part of participating interviewees. It is important to ensure
that respondents understand that the interviewer‘s desire neither is to steal business secrets,
nor to establish restrictive regulations, or to affect the trade in palm products. The goal is to
obtain basic data, which is needed to be able to give recommendations and assistance in the
medium-term development of a healthy and sustainable market. Currently, many wild palm
species are exploited beyond sustainable limits. In order to ensure the continued existence of
the market for palm products and — if possible — to foster its medium-term growth, a sustain-

able use of raw material sources is of vital importance.

2.6 Perspective

Data on production and commercialization of palm products obtained from small industries
and commerce represent a meaningful basis for the description of the current situation and
the possible future development in the trade with palm products, and will be crucial for stud-
ies on sustainability and formulation of policies: In NW South America, the current wild har-
vest of palms is not sustainable and while harvested amounts and the relative and absolute
importance of exploited species largely remain unknown, it is very difficult to identify the
most relevant target species and thus formulate realistic strategies for conservation and re-
search in order to achieve sustainable commercial exploitation. Furthermore, while there are
numerous laws that regulate and limit the extraction of wild resources in the four countries
under study (Bolivia, Colombia, Ecuador, and Peru), there is only limited knowledge and
understanding of the actual effect of these laws. The here presented protocol was designed

with the purpose to partially fill this gap in our understanding.

Trade volumes and the relative and absolute importance of palm products are the most im-
portant arguments when confronting the administration and politicians with matters of re-
search, conservation, and sustainability policies. The more extensive and cohesive data on
production and marketing of palms are available, the more persuasive they will be to trigger

economic and political changes.
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3 Trade in Palm Products in North-
Western South America

3.1 Introduction

Conservation through use or through trade has been proposed as a key mechanism to pro-
vide incentives for the conservation of species and habitats by turning them into sources of
income (Peters et al., 1989; Wild & Mutebi, 1996). Sustainable harvest and trade of Brazil
nuts and rubber are examples of this. Reconciliation between conservation and rural devel-
opment can also be achieved via trade of genetic resources under access-and-benefit sharing
agreements ensuring back-flow of cash generated by the trade. The most direct approach
to conservation through use is sustainable trade of natural resources such as medicinal and
aromatic plants (MAPs), wild fruit, and fibres. Palms provide both palm wood and a wide
range of non-timber forest products (NTFPs). Many useful palm species occur in large,
dense stands and have large regenerative potential. In this way they constitute ecologically
and economically important natural resources that can be traded and may improve the liveli-

hoods for rural populations.

Palms provide many useful products and literally thousands of individual palm uses have
been reported in the scientific literature (see Balslev & Barfod, 1987; Bates, 1988; Balick &
Beck 1990; Bernal, 1992; Henderson, 1995; Moraes-R. et al., 1995; Johnson & the IUCN/
SSC Palm Specialist Group, 1996; Borchsenius et al., 1998; Macia, 2004; De la Torre et al.,
2008; Soler-Alarcon & Luna-Peixoto, 2008; Galeano & Bernal, 2010; Macia et al., 2011;
see also Table 3.1). These uses vary greatly in overall economic importance and trade levels.
Most species and many rawmaterials are used locally by ethnic groups and bartered outside
the cash economy, if traded at all. Other products are traded on a minor scale locally or
regionally, or on a wider, national scale. The most common use categories of traded palm
products are food (fruit, palm heart, vegetable oil; see Fig. 3.1), construction material (tim-
ber, thatch; see Fig. 3.2), raw material for handicrafts (mainly fibres and seeds; see Fig. 3.3)
and medicine (Borchsenius & Moraes-R., 2006; Sosnowska & Balslev, 2009).

A thorough understanding of value chains for palm products is crucial for the development
of current and future markets. There is much literature on palm use in tropical America
that provides insights into the socio-economic impact of palm products. Non-timber forest
products, including many palm products, are accepted as important sources of income for
rural dwellers, but quantitative information on the role that NTFPs play in local economies
is virtually non-existent (Padoch, 1987; Pinedo-Vasquez et al., 1990). There are few studies

on current trade volumes, the economic potential and the value chains.
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The aim of this review is to provide an insight into the volume of palm trade in north-western
South America, encompassing Colombia, Ecuador, Peru and Bolivia, and to assess its impact
at different economic levels. We also wish to clarify how far current extraction of palm re-

sources agrees with, or is amenable to the “conservation through use” principle. We will con-

Table 3.1 Focus species and their primary uses as treated in this review

Species Primary use(-s) Secondary uses ~ Trade level
Iriartea deltoidea timber fruit (food, local, regional,
(also Socratea (construction, beverage & international
exorrhiza) furniture) fodder), leaves
(thatch), seed
(handicraft)
Astrocaryum leaf fibre fruit (oil, food, local, regional,
chambira, A. malybo, (handicraft) beverage & international
A. standleyanum, A. fodder), press
murumuru, A. jauari cake (fodder)
Mauritia flexuosa fruit (food, fibre & seed local, regional
beverage, oil) (handicraft),
timber
(construction)
Oenocarpus bataua fruit (food, rhachis local, regional,
beverage, oil) (construction, international
handicraft)
Lepidocaryum tenue  leaves (thatch) - local, regional
Euterpe precatoria, palm heart (food)  fruit (food, local, regional,
E. oleracea beverage), seed  international
(handicraft)
Ceroxylon spp. leaves timber local, regional
(ceremonial) (construction)
Phytelephas seed (handicraft)  leaves (thatch),  regional,
aequatorialis, P. fruit (food, international
tenuicaulis, P. beverage,
macrocarpa fodder)

Bactris gasipaes

palm heart & fruit

(food, beverage)

local, regional
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Food from palms. (A—C) Mauritia flexuosa. a, habit (Iquitos region, Peru). (B) sale of aguaje
fruits at a fruit market in Lima (Peru). (C) stem wound. (D) suri, the edible larva of Rhyn-
chophorus palmarum. (E-1) Euterpe spp. products. e, preparation of pepiado near Isquandé
(Colombia). (F) agai soft drink (Iquitos, Peru). (G-I) palmito. (G) worker collecting palmito
(Colombia). (H) river mole as palmito collecting point (Colombia). (I) canned palmito in a
Peruvian shop.

34



!,

!

>

Fig. 3.2 Use

R ;
of palm products in construction

(A) Lepidocaryum tenue leaf piles for crisneja production. (B) Socratea exorrhiza stem
splits (vipas) for crisneja production. (C) crisneja plaiting. (D) stockpiled crisnejas, sales
unit e/ ciento (100). (E) roof ridge made of fronds of A#talea spp. (F) crisneja transport from
producing community to Iquitos (Peru). (G) shop for construction materials selling crisnejas
in Iquitos. (H) palm roof in an indigenous community near Iquitos. (I) palm roof made from
Geonoma deversa leaves, Parque Nacional de Carrasco (Bolivia).
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Fig. 3.3 Handicraft, pharmaceutical and cosmetical preparations from palms

(A-F) handicraft. (A) Astrocaryum chambira fibre extracted from young leaf shoot. (B)
freshly dyed fibre. (C) cord of twisted fibre. (D) bracelets made with chambira fiber, Phytele-
phas spp. endosperm or Euterpe spp. seeds. (Peru). (E) vase woven from Astrocaryum stand-
leyanum fibre (Colombia). (F) mats made from A. standleyanum. (G-1) cosmetics. (G) Oe-
nocarpus bataua mesocarp oil (aceite de majo, Bolivia) as hair tonic. (H) Attalea speciosa
(cusi) and Attalea phalerata (motacu) oils as hair tonic. (I) soap produced from Attalea
speciosa oil.
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centrate on the commercially most important and most intensively exploited native palms
across the major use categories in Bolivia, Ecuador, Peru and Colombia. These are Iriartea
deltoidea (timber), Astrocaryum spp. (fibre, fruit), Euterpe spp. (palm hearts, fruit; Fig. 3.1
G-1), Mauritia flexuosa (fruit, oil; Fig. 3.1 A, B), Oenocarpus bataua (fruit, oil; Fig. 3.3 G),
Lepidocaryum tenue (thatch; Fig. 3.2 A, C, D, F-H), Ceroxylon spp. (religious ornaments),
and Phytelephas spp. (vegetable ivory). Table 3.1 summarizes the most important species

and uses of South American palms as treated in this review.

3.2 Materials and Methods

We reviewed more than 200 publications on tropical American palm uses and trade, and
searched relevant websites (see literature list). Internet sites are the only up-to- date sources
on many currently traded palm products and their prices and were therefore extensively con-
sulted, in spite of their ephemeral nature and consequent disadvantages as sources. Special
attention was paid to trade with palm products in Bolivia, Colombia, Ecuador, and Peru.
The referenced information was organized into a number of Excel®-spreadsheets. A core
spreadsheet contained all product and species-specific information. Quantitative data were
converted into the metric system. Values and prices were calculated in US$ (exchange rate

as of November 2010). Scientific palm species names follow Govaerts & Dransfield (2005).

3.3 Results

3.3.1 Timber

Many tropical American palms have woody stems with hard and durable timber that is used
for floors, walls, roof beams, boards, furniture, fishing and hunting tools, fruit boxes, and
fence posts (Fig. 3.2 B, C, G-I).

Iriartea deltoidea, probably the most important palm species for timber in northwestern
South America, is common throughout our study area (Henderson, 1995). It is mostly old
palm trees that are cut since the quality of the timber increases with age, due to increasing
amounts of sclerified tissues (Borgtoft Pedersen & Skov, 2001). Iriartea timber is extremely
hard, durable and heavy, and mainly used for flooring and walls, and to a lesser extent for
(fence) posts, roof beams and furniture (Borchsenius et al., 1998; Borgtoft Pedersen & Skov,
2001; Moraes-R., 2004; Balslev et al., 2008). It is also used to make tools for cultivation,
hunting and fishing, banana props and fruit boxes (Barfod & Balslev 1988; Barfod & Kvist
1996; Anderson, 2004). Iriartea timber is increasingly used for handicrafts and furniture
(Anderson, 1998) and is sold on local and national markets in Colombia (Galeano & Bernal,

1987) and exported to the United States, especially from Ecuador and Colombia.

In Ecuador a 10 m stem of /riartea sold for 10 US$ in 1996 (Anderson & Putz, 2002; Ander-
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son, 2004). A skilled worker is able to harvest 20 stems per day, so palm timber harvest rep-
resents a good daily income, compared to the average daily pay for unskilled labour, which
is less than 10 US$ (Anderson, 2004). Little is known about retail prices of Iriartea timber
and furniture in South America, but in the United States /riartea-products are quite expen-
sive. An office desk sells for ca. 1,000 US$ and kegs for 18 US$ each (Anderson & Putz,
2002). The price for raw materials makes up only 2-3% of the price of the finished product.
Even when costs of transport, labour and additional materials are taken into consideration,
the retail price is high. The primary producer receives only a modest share of the profits gen-
erated and the raw material trade is strongly influenced by local limitations in infrastructure.
In Ecuador Iriartea has been depleted in several areas, not least since it requires an estimated
100 years to reach harvestable size and also because regeneration is poor in pastures and
fallows, where it is typically harvested (Wollenberg & Inglés, 1998). Efficient policies for
sustainable harvest and reforestation are not in place and the perspectives of Iriartea as a
source of income for local and regional economies are bleak. A “fair trade” arrangement, by
which the primary producers are guaranteed an adequate proportion of the final price, could
accelerate the process of depletion. A maintenance and possible development of the national
and international markets for Iriartea timber requires explicit and rigid harvest and refor-

estation strategies, based on reliable sustainability studies.

Ceroxylon timber is used for construction in Colombia (Alban et al., 2008; Galeano & Ber-
nal, 2010), but is not yet subject of large-scale export even if it is highly appreciated region-
ally. The trade with Ceroxylon timber is becoming highly lucrative because over-exploita-
tion is leading to rising prices. Where natural stands are almost depleted, a cultivated palm
stem fetches up to 50 USS$, as compared to 10 US$/stem in areas where natural populations
are still abundant (Pintaud & Anthelme, 2008). In Colombia, the stems of Ceroxylon quindi-
uense were formerly exploited as an important source of wax, however, this practice is now
rare (Madrifian & Schultes, 1995) and we have no information about trade volumes or prices

for this activity.

3.3.2 Thatch

All over tropical South America rural houses are thatched with palm leaves (Fig. 3.2) from
Euterpe precatoria, Geonoma deversa, G. orbignyana, G. macrostachys, Iriartea deltoidea,
Oenocarpus bataua, Phytelephas macrocarpa, Attalea butyracea and many more (Balslev
& Barfod, 1987; Henderson, 1995; Borchsenius et al., 1998; Flores & Ashton, 2000; Mo-
raes-R., 2004; Borchsenius & Moraes-R., 2006).

Lepidocaryum tenue (irapay) is probably the most important species used for palm thatch. It
is a small, rhizomatous, clonal palm occurring in lowland forest on terra firme, or on periodi-

cally inundated flood plains (Henderson, 1995; Scariot, 2001). Irapay is of particular impor-
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tance in the greater Iquitos region of Peru, where tens of thousands of houses are thatched
with its leaves. Although irapay leaves for thatching are of moderate economic importance
overall, they constitute the highest ranking NTFP in many communities in terms of percent-
age of total households marketing (31%) and contribute considerably to the local economy,
sometimes representing the most important source of cash income (Pyhild et al., 2006).
Locally, it may be the only NTFP contributing to household cash incomes (Mejia, 1992).
Due to its clonal reproduction it may occur at high densities and may even dominate terrace
palm communities (Vormisto et al., 2004; Balslev et al., 2010a). Irapay has distinct local
and regional markets, but does not reach national and international markets. Shingles con-
sisting of a slat with leaves attached to it are used thoughout the Amazon and are referred to
as crisnejas (Fig. 3.2 A—C; Mejia, 1983, 1988, 1992; Mejia & Kahn, 1996). Overall figures
for the trade in crisnejas and its regional economic impact are not available so far, but it is
evident that the local and regional socio-economic importance of crisnejas far surpasses its
importance at a national level. For the roof of a 35 m2 house 20,800 leaves are required. In
Peru, crisnejas are produced for local trade and sold at ca. 26 US$/el ciento (100 crisnejas;
Fig. 3.2 D) or it is transported to major towns (Fig. 3.2 F), e.g., Iquitos and sold for ca. 45
USS$/el ciento (prices for crisnejas with a length of 3 m with 40-60 leaves each, Brokamp
et al., 2010a; 20 USS for crisnejas of 2.2-2.5 m, Mejia & Kahn, 1996; see also Kahn &
Mejia, 1987; Mejia, 1992; Fig. 3.2 G). A detailed study by Warren (2008) reported slightly
different figures: Primary producers in the Iquitos region manufactured an average of 20-30
crisnejas per day and used 90—130 leaves for each crisneja. They earned 9-70 US$/el ciento
(= 1.80-21.00 US$ per day). Vendors in Iquitos sold an average of 2,955 crisnejas/month
with a profit range of 5-32 US$/el ciento and the consumers paid 23—-120 US$/e/ ciento. In
December 2009, primary producers of the Iquitos region used only approximately half the
number of leaves per 3 m-crisneja (40-60) for the crisnejas sold, but still used over 100
leaves on crisnejas for their own houses (Brokamp, personal observation). The number of
leaves used per (commercialized) crisneja (of 3 m in length) dropped from an average of ca.
100 (Warren, 2008) to an average of 50 (Brokamp et al., 2010a). With our limited data it is
unclear if the lower number represents a drop in the quality of commercialized irapay-thatch
in the last years in the Iquitos region. If there is a reduction in quality, this may be indicative

of incipient resource depletion or go back to other market forces.

The harvest impact of Lepidocaryum leaves is considerable. Individual plants produce on av-
erage less than two new leaves/a, of which only one can be harvested without damaging the
plant (Navarro, 2009; Navarro et al., 2011). Both sexual and clonal reproductive potentials
of irapay are low, but population growth rates are greater than or not significantly different
from 1.0, indicating populations maintained or increased in size in spite of the intensive har-
vest (Warren, 2008). Current levels of irapay harvest appear sustainable, but more detailed

long-term studies would be required to test this assumption (Warren, 2008). The mid-term

39



prospects for trade with this resource thus clearly depend strongly on the establishment and

maintenance of sustainable harvest strategies.

3.3.3 Leaves Used for Ceremonial Purposes

The yellow spear leaves or young unfolding leaves of several Ceroxylon species are har-
vested to produce traditional, religious ornaments for processions on Palm Sunday (Borch-
senius et al., 1998; Moraes-R., 2004; Pintaud & Anthelme, 2008; Galeano & Bernal, 2010;
Montufar, 2010). Harvest, processing and sale of Ceroxylon leaves is an attractive, albeit
highly seasonal, business. Individual leaves fetch ca. 0.5 USS$ in the field and 24 US$ when
processed into ornaments (Montufar, 2010). Detailed data on the value chains or the extent

of the trade in Ceroxylon leaves are not available.

3.3.4 Fibre

Numerous palms provide strong and durable fibres that are used for many purposes such
as fishing nets, brooms and brushes, hammocks, carpets, bags and baskets, jewelry cases,
adornments, and hats (Fig. 3.3 C-F). Fibre producing palms include Leopoldinia piassaba,
Aphandra natalia, Attalea colenda, Mauritia flexuosa and several species of Astrocaryum
(Balslev & Barfod, 1987; Henderson, 1995; Borchsenius et al., 1998; Kronborg et al., 2008;
Guel & Penn, 2009; Isaza-A. et al., 2010). Historically, fibres of Leopoldinia piassaba were
traded to Europe and were the economically most important source of palm fibres (Spruce,
1860). Nowadays, Leopoldinia fibres are of local importance only (Putz, 1979; Bernal,
1992; Lescure et al., 1992). In Europe palm fibres have been replaced by either plastic or, to
a smaller extent, other natural fibres from annual crops such as hemp, linen and millet. The
international trade in handicrafts, which includes mats and baskets made from palm fibres,
exceeds 1 billion US$/a (www.intracen.org, accessed 20.11.2010). However, the product
categories are rarely broken down and up-to-date export figures for palm-based handicrafts

are not available for any of the countries in our study region.

Astrocaryum chambira is common and produces leaf fibres used in handicraft production in
Amazonian Peru, Colombia and Ecuador (Borgtoft Pedersen, 1994; Holm Jensen & Balslev,
1995; Borgtoft Pederson & Skov, 2001; Gupta, 2006; Alban et al., 2008; Guel & Penn, 2009;
Isaza-A. et al., 2010). Astrocaryum malybo and A. standleyanum are important sources of fi-
bre in the Pacific lowlands of Colombia, Ecuador and Panama (Borgtoft Pedersen, 1994; Ve-
lasquez Runk, 2001; Linares et al., 2008; Garcia et al., 2010). Astrocaryum fibres are mainly
used as raw material in cottage industries for handicrafts contributing considerably to local
and regional incomes. In Colombia the annual export of handicraft amounts to ca. 400,000
USS$ and includes numerous palm products (www.intracen.org, accessed 20.11.2010). Ec-

uador had a considerable export of Astrocaryum standleyanum fibres and processed items
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made from these fibres in the 1980ies (1981-1991, mainly to Peru and Japan) reaching maxi-
mum volumes of 37 t/a (1987), corresponding to an export value of 80,000 US$/a (Borgtoft
Pedersen, 1994).

In Colombia, handicrafts made primarily of fibres extracted from A. malybo and A. standley-
anum are sold at local markets or at arts and craft fairs in the major cities (Torres-R., 2007;
Barrera-Z. et al., 2008). Retail prices are two to three times higher than the producer’s prices
and these do not adequately reflect the artisans investment of time and raw material (Torres-
R., 2007; Garcia et al., 2010). In Ecuador, where A. standleyanum is commonly left as a
shade tree in agroforestry systems, the potential annual harvest of young leaves ranged from
579 to 1158 kg/ha/a (with two leaves harvested/palm/a) and 1,158-4,060 kg/ha/a (with four
leaves harvested/palm/a), corresponding to 82—-289 US$/ha/a respectively 165-577 US$/
ha/a (based on market prices in April 1992; Borgtoft Pedersen, 1994). Both raw material
and manufactured fibre-products are commercialized: young leaflets, from which fibres are
extracted, are sold at 1.26—1.48 US$/kg, large hammocks are commercialized for 15 US$/kg
(at 3.7 kg equals ca. 4 US$/kg). It is reported that an entire family (two adults, four children),
preparing fibres and making hats as their main occupation, earned as little as 18 US$ per
week without deducting the expenses for production material. Conversely, the production
costs of the landowner employing harvesters at the minimum wage, is only about 15% of
the income he obtains from selling the fibres (Borgtoft Pedersen, 1994). In Colombia, there
is a growing concern about the sustainability of fibre extraction from Astrocaryum species,
which is an important source of income for households in the region. Several initiatives with
the purpose of encouraging sustainable fibre harvest and enrichment planting are under way
(Penn & Neise, 2004; Barrera-Z. et al., 2008; Guel & Penn, 2009; Torres-R. & Avendano-R.,
2009).

In Ecuador and Peru, Astrocaryum chambira fibres are extracted from young leaves and
processed manually. Harvest, fibre processing and handicraft production are often done by
those who sell the finished products directly to the consumer. After separation of fibres they
are bleached in hot water, washed and left in the sun for drying and further bleaching over
1-2 days (Fig. 3.3 A) (Bianchi, 1982; Paymal & Sosa, 1993; Holm Jensen & Balslev, 1995;
Coomes, 2004; Linares et al., 2008; Guel & Penn, 2009; Brokamp et al., 2010a). Dying with
natural or artificial dyes (Fig. 3.3 B) and twisting of fibres into thread (Fig. 3.3 C) requires
an additional day. For a single hammock 1.8 kg fibre is required, which takes three, 8-hour
working days to prepare. Lack of raw material and lack of time are the primary limiting
factors for production of chambira based handicrafts. Therefore basic mechanization could
undoubtly increase the volume and economical impact of the entire industry. In coastal Ec-
uador, for comparison, simple machinery has made processing of A. standleyanum fibre
dramatically more efficient (Borgtoft Pedersen, 1994; Holm Jensen & Balslev, 1995).
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The overall production time for a single chambira hammock is 5-8 days (Vormisto, 2002;
Coomes, 2004) and it sells for 10—75 USS$ in retail shops. The highest prices are fetched in
towns with more tourist visitors (Holm Jensen & Balslev, 1995; Castano et al., 2007), but
most handicrafts are bartered to river traders or merchants in the towns in exchange for daily
goods. The trade is poorly organized due to the remoteness of the processing sites, much to
the disadvantage of the primary producers. In Peru, the producer obtains the highest price
when handicrafts are sold directly to tourists (hammock 9.5-30 USS$, bag 1-5 USS$), much
less when selling to an intermediary in Iquitos (hammock 7.6-9.5 USS, bag 0.8-3.0 USS),
and least when selling or bartering to river traders (hammock 5.0-7.6 US$, bags 0.8-1.9
US$) who visit the producing communities (Vormisto, 2002; Coomes, 2004). The situation
is similar in Ecuador, where retailers buy carrying bags for 1.5-5.0 US$ and sell them for
2.5-10 USS$, and buy hammocks for 12.5-15.0 US$ and sell them for 20-50 US$ (Holm
Jensen & Balslev, 1995). In some parts of Peru and Ecuador the sale of chambira products
represents a monthly income of (0—)82(—275) US$/household or 300400 US$/household/a
(Coomes, 1996; Coomes & Barham, 1997; Brokamp et al., 2010a), which constitutes a large
proportion of the overall cash income (Coomes, 2004). The sale of chambira handicrafts
is the most important source of cash income in many lowland communities in Colombia,
Peru and Ecuador (Bennett et al., 1992; Borgtoft Pedersen & Balslev, 1992; Vormisto, 2002;
Castafio et al., 2007). The local use and sale of hammocks from Astrocaryum chambira,
however, is limited, and cotton hammocks are often preferred, even in communities that

produce chambira hammocks (Vormisto, 2002).

Further development of the Astrocaryum fibre market depends on the availability of raw
material. Traditionally, entire palms were cut down to harvest the fibres, which has led to a
severe decrease in population density in many areas. The most heavily exploited species are
becoming increasingly rare in some areas due to destructive harvesting practices (Velasquez
Runk, 2001; Coomes, 2004; Torres-R., 2007; Garcia et al., 2010). Fortunately, there are also
several reports of simple nondestructive harvest methods (e.g., Borgtoft Pedersen, 1994)
in some regions (Holm Jensen & Balslev, 1995; Torres-R., 2007; Garcia et al., 2010). It is
increasingly being realized by local communities and public authorities that Astrocaryum
fibres may be a finite resource, unless the species is sustainably managed. As a consequence,
several initiatives have been started to resolve management issues and associated problems,
such as land tenure (Guel & Penn, 2009). As in the case of Lepidocaryum thatch, the national
economic importance of Astrocaryum fibres may be limited, but it still makes up one of the
most important sources of cash income for many households in rural Colombia, Ecuador and
Peru. The local and regional socioeconomic importance of Astrocaryum palms is therefore
considerable (Bodmer et al., 1997). In some areas, artwork and handicraft are driving local
economies and the demand for chambira fibres is steadily growing (Guel & Penn, 2009).

Furthermore, there is a growing market for chambira fibres abroad, especially in France and
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Germany. Clothes are now made of a mixture of alpaca wool and chambira fibres (Www.
ponchisimo.com, 10.09.2010). The future prospects for this unique fabric and other novel

application of chambira fibre are, at present, difficult to judge.

3.3.5 Palm Heart

Palm heart, palm cabbage or palmito is a specialty vegetable, obtained from several palms
(Fig. 3.1 G-I). It is extracted from the crownshaft, formed by the overlapping, tubular leaf
sheaths, and consists of the immature, etiolated leaves. The nutritional value of palm heart
is low, but it is a good source of dietary fibre (Mora-Urpi et al., 1997). Palm heart is one of
the economically most important non-timber forest products exported from north-western
South America and the single most important edible palm product from native palms in this
region. The volume of the world trade in palmito was 132.6 Mio US$ in 2008, with annual
growth rates of 16% during 2004-2008 (Anonymous, 2009). Originally, single-stemmed
Euterpe edulis from Brazil was the most important species delivering palmito, probably fol-
lowed by Prestoea acuminata and Euterpe oleracea from Ecuador. Euterpe edulis is now
rare and commercially extinct due to overharvesting (Kahn & Henderson, 1999; Backes
& Irgang, 2004) and Prestoea acuminata has also suffered severely (Borgtoft Pedersen &
Balslev, 1990, 1993). Palmito currently entering international markets is harvested from
wild populations of Euterpe precatoria (mainly in Peru and Bolivia) and E. oleracea (mainly
in Colombia and Brazil). The market share of palm heart extracted from plantation grown
Bactris gasipaes is, however, growing and mainly so in Ecuador and Costa Rica. Already in
the second year of production, B. gasipaes orchards yield ca. 1.35 t/ha/a palmito (Mora-Urpi
et al., 1997). Palm heart is traded at all economic levels. France is the main port of entry into
Europe. Euterpe precatoria has been considered as one of the economically most important
native species in Peru due to the high sales prices fetched for palm heart (Stagegaard et al.,
2002).

Until recently, the bulk of traded palm heart was obtained by destruction of wild palm stands.
After the depletion of E. edulis in Brazil, E. precatoria, another singlestemmed species,
largely replaced it in trade. Multi-stemmed E. oleracea is also exploited, but to a smaller
extent. Since E. oleracea is able to regenerate after cutting, it is theoretically amenable to the
development of sustainable management techniques (Vallejo et al., 2010, 2011). Recently,
palmito from cultivated Bactris gasipaes is replacing palm heart from Euterpe species har-
vested from the wild. This has happened both on the domestic markets in Colombia and the
export markets, where Ecuador and Costa Rica are the main players. Palm heart production

based on wild Euterpe oleraceas is still considerable in Colombia, mainly for export.

Because of its economic importance, palm heart is probably the best understood palm re-

source in South America, although some studies fail to distinguish between palm heart ob-
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tained from the different species. In both Bolivia and Peru a massive industry was built up in
the 1990ies for canning palm hearts that were extracted mostly from the native E. precatoria
(Mejia, 1992; Stoian, 2004; Vormisto, 2002). In 1991, Peru exported 677 tonnes of canned
palm hearts (Fig. 3.1 I) valued at over 1.5 Mio US$ (Anonymous, 2000). At this era palm
heart was considered a product of great national importance (Pyhéla et al., 2006). Based on
data obtained from a single canning factory in Iquitos (interview by C. A. Grandez R.) trade
peaked during the years 19962000, with a production of ca. 1,000 t/a and a value of up to
3.8 Mio US $/a. Subsequently, the annual production of palm heart decreased to 142 t/a in
2002 with a value below 300,000 US$/a. Since then there have been signs of slow recovery.
If we assume the average weight of the individual palm hearts to be 500 g, the production

figures of a single canning company in a peak year corresponded to 2 Mio felled palms/a.

In Colombia, export of palm heart is essentially based on Euterpe oleracea, which is har-
vested from the wild, whereas palm heart for domestic consumption is either extracted from
cultivated Bactris gasipaes (Janer, 2002a, 2002b) or imported from Ecuador. Exact trade fig-
ures are not available, but export volumes for E. oleracea apparently peaked in the 1980ies,
when nine canning factories processed 80,000 stems per day, which corresponds to nearly
30 Mio palms/a at a value of >4 Mio US $. Production dropped dramatically in the 1990ies
(Vallejo et al., 2010). Between 2000 and 2009 exports ranged from less than 3 t/a at a value
of < 7,000 US$ (2003) to more than 500 t/a at a value of nearly 1.5 Mio US$ (2007; www.
proexport.com.co, accessed 20.11.2010). This corresponds to a total of ca. 5 Mio felled
palms/a based on an estimated average weight of 100 g per E. oleracea palm heart. Since E.
oleracea 1s a multistemmed palm it produces new suckers from the base, unlike E. precato-
ria, which is single-stemmed and does not recover from the harvest. Detailed studies of the
value chain in Colombia are not available. In Colombia the average harvest rate per person
is 150 stems/day, and the price fetched by the harvester is 0.1 US$/stem, and the average
monthly income for a harvester working 3—4 days a week is 122—-162 USS§, corresponding to
approx. half the minimum wage of 262 US$/month (Vallejo et al., 2010). Primary producers
thus earn little from harvesting palm heart in Colombia, a situation that will persist as long

as there are no alternative sources of income for the population groups concerned.

Palm heart trade is particularly well studied in Bolivia (Anonymous, 2010a). Until 1993 ex-
traction rates were moderate (500,000 palm hearts/a), but increased dramatically to 7.3 mil-
lion palm hearts/a in 1997 (Stoian, 2000) and subsequently dropped to less than 1.5 million
palm hearts/a in 2004 (Stoian, 2004). Export of palm heart from Bolivia reached a maximum
of 12 Mio USS$ in 1997 and 1998 (Anonymous, 1999), making it the second most impor-
tant non-timber forest product after Brazil nuts. In 2008, Bolivia exported a total of 3,580
tonnes of palm heart worth 9.4 Mio US$ (Anonymous, 2010a). Most Bolivian palm heart
was harvested from wild stands of Euterpe precatoria. In any given area typically 90% of the
mature trees were felled during the harvest period (Zuidema & Boot, 2000; Stoian, 2004).
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The minimum age of the trees felled for palm heart was estimated at 70 years and the aver-
age age at 90 years (Pefia-Claros, 1996; Zuidema, 2000). Recovery of natural stands is slow.
Under favourable conditions full population recovery is achieved in 75-80 years (Zuidema
& Boot, 2000). Cultivated stands of E. precatoria are ready for harvest after 5-6 years
(Villachica, 1997) or 12 years (Kahn & de Granville, 1992; Stoian, 2000b), which puts the
destruction of wild populations into perspective as particularly irresponsible. Uncontrolled
harvest will inevitably lead to depletion of natural stands (Kvist & Nebel, 2001). Palm heart
extraction for trade in Bolivia is highly lucrative for local communities, in spite of the fact
that the collector receives only 2—-6% and intermediaries 3.4% of the retail price of the final
product (Stoian, 2004). The break-down of the income derived from the export of canned
palm heart from Bolivia to Brazil is as follows: retailers (40—52%), wholesalers (13-36%)),
exporters (14-21%), and canning plants (8.3-16.9%; Stoian, 2004). Nevertheless, 21% of
the benefits generated by export of palm heart are returned to rural areas in northern Bolivia
(Kahn, 1988). Destructive harvest of palm heart from Euterpe precatoria has led to large-
scale destruction of the natural stands in Bolivia and Peru (Pena-Claros, 1996; Moraes-R.,
1998), and probably also in Ecuador and Colombia. The collapse of the Bolivian canning
industry was, however, largely due to poor sanitary conditions in the canning plants and

external economical factors such as currency crises in importing countries (Stoian, 2004).

Ecuador used to export large quantities of wild harvested palm heart from P. acuminata and
E. oleracea (ca. 900 tonnes in 1991) at a commercial value of 1.5 Mio USS$. Today, wild har-
vested palm heart only plays a minor role (Borchsenius & Moraes-R., 2006) and Ecuador’s
palm heart trade is mainly based on cultivated Bactris gasipaes (Anonymous, 2000, 2009;
Anonymous, 2010a). The volume of the palm heart trade in Ecuador has increased stead-
ily since 1997 at which time it was worth 12 Mio US$/a (Anonymous, 2000). In 2008, the
export alone reached a value of 72.7 Mio US$/a. Ecuador is now the largest exporter provid-
ing 55% of the canned palm heart in international trade, followed by Costa Rica with 20%
(Anonymous, 2009). Palm heart harvested from the wild is loosing importance on interna-
tional markets. In Colombia wild harvested palm heart provided <1% of the internationally
traded palm heart in 2008. The corresponding figures for Peru and Bolivia are less than 3.5%
and 7.5%, (Anonymous, 2010a). Unsustainable wild harvest of palm heart may soon lose its

socio-economic importance.

3.3.6 Fruit

Several palm fruits are part of the staple diet of rural populations in north-western South
America. Palm fruits are rich in starch, high-quality protein and oil, but low in acids and
sugar and have high nutritional value (Balick & Gershoff, 1981; Balick, 1985, 1986, 1992;
Boraet al., 2001; Miranda et al., 2008; Jacobo et al., 2009; Oboh, 2009). They are consumed
unprocessed, boiled, blended with water, or used as fodder for domestic animals. Palm fruits

are traded locally, regionally and, to a lesser extent, nationally. 45



Bactris gasipaes (peach palm). The most important palm fruit in tropical America, B. gasi-
paes, is widely cultivated and doubtfully known from the wild (Clement & Arkcoll, 1985;
Clement & Mora-Urpi, 1987; Blanco-Metzler et al., 1992; Mora-Urpi et al., 1997; Borgtoft
Pedersen & Skov, 2001; Couvreur et al., 2007; Balslev et al., 2008). The yield may reach
20-30 t/ha/a in well managed stands (Mora-Urpi, 1979). Numerous land races differ in fibre,
oil, and carotene contents, and fruit size (Henderson, 2000; Clement et al., 2004; Jatunov et
al., 2010). Bactris fruits have a high content of carbohydrates (60—80% dry weight; Mora-
Urpi et al., 1997) and the starchy fruits are boiled and consumed directly in large quantities
(Borchsenius & Moraes-R., 2006). Numerous attempts have been made to process the fruits
further into products such as flour and fodder due to their high carbohydrate content. Some
of these products have already entered the market (Mora-Urpi et al., 1997; De Oliveira et al.,
2006). However, in spite of domestication and intensified research on Bactris gasipaes, the
market has developed little in the past decades (Clement et al., 2004).

Mauritia flexuosa. Wild populations of M. flexuosa (aguaje or buriti) are an important source
of'edible palm fruit in north-western South America, next only to cultivated Bactris gasipaes
(Peters et al., 1989; Penn, 2008). Mauritia flexuosa has a wide distribution in north-western
South America and is also very common in Brazil. It often forms extensive, monodominant
stands, called aguajales, in periodically inundated areas. The total area of aguajales in Peru
alone is estimated at 5.3 million ha of which five million are in the Department of Loreto. In
natural habitats the trees reach the fruiting stage in about 8 years and maintain a high pro-
ductivity for 30—40 years, after which productivity declines. A mature female tree produces
ca. 290 kg of fruit/a (Anonymous, 2005). In Roca Fuerte, Peru, the annual harvest of aguaje
fruits is 1 t/ha (Macuyama-R., 2008) and the productivity of wild aguajales in Colombia
may be 9.1 t/ha/a and that of plantations 19 t/ha/a (Castafio et al., 2007). Fruiting of Mau-
ritia flexuosa (Fig. 3.1 A) is aseasonal, with a peak that differs among localities (Navarro,
2006). Aguaje forms part of the staple diet in lowland Peru and Brazil with large turn-overs
of fruits at local and regional markets, whereas the markets in Bolivia, Ecuador and Colom-
bia are comparatively small (Castafio et al., 2007; Holm et al., 2008). The export market is
negligible constituting less than 1% of the production in Peru. Traditionally, aguaje fruits
form an important part of the diet of Amerindian groups (Delgado et al., 2007). The trade
has recently expanded to markets of major towns and aguaje is increasingly being sold in
the capital Lima. The main market is in Iquitos, however, where fruits are sold in various
degrees of processing: crude, cooked, as aguaje soft drink called aguajina, or in fermented
form, ice creams, popsicles (chupetes), or frozen in plastic bags (Kahn, 1991; Mejia, 1992;
Del Castillo et al., 2006; Navarro, 2006; Delgado et al., 2007). Aguaje flavoured ice cream
is a major product, mainly sold in the Iquitos region, but also in Pucallpa and Lima (Rojas-
R. et al., 2001). Harvesting of aguaje fruits represented the third most important economic
activity for households in Roca Fuerte, Peru, in 2002, accounting for 31% of the cash income

and involving 75% of the households (Manzi & Coomes, 2009).
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Aguaje fruits (Fig. 3.1 B) are sold in Iquitos in bags of 3540 kg. Several fruit varieties are
recognized on the market. Aguaje shambo with a thick, red mesocarp is the superior quality.
Another variety is ponguete, with a more yellowish pulp. Varieties with particularly thick
mesocarp are collectively referred to as aguaje carnoso (Ruiz-M., 1991). Additional de-
scriptive terms such as aguaje de color and posheco are also used. Prices vary according to
season. During peak harvest time (July—October) they are sold for 0.06—0.07 US$/kg and in
the low season for 1.5-1.7 US$/kg (Anonymous, 2005). This price difference is partially re-
flected in retail prices for the masa de aguaje (pulp), which is used for ice cream. The price/
bag (600-700 g) varies between 0.5 and 1.2 US$/kg (Rojas-R. et al., 2001; Anonymous,

2005) over one season, depending on the supply and demand. These prices are similar to
those reported from Colombia (ca. 0.5 US$/kg; Castano et al., 2007) and Bolivia (0.28 US$/
kg, personal observation G. Brokamp and M. Mittelbach). Prices also depend on fruit matu-

rity and fruit quality.

Harvesters typically sell aguaje fruits to riverboat traders in their home villages, or wholesal-
ers in Iquitos (Macuyama-R., 2008) and in Peru there is a complex market pattern for both
processed pulp and unprocessed aguaje fruits (Anonymous, 2005). For each type of finished
product the value chain included both primary collectors, several levels of intermediaries,
wholesalers, street vendors and retailers. Intermediaries (mayoristas) in Iquitos may subcon-
tract patrones in local communties, who in turn subcontract collectors. The harvest is sent by
boat from the collection sites to markets in the vicinity of the Iquitos river ports. There are
also intermediaries in Iquitos (rematistas) buying aguaje directly off the boats and barges.
Sometimes they even use speedboats to meet the aguaje boats before they reach Iquitos and
purchase the fruit with cash. The amounts bought typically range between 10 and 30 bags
per person and the sellers are typically independent collectors without a business network
in Iquitos. The aguaje is resold, either to other intermediaries, or directly to the consumer,
usually through family members. A number of small enterprises have specialized in selling
fruits, masa de aguaje (i.e., pulp), or processed products such as ice cream. A major part of
the fruit entering the markets are cooked in street kitchens and sold as a snack (Del Castillo
et al., 2006).

Detailed data for sale and consumption are not available and estimates vary, since informal
street vending makes up a major proportion of the aguaje commerce. It has been suggested
that approximately 30 tonnes of aguaje are consumed daily in Iquitos, roughly equivalent to
the fruit obtained from just over 100 trees. This translates into a per-capita consumption of
2.14 kg/month (Anonymous, 2005) and an estimated annual overall consumption of 10,000
tonnes corresponding to the annual yield from ca. 38,000 trees. Other estimates suggest a
consumption of 150—660 tonnes per month (5-22 tonnes per day; Garcia & Pinto, 2002;
Delgado et al., 2007) and an annual trade for all of Peru of 10,000 tonnes, of which only a
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tiny fraction is exported (<1 t/a; Santa Natura, www.aguajeperuano.blogspot.com, accessed
05.09.2010). Seasonal fluctuations in prices, differences in aguaje varieties as well as details
of the value chain leading to the finished product are not fully understood. A conservative
estimate indicates that the raw aguaje trade in Iquitos alone is worth around 550,000 US$/a
(based on lowest price of 2 US$ and an average weight of 37.5 kg/bag). However, it may be
several times higher — reaching 2.5 Mio US$/a under the assumption of an average price of
9.5 US$/bag and an average weight of 37.5 kg/bag. The overall economic impact including
processing, transport and retail will likely be several times higher and may reach several
million US$/a.

Destructive, large-scale harvesting is depleting this seemingly inexhaustable natural re-
source. Every year 24,000-200,000 palms are cut down with the sole purpose of harvesting
the fruits. Mauritia is dioecious and since only the mature, female trees are cut down for
their fruit, the proportion of male and juvenile trees is steadily increasing in the accessible
aguajales. The market is contracting in many regions of Peru because readily accessible
aguajales have largely disappeared and only a small number of productive female plants
remain for fruit extraction (Guel & Penn, 2009). Prices in Iquitos are rising due to an in-
creasing demand in combination with a reduced supply. Fruit quality is highly variable and
the best varieties such as shambo are cut down first (Manzi & Coomes, 2009) and they are
becoming increasingly rare in the wild and on the market. Furthermore, the natural aguaje
stands are genetically impoverished since only trees producing low-grade fruits are left to
reproduce. Large-scale degradation of aguajales and concomitant genetic erosion pose im-
mediate threats to future attempts to commercially develop this promising resource. Non-
destructive harvesting techniques must be introduced to stop this direct and indirect resource
depletion. Considering the popularity of aguaje fruits, semi-domestication, domestication
and cultivation in agroforestry systems (Penn & Neise, 2004) will probably be the only op-
tions for meeting the current and future demand. Aguaje orchards would not compete with
other crops, since Mauritia grows on marginal lands, such as swamps, that have little agri-

cultural potential.

Euterpe spp. Agai, the fruits of E. precatoria and E. oleracea, has developed from a minor lo-
cal product into an international commodity in the past 10 years. In southwestern Colombia,
fruits of these Euterpe species are highly appreciated and sold for ca. 0.36 US$/kg in March
2010 (Vallejo et al., 2010). The market potential for Euterpe precatoria fruits is promising.
This species produces 13-20 kg fruits/plant/a (Bovi & de Castro, 1993), which represents
a commercial value several times higher than that of its palm heart. The fruits of Euterpe
precatoria are traded locally in Amazonian Colombia at a price of 0.54 US$/kg (Castaiio et
al., 2007). In Bolivia fruits for oil extraction are sold by street vendors for 0.36 US$/kg. The
corresponding price on the retail market is 0.57 US$/kg. For local collectors this is a lucra-
tive business, since they are able to harvest 50 kg in 3 h (Madre Tierra de Amazonia/I[PHAE,
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pers. comm.), corresponding to an income of ca. 6 US$/h. Individual palms of E. oleracea
may produce nearly 27 kg fruit/a. This is equivalent to a market value of 9.8 US$/palm/a
(on the local market), which is considerably more lucrative than the once-only income of 0.1
US$/stem obtained by felling the tree to obtain the palm heart (Vallejo et al., 2010). When
palmito production based on Euterpe oleracea was at its peak in Colombia in the 1990’ies,
a single year’s palm heart harvest removed fruits corresponding to an approximate market
value of 290 Mio USS$. Although this amount of fruit likely would have exceeded the local
market capacity at the time, they could have formed the basis for an export business. In Bra-
zil, the agai export became important over a decade ago and individual companies now pro-
duce up to 1,000 t/a (www.acai-mania.com, accessed 20.11.2010) and agar fruits constitute
the single most important food item (by weight) in certain communities in Brazil (Murrieta
et al., 1999). Fruit harvest is, however, seasonal and can not provide a continuous income to
rural populations, in contrast to the aseasonal harvest of palm heart. In pulp production only
about 30% of the Euterpe fruit is retrieved. The pulp is sold both locally and regionally, for
example to agail ice cream factories at about 2 US$/kg in Bolivia (Madre Tierra de Amazo-

nia/[PHAE, pers. comm.).

Recently, acai pulp was introduced to the Asian, European, and US markets, as an ingredi-
ent in “energy drinks” (www.calidris28.com, accessed 12.11.2010), fruit juices and yogurt
(Coisson et al., 2005; Sabbe et al. 2009a, 2009b). It is widely traded in the US and gaining
market shares in Europe (e.g., in Germany) with considerable market potential (Sabbe et
al., 2009a, 2009b). Managing agai is highly profitable in Brazil (Muiiiz-Miret et al., 1996).
For one hectare of orchard the profit ranged from 896 to 1,814 US§$/a, after deducting leas-
ing expenses. The agai market is currently dominated by E. oleracea from Brazil (Vallejo
et al., 2010) with an estimated production of at least 480,000 t/a (Rogez, 2000; Brondizio,
2008). The estimated volume of the international market of ag¢ai pulp was approx. 30,000
metric tons in 2007 (www.biocomerciosostenible.com/Boletin2.html, accessed 17.10.2010),
and rising fast. One website (www.alibaba.com, accessed 20.11.2010) lists 38 wholesalers
of acgai pulp, of which 24 are based in Brazil and five in India. Wholesale prices vary from
6 to 270 US$/kg and individual companies can deliver up to 2,000 t/a. Retail prices for fruit
powder in Europe and North America vary from 70 US$/kg for large orders to 100-340 US$/
kg for smaller orders. Promotion of agai products is boosted by alleged high contents of
phenolic compounds with beneficial “antioxidant” properties (Schauss et al., 2006; Pacheco-
Palencia et al., 2008), although health authorities such as EFSA (Anonymous, 2010b) re-
gard these claims with considerable scepticism and recent studies revealed that various acai
drinks are only slightly higher in antioxidants than, e.g., apple juice, and considerably lower
than other and cheaper fruit juices (Seeram et al., 2008). The current boom may therefore be
short-lived, but it is difficult to predict how the overall agai market will develop in a longer

time perspective.
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The largest and most accessible stands of E. precatoria and E. oleracea have been mostly
destroyed for pa/mito harvest. The palms are also still commonly cut down for fruit harvest
in rural areas throughout north-western South America. This practice terminally precludes
ecologically and economically sustainable development of this valuable resource (Velarde
& Moraes-R., 2008). A sustainable development of markets for wild harvested a¢ai depends
on the introduction of sustainable harvest policies. Also, the perishable fruit needs speedy
transport to processing plants, and overall a considerable degree of technical sophistication

and development will be required to establish a major agai industry in the Andean countries.

The prospects for palm fruits as a commodity in the food industry depend on a variety of fac-
tors such as availability of raw materials, formation of prices, harvest practices, and sustain-
ability of resource management. The high tocol and carotenoid levels may also provide an

opening to the lucrative health food and functional food markets on the international level.

3.3.7 Palm QOil from Native Species

There is much interest in oil from palm pulp and kernels (Pesce, 1985; Lleras & Coradin,
1988; Bereau et al., 2001, 2003; Jacobo et al., 2009; Montufar et al., 2010). Although oil
contents are often low, palm oil production per area is potentially high for native palms,
reaching 0.5 t/ha (Lleras & Coradin, 1988). Most native palm oils have a fairly conventional
fatty acid composition, with chain lengths of (6—)16—18(—24) of mainly saturated fatty acids.
Many palm kernel oils are rich in lauric acid (C12), and, based on their fatty acid composi-
tion, most fall within the lauric and myristic acid subclass and the palmitic acid subclass,
which are primarily of interest as texture agents added to cosmetics and food (Dubois et al.,
2007). The fatty acid composition of most tropical American palm oils is similar to many
known and widely used oils, but some palm oils are very high in tocols and carotenoids.
Due to these particular properties, palm oils may be subject to further market development,
provided that they are critically evaluated for negative side effects and that technologies for
extraction and processing are refined. The market potential of native palm oils is currently

severely limited by their generally high price (Table 3.2).

Attalea phalerata, A. speciosa, A. maripa, and A. butyracea are locally exploited in Bolivia
to produce oils that are primarily used in cosmetic preparations at small and medium scale,
but they could also be used in human consumption (Borchsenius & Moraes-R., 2006). In
Bolivia, fruits of Attalea speciosa (cusi) for commercial processing are currently sold at 0.05
US$/kg and the oil is sold for about 30 US$/kg in bulk sale and 29 US$/liter in retail sale.
Cusi oil is primarily used in soap, cosmetics and shampoo (www.indelcusi.com, accessed
20.11.2010; Fig. 3.3 H, I). The oil is marketed professionally as hair care product (www.
oleunsbeauty.com, accessed 20.11.2010). Due to a particularly high percentage of lauric acid

the demand for these oils for the use in cosmetics may increase in the future.
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Table 3.2 Current prices and availability of palm oils

Some palm oils as raw materials for the cosmetics market (researched on the websites indi-
cated, 10.11.2010)

www.100amazonia. ~www.100amazonia. WWW.oca- www.camdengrey.
com com brazil.com com
Species, type (FOB, wholesale, (minimum order/- (retail, US$/kg) (wholesale and
US$/kg) supply limit/year) BRAZIL retail, US$/kg)
BRAZIL BRAZIL UsS

Palm kernel oil

- - - 3.7—6.6
(Elaeis guineensis)
Palm oil, bulk

- - - 3.7—6.6
(Elaeis guineensis)
Coconut oil fractionated

- - - 7.5—13.1
(Cocos nucifera)
“Babassu/Babagu‘ oil
(Attalea speciosa as - - 166 8.0—17.4
Orbignya oleifera)
“Tucuma” seed butter/oil
(Astrocaryum aculeatum 7.50—9.00 200/20,000 85 29.7—48.5
as A. tucuma)
“Acai” butter/oil

80.00—120.00 50/50,000 400 34.9—52.0
(Euterpe oleracea)
“Murumuru” butter
(Astrocaryum 12.95—16.69 200/50,000 85 45.7—83.8
murumuru)
“Buriti” Oil
21.88—23.75 200/50,000 166 -

(Mauritia flexuosa)

Mauritia mesocarp oil has high B-carotene, a-tocopherol, and oleic acid contents and re-
sists oxidation, which is highly appreciated by the food and cosmetic industries (Lleras &
Coradin, 1988; Santos, 2005; Vasquez-Ocmin et al., 2010). Oil from the seed has a high
concentration of @6 (linoleic acid), which is known to prevent negative effects of oxidation
(Véasquez-Ocmin ef al., 2010). In Bolivia, an experimental plant for palm oil extraction uses
30 kg of Mauritia flexuosa fruits to produce 1 1 of buriti oil (Madre Tierra de Amazonia/IP-
HAE, pers. com.). Prices are high due to these meagre yields. In Brazil, 1 1 of buriti oil is cur-
rently sold for 23-26 US$/kg in wholesale and for 130-210 US$/kg on the European retail
market (www.regenwaldladen.de, accessed 20.11.2010; www.seasonsskin.com, accessed
20.11.2010). Due to the high prices buriti oil is imported into the US and Europe mainly for
use in skin and hair care products (www.thebodyshop.co.uk, accessed 20.10.2010; www.

oleunsbeauty.com, accessed 20.11.2010).
51



Oenocarpus bataua is widespread in north-western South America and represents a major
natural resource (Balick, 1985; Kahn, 1991; Moraes-R. et al., 1995; Miller, 2002; Montufar
& Pintaud, 2006; Castano et al., 2007; Orihuela-Ardaya, 2009). Fruits are harvested from
the wild, often by felling the trees (Vasquez & Gentry, 1989; Borgtoft Pederson & Skov,
2001; Miller, 2002; Stagegaard et al., 2002). A large proportion of the fruit is consumed lo-
cally (ca. 40% in Bolivia, Departments of Beni & Pando), the remaining part is processed in-
dustrially for oil (Fig. 3.3 G) or ice cream (Orihuela-Ardaya, 2009). Near densely populated
areas the abundance of Oenocarpus bataua is rapidly decreasing. As a consequence fruits
are rare on local markets and prices are rising (Vasquez & Gentry, 1989; Miller, 2002; Gupta,
2006). The fruiting cycle of Oenocarpus bataua is biennial and fruit set is relatively low. The
yields in natural Oenocarpus stands in Peru and Ecuador range from 0.7 to 1.3 t/ha/a, which
corresponds to ca. 50-100 kg of oil/ha (Kahn, 1991; Miller, 2002). On the Pacific coast of
Colombia fruit yields were ca. 0.23 t/ha/a (Castafio et al., 2007). In Amazonian Colombia
there is a considerable market for fresh fruits, which are sold at 0.54—1.6 US$/kg (Castafio et
al., 2007). The fruits are sometimes preserved and used for jams, ice creams and soft drinks
(Vasquez & Gentry, 1989; Borgtoft Pederson & Skov, 2001; Alban et al., 2008; Balslev et
al., 2008). Avaluable oil is extracted from the mesocarp with a yield of 6.5-12% of the fruit
fresh weight. It is reminiscent of olive oil in fatty acid composition and contains high levels
of tocopherols (Montufar et al., 2010). Oenocarpus oil is consumed by humans and used in

cosmetic preparations (Gupta, 2006).

The use of Oenocarpus oil is not new. A considerable export market existed in the early
20th century, when 100-200 t/a where exported from Brazil and Colombia to the USA and
Europe. However, this market collapsed due to changes in market structure and destructive
harvest (Balick & Gershoff, 1981). There is currently an enormous interest in developing the
market for Oenocarpus oil, and the commercial potential is generally considered as high,
even for regional and national markets (Mejia, 1992). In Peru, it is regarded as one of the
most promising palms from a commercial point of view (Kahn, 1988, 1991). In 1996, the un-
refined oil sold for 10—11.66 US$/liter and the purified oil for 32.50—40 US$/liter in Ecuador
(Miller, 2002). The net value of the total amount of unrefined oil that can be obtained from
a one hectare grove in 1 year varies between 500 USS$ and 1,166 US$ and for the refined oil
it may be as high as 4,000 USS$ (in 1996 prices). The total market value of the Oenocarpus
fruits themselves was estimated to be 115.92 US$/ha/a (Pyhila et al., 2006). A study of one
hectare of forest at Mishana, RNAM, Peru recognized Oenocarpus fruits as the single most
important non-timber forest product, accounting for 35% of the household income (Pyhéla
et al., 2000).

Cosmetics containing Oenocarpus oil are being marketed at a minor scale via the internet
and on organic markets (Bio ferias) in Lima (www.mishkiperu.com, accessed 20.10.2010).

In Bolivia, there are several projects dealing with industrial processing of Oenocarpus
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bataua fruits (Miranda et al., 2008). One of the areas with a well developed market for Oe-
nocarpus bataua fruits is Riberalta in Bolivia. Collectors here sell 12-90 kg of fruits per day
at a price of 0.26 US$/kg (Ortiz Camargo, 2007). According to different sources, 25-37 kg
of fruits are required to obtain one liter of filtered oil (Madre Tierra de amazonia/IPHAE,
pers. com.). The fruit required costs up to 9.5 US$/liter when purchased on the local market,
and the overall production costs are estimated at 26 US$/liter (Miranda et al., 2008). Retail
prices for the oil in La Paz are around 78 US$/liter, which means that the costs of the raw
material make up less than 12% of the retail price of the finished product. Oenocarpus oil
is a lucrative product for the national market, even when additional costs for packaging and
transport are considered. In Colombia, the retail price of the oil is 1-1.25 US$/kg and thus
much lower (Castafio et al., 2007). Ecuador has already engaged in exports of Oenocarpus
oil to Europe, where it is used for cosmetic purposes (www.eza.cc, accessed 20.11.2010),
mainly in haircare products (www.aromandina.com, accessed 10.11.2010; www.rahua.com,

accessed 20.11.2010; www.eza.cc, accessed 20.11.2010; www.ainy.{t, accessed 20.11.2010).

The cake that remains after oil extraction of palms is highly nutritious, with elevated levels
of protein (nearly 20% in Attalea speciosa) and/or carbohydrates (nearly 85% in Bactris
gasipaes). The cake is commonly traded locally as animal fodder. Animal nutrition is under-
developed in many South American countries and programmes focussing on the dual use of
palm fruits for the extraction of palm oil and processing of the press-cake into high-quality

animal fodder could have high socio-economic impact.

Improvement of the industrial processes involved in the oil extraction may contribute to re-
ducing production cost. The high vitamin contents of some native palm oils may also be of
importance on the domestic markets, due to serious problems with malnutrition and vitamin
deficiency especially in the poorer part of the population. Nevertheless, the prospects for a
large scale export of native palm oils for human consumption are not promising, since it is
unlikely that they will be competitive in price and quality, compared to numerous established
vegetable oils. Current prices for native palm oils are not competitive on the international
market for food and food ingredients (Table 3.2).

3.3.8 Vegetable Ivory

Vegetable ivory is the collective term for the hard endosperm of palms, which is rich in hemi-
celluloses and oil. In South America this product is obtained from species of Phytelephas,
especially: P. macrocarpa (Peru and Bolivia), P. aequatorialis (Ecuador) and P. seemannii
(Colombia). Vegetable ivory or tagua has a long history in international trade. Exports started
in the 19th century and were mainly directed to Europe (Acosta-Solis, 1948; Pérez-Arbelaez,
1956; Barfod, 1989; Barfod et al., 1990; Borgtoft Pedersen & Balslev, 1990, 1993). Tagua

was among the five most important export commodities from both Colombia and Ecuador
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in the second half of the 19th century (Acosta-Solis, 1948; Bernal, 1992). Vegetable ivory
can be readily turned, carved, polished and stained (Hofmann, 1995) and used for handi-
crafts (Fig. 3.3 D) and buttons. In Colombia, fagua trade started to decline around 1920 and
by 1935 the industry had virtually disappeared. In Ecuador, exports peaked around 1929
reaching 25,000 t/a, valued at over 1.2 Mio USS$, equivalent to about 15 Mio USS$ in present
day prices (Borchsenius & Moraes-R., 2006). Similarly, 1,000-2,000 tonnes of Phytelephas
macrocarpa were exported from Peru between 1920 and 1940, mainly for the manufacture
of buttons (Anonymous, 2002). During and after World War II the international demand
for tagua dropped dramatically, because it was replaced by plastics (Barfod, 1989). Lately,
since the 1990ies, the fagua trade is increasing again (Borgtoft Pedersen & Balslev, 1990,
1993; Piilschen, 2000). In 1991 the overall value of the vegetable ivory products in Ecuador
was estimated at 4.2 Mio US$ (Borgtoft Pedersen & Balslev, 1990, 1993) and tagua is now
exported from Ecuador, Colombia and Peru, mainly for the button industry. Manufacture of
tagua buttons is usually wasteful since only 5-7% of the dry weight of the palm endosperm
is retrieved in the finished product. Traditional fabrication (late 19th century) of tagua but-
tons was less wasteful and 3 kg of raw material went into the production of 1 kg of buttons
(Hofmann, 1995).

In 1995, Ecuadorian harvesters received 4.35-6.25 US$ for one quintal (ca. 50 kg) of ta-
gua and derived 40% of their monthly income from this product alone (Velasquez Runk,
1998). Phytelephas aequatorialis is the most important palm in terms of availability and
accessibility, sustainability of the harvest as well as present and future commercial value
(Borgtoft Pedersen & Skov, 2001). In Peru, there is an incipient market for tagua, based on
P. macrocarpa. Peru exported 1.45 tonnes in 2002 increasing to 5.73 tonnes in 2005. The
dehusked endocarps containing the seed are bought from village communities at 0.1-0.2
US$/kg depending on size (Navarro, 2006) and they are resold for more than 12 US$/kg,
which is 60—-110 times the price paid to the primary producer. The retail price for dried,
unprocessed nuts in Ecuador is roughly 4-7 US$/kg depending on size (www.nayanayon.
com, accessed 20.11.2010). On the German retail market individual fagua nuts weighing
30 g are sold for 3.5 USS, which corresponds to 115 US$/kg (www.taguagalerie.de, ac-
cessed 20.11.2010) or 600 times the price paid to the primary producer. In Europe, buttons
made from fagua are gaining market shares in designer clothing. Individual tagua buttons
(slice of nut with 2 holes, otherwise unprocessed) are sold at retail prices of 0.9-2.5 USS$ in
Germany, more elaborate designs for 6.75 US$ or more. In Ecuador, simple beads are sold
for up to 90 US$/kg, more elaborate designs are sold for up to 929 US$/kg. On the German
retail market carved figurines and boxes may fetch over 4,000 US$/kg (www.taguagalerie.
de, accessed 20.11.2010), which is more than 30,000 times the value of the raw material in

Peru and Ecuador.
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Phytelephas stands vary in density and productivity (Navarro, 2006). Phytelephas aequato-
rialis produces 4 t/ha/a in Ecuador, Phytelephas seemannii groves produce 2.25-12 t/ha/a in
Colombia. In a forest reserve of 394 ha near Iquitos, Peru, vast populations of Phytelephas
macrocarpa produce 0.77-1.67 t/ha/a. A conservative estimate for the average productivity
of the entire area is 1.22 t/ha/a (Navarro, 2006). Thus, the resource available to the local
communities can, under ideal circumstances, generate more than 60,000 US$ worth of raw
material every year, corresponding to a potential export value of ca. 6 Mio US$ (in 2005
prices). The seeds are collected from the ground after rodents have eaten the mesocarp which
represents sustainable harvest. If harvested before full maturity the vegetable ivory will be
of inferior quality and lacks the characteristic colour and lustre (Borgtoft Pedersen, pers.

comm.).

3.4 Discussion

3.4.1 Trade

Colombia, Ecuador, Peru and Bolivia all have a considerable international trade in palm
products, and although exact figures are lacking, it is clear, that the two main products are
palm heart (palmito) and vegetable ivory (tagua). For each country export values of these
commodities amount to several million USS. The fruit of Mauritia flexuosa is the third most
important palm product in terms of market volume. This is surprising, since it has a distinctly
regional value chain and the trade is concentrated in the greater Iquitos region of Peru. Other
South American palm products are subject to inreasing international trade. Oils derived from
other native palm species are gaining importance but have a much smaller share of the inter-
national market. At present, Brazil is the key player on the rapidly growing market for acar’

fruits and a key-player on the aguaje market, not least due to development of new products.

The remaining palm products are exported in much smaller amounts and trade is difficult to
quantify, since they do not appear in export statistics or are included in wider categories, to-
gether with non-palm products (e.g., handicraft). Furthermore, trade at the national, regional

and local levels is not usually captured in official statistical surveys.

The best example of a really well-developed and massive regional trade in palm products is
the Mauritia flexuosa fruit market in Peru. A number of products derived from these fruits
are traded in tremendous volumes throughout the year. The processing industry is diversi-
fied and value chains are often complex. Mauritia flexuosa, in both its crude and processed
forms, is traded within Peru, with a growing market in cities far away from Iquitos, such as
Lima. Mauritia flexuosa is the economically most important palm species in Peru. A com-
plex evaluation system for fruit quality for different uses is in place, but technical sophistica-

tion of the industry is low. This is particularly true for harvesting techniques, which remain
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destructive and have caused and continue to cause a severe decline of the most valued palm

populations.

There are also budding regional and national markets for several native palm oils such as
those derived from Oeonocarpus bataua, Mauritia flexuosa, and various species of Euterpe,
Attalea, and Astrocaryum. Extraction techniques are still primitive and inefficient. Produc-
tion costs and prices are high, reaching more than 20 USS$ per kg, so these palm oils may not
develop into major commodities at national or international markets. However, native palm
oils are increasingly used in cosmetics, both within the countries of origin and abroad. Na-
tional markets in “native” cosmetics are rapidly growing. Perhaps as a consequence of rising

prices, some companies have been able to meet acceptable quality standards.

Palm fruits are important at local and regional levels as food. They have high contents of
oil, starch and protein and elevated carotenoid and tocol levels. This composition of nutri-
ents makes them suited for both human consumption (staple diet, functional foods and food
additives) and animal fodder, since malnutrition still constitutes a serious problem in north-

western South America.

Palm thatch represents another flourishing regional market for palm products. Thatch is a lo-
cally important product that is sold outside the region of origin, generating considerable cash
income for producers and middlemen in Iquitos. Whereas the value chain and technology
are well understood, the overall volume of this trade remains poorly known. Like other palm
products in the Amazonian region of north-western South America thatch often constitutes
the most important cash income for individual small-holders or entire communities. Similar-
ly, handicrafts made of palm fibres or palm fruits may play a minor role at the national level
and a moderate role at the local and regional levels, but they are crucial for the livelihoods in
the communities where they are harvested and processed. Thus, several palm products (A4s-
trocaryum chambira fibre, Oenocarpus bataua and Mauritia flexuosa fruit, Lepidocaryum
leaves, Phytelephas nuts, etc.) provide the only or most important sources of cash income
(often >30% of the entire cash income) for numerous local communities and are crucial for
local — and sometimes regional — economies. Trade volumes, as measured in metric tons
and US$ and as captured in official statistics, therefore do not adequately reflect the socio-

economic importance of these products and grossly underestimate their importance.

3.4.2 Value Chains

Value chains are heterogenous, depending on product type, market penetration and the num-
ber of middle men involved. Value chains may differ even within the same region and for the
same product. The bulk of palm products is marketed directly, i.e., the family that harvests

the product sells it directly to the consumer at the local market. If processing is involved
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(manufacture of handicraft, processing into oils, etc.), then this will typically be carried out
by family members. The primary producer then receives the added value (gross benefit). For
handicraft sold at the national level a relatively high proportion of the retail price percolates
back to the primary producers (4Astrocaryum chambira carrying bags, Ecuador: 50-60%;
Astrocaryum chambira hammocks, Ecuador: 30-60%; thatch, Peru: 55%). The proportion
of the price for the raw material for the domestic industry going back to the sourcing price
for the raw material is still considerable (e.g., 12%, Oenocarpus bataua fruit for oil extrac-
tion, Bolivia). With increasing trade volumes and industrialization, the costs of raw material
in relation to the retail price becomes increasingly reduced. For canned palm heart (Bolivia)
and furniture from Iriartea timber (Ecuador) the corresponding figures are only 2—-6%. In
Peru, the price fetched by the primary producer of the unprocessed vegetable ivory nuts is
only 1.6% of its export price (FOB) and 0.1% of the price for nuts sold on the German retail
market. Most of the profit is thus typically generated further up in the value chain, and often

abroad.

3.4.3 Sustainability

Colombia, Ecuador, Peru and Bolivia have all implemented legislation for prohibiting “non-
sustainable” use of forest resources (De la Torre ef al., 2011). There is, however, little evi-
dence that these laws have a noticeable effect on how resources are managed. Legislation is
largely ineffective, because the bulk of the trade in palm raw materials is informal. One posi-
tive example, however, is the apparently effective legal protection of species of Ceroxylon
against overharvesting of leaves for ceremonial purposes (Galeano & Bernal, 2010). Also,
vegetable ivory is being marketed based on presumably sustainable management practices
to make it more attractive to the incresasingly large segment of ecologically conscientious
consumers. In spite of the marginal percentage of the retail price being returned to the pri-
mary producers, there is a rising awareness of the value of this resource and the importance
of protecting it against overharvesting. Lepidocaryum leaves for thatch are increasingly be-
ing harvested using sustainable management practices. Fibre extraction from Astrocaryum
is also increasingly managed sustainably instead of destructively. However, contrary to the
intentions of legislation, the bulk of the trade in native palm products in north-western South
America is still largely based on destructive harvest of wild populations, even in cases where

this is not necessary (Bernal et al., 2011).

A rough estimate based on the scattered annual production figures suggests that a minimum
of several tens of million palm trees are cut down annually and, for the main part, unneces-
sarily to obtain fruits or leaves. Rising prices and reduced availability of raw materials is
already widespread in a range of products such as timber and Oenocarpus and Mauritia
fruits. Much of the palm extraction is therefore based on shifting extraction practices. New
areas are harvested every year and the resources are already depleted near villages and urban

areas. 57



The palm heart industry provides a particularly well-researched example of nonsustainable
resource exploitation. Currently, tens of millions of palms are destroyed every year to de-
liver a limited quantity of a specialty vegetable. In terms of biomass destroyed in relation
to biomass used, palm heart harvest is inherently destructive and wasteful. It is difficult
to envisage how sustainable wild harvest should be managed, without causing a massive
increase in the price of the raw material. Sustainable wild harvest is likely not an economi-
cally viable alternative. Replacing wild palm heart with palm heart from plantations may be
desirable from a conservation point of view, since it reduces the pressure on native stands.
However, large-scale cultivation has negative side effects such as clearance of forest and
loss of income for local farmers involved in the wild harvest. Furthermore most of the profits
generated by palm heart plantations typically end up in the hands of large land owners and

private companies.

Unless destructive harvest is replaced by non-destructive practices, which are available for
almost all of the species, even the most common palms such as Mauritia flexuosa, Oeono-
carpus bataua and Euterpe spp. will face commercial extinction. Since destructive harvest is
often selective, the best-quality trees are lost from the gene pool. As a consequence, genetic
resources rapidly degrade and reduce the options for future resource development. Figures
concerning the relative abundance of destructive harvest as opposed to sustainable harvest
for other major palm products are not available, but are urgently needed for adequate re-
source management. There is a growing understanding of the negative impacts of destructive
harvest and progress has been made in several regions towards implementing more sustain-
able harvest techniques. Small enterprises, such as “Madre Tierra de Amazonia (supported
by IPHAE)” and “Indelcusi” in Bolivia and “Mishki” in Peru make an effort to ensure the
sustainability of the palm products that they sell. Behind these enterprises are often NGOs,
such as the “Fundaciéon de amigos de la naturaleza” (FAN), WWF in Bolivia, or the “Rain-

forest Conservation Fund” (RCF) in the Iquitos region in Peru.

3.4.4 Conservation through Use

Many palm products have developed markets at various economic levels. Products such
as timber, fibre, fruit and vegetable ivory, could likely increase their market share under
adequate management of the resources, the value chains and the market. High productiv-
ity per area and local abundance of palms delivering a range of raw materials make them
ideally suited for “conservation through use”. Overall, the development, establishment and
control of sustainable harvest techniques are probably the most important requirements for
positive mid-term developments. Possible threats against this scenario are bad governance,
corruption, and uncertainty of land tenure. Serious impediments in both policy making, law
enforcement, and research will have to be overcome to develop the full potential on an eco-

logically and economically sustainable basis. Also, the value chains will need to be adjusted,
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so as to ensure that primary producers receive an adequate share of the overall benefits. This
has to go hand in hand with strict policing and the clarification of contentious issues such as
land tenure and ownership of the resources - otherwise higher profits will be an incentive for
the informal and destructive harvest.

3.5 Conclusions and Recommendations

A wealth of studies exists on trade of native palm species in north-western South America,
here used as a collective term for Bolivia, Colombia, Ecuador and Peru. In this review we
focused on palm products of major economic importance on the local, regional, national, and
international markets, attempting to cover major use categories. It is surprising that details
on trade volumes and value chains remain incompletely documented, considering the socio-
economic impact of palms to the livelihoods of millions of rural dwellers in South America.
North-western South American palms provide a range of products that potentially could
sustain flourishing industries. Many palm species are suited for production of vegetable
oils, food supplements (high vitamin contents) and animal fodder (high protein and carbo-
hydrate contents) and several species deliver valuable timber for construction, tool making

and handicrafts.

The future of markets for native palm products is difficult to predict. Palms that were recent-
ly considered of marginal importance now deliver international commodities such as agai
fruits. Vegetable ivory once played a major role on the world market, but was substituted by
plastics. Recently, this unique material has been rediscovered and now forms the basis of a
booming industry. Resource depletion may, however, present a serious future impediment.
Already with present trade volumes wild stands of several palm species cannot sustainably
satisfy the demand. Another challenge is the ability of the primary producers to deliver raw
material in predictable quantities and uniform qualities. Large-scale production for food,
food additives and animal fodder will require preselection and propagation of cultivars with
desirable characteristics. There will be an increasing pressure to move from extractivism to
agricultural production with increasing trade volumes, either via agroforestry or plantations.

This is particularly true for smaller and more densely populated countries, such as Ecuador.

We foresee that an increasing demand for any given palm product will not lead to a propor-
tional increase of the income and hence increased socio-economic benefits in rural areas. It
should be noted that destructive harvest and value chains are intricately linked: the commeri-
cal value of palm products inadequately reflects the true value of the raw material in terms of
availability and sustainability of harvest. Unfortunately, the benefit obtained by the primary
producers is often so small that they are not encouraged to engage in sustainable (and more

laborious) management and harvesting techniques.
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Although market developments for timber and fibre have not been fully researched, our
research suggests that technological innovation is needed to develop the industry beyond
handicrafts. As for palm products used for food and cosmetics the problems are equally
clear. Since most palm fruits perish quickly, the time of transportation between the harvest-
ing and proccessing sites should be minimized, which is often difficult in the Amazon region
and represents a serious logistic problem. Extraction of native palm oils is still carried out
in technically unsophisticated ways, with fluctuating yields and poor-quality oils as a result.
There have been numerous attempts to develop state-of-the-art extraction techniques, but
an overall coordination is missing. Fruit production is mostly seasonal, which means that
processing facilities can only be used part of the year, which in turn makes it difficult to re-
coup investments. The obvious solution to this problem is making the manufacturing plants
more flexible, so that they are able to process several kinds of palm fruits (and possibly other
crops). A major development of national and international markets will remain impossible as
long as production and transport costs are as high as they are at present. The rapidly grow-
ing market for acai fruit somewhat contradicts this, but we believe that prices are currently
inflated by overstated health claims. Concerted action should be taken to ensure stable sup-
ply and uniform quality of native palm products at all levels of commercialization. Growing
markets can only be served by the formation of cooperatives or direct-sourcing partnerships.
Fair-trading could be an efficient marketing instrument to assure that benefits are funneled

back to the primary producers and harvest occurs on a sustainable basis.

Fierce competition within South America represents a major obstacle for the countries in-
cluded in this review in their attempts to obtain market shares. Brazil has already taken the
lead, and is a serious competitor regarding all major palm products exported from Peru, Bo-
livia, Ecuador and Colombia. The low prices for vegetable ivory on the world market are at
least partly due to competition between different north-western South American countries.
A similar situation will probably arise as new products are developed — and rapidly copied

elsewhere.

4 Productivity and management of
Phytelephas aequatorialis (Arecaceae) in
Ecuador

4.1 Introduction

Tropical ecosystems harbor thousands of useful plant species that are harvested and used on

a daily basis by rural communities and which play a major role in securing the livelihoods
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of numerous people (Balslev, 2011). Palms stand out as a plant group of particular impor-
tance and usefulness in north-western South America (Macia et al., 2011); production and
commercialization of palm-derived non-timber forest products (NTFPs) often represents the
most important or only source of cash income for local communities and individual house-
holds (Brokamp et al., 2011), apart from the direct use and consumption of palm resources
for subsistence. Accordingly, the commercial exploitation of palms is often fundamental for
the ability of rural communities to participate in the cash economy in such crucial areas such
as health care, education, and technology. However, the legal and administrative framework
regulating the extraction and trade of NTFPs is complex and sometimes contradictory (de la
Torre et al., 2011). This, together with the absence of policing, contributes to a widespread
overharvesting and mismanagement of palm resources in the Andean countries (Bernal et
al.,2011).

Phytelephas aequatorialis Spruce is a dioecious multipurpose palm endemic to western Ec-
uador where it grows from sea level up to 1500 m a.s.l. on the western slopes of the Andes
(Barfod, 1991a; Borchsenius et al., 1998). In western Ecuador most natural forests had been
cleared or degraded already 20 years ago (>95%; Dodson & Gentry, 1991) and the remaining
forests are highly fragmented (Sierra, 1999; Weigend et al., 2005). Phytelephas aequatorialis
occurs naturally in tropical rain forests and in (semi-)deciduous forests and cloud forests and
is particularly common in disturbed areas and along rivers, including periodically flooded
areas, where it often forms dense populations — the so-called taguales. Phytelephas aequa-
torialis was often spared when forests were cleared for agriculture and pasture (Fig. 4.1 A)
because of the commercial value of this palm (Borgtoft Pedersen & Skov, 2001). Therefore,
P aequatorialis is now mainly found as a component of anthropogenic land-use systems
replacing the original forest, particularly in the provinces of Manabi and Esmeraldas where
it is a common component of pastures and mixed agroforestry systems (Fig. 4.1 C), together
with cacao (Theobroma cacao L.), coffee (Coffea arabica L., C. canephora Pierre ex A.
Froehner) and many other crops (Velasquez Runk, 1998; Lozada et al., 2007). The stands
on the floodplains of the lower Rio Santiago in Esmeraldas (Fig. 4.1 E) are long and narrow
(40-50 m wide) and limited to the natural levee along the river. In such places P. aequatoria-
lis 1s often subject to heavy management resulting in low regeneration and many more adult
females than males (Velasquez Runk, 1998). Since the populations of this species are de-
creasing in parts of its range it has been listed as “near threatened”, i.e., according to IUCN
criteria it is close to qualifying for or is likely to qualify for a threatened category in the near
future (Montafar & Pitman, 2003). The species does, however, also occur in protected areas,
including the Machalilla National Park, and the nature reserves Mache-Chindul, Cotacachi-

Cayapas and Buenaventura.

The palm is commercially exploited mainly for its hard endosperm, known as vegetable

ivory (marfil vegetal or tagua in Spanish), but also for its leaves, that are used for thatch and
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are locally called cade (Borgtoft Pedersen, 1994). Vegetable ivory has a long history in in-
ternational trade (Brokamp et al., 2011). Exports started in the 19th century, peaked in 1929
and dropped dramatically during and after World War II, mainly because vegetable ivory
was replaced by plastics (Barfod, 1989). Since the late 1980s vegetable ivory has become a
significant source of income again (Velasquez Runk, 1998) and the price for fresh, unpeeled
seeds increased notably in the last two decades, from 1.50 US$ in 1988 (Barfod et al., 1990)
up to 5-15 USS per quintal in 2011 (quintal = 45.36 kg). Exports of vegetable ivory reached
a value of 14 million USS$ in 2011, mostly as tagua discs (animelas) for the manufacture of
buttons (BCE, 2012). This makes vegetable ivory the second most important product from
native palms in Ecuador, after palm hearts (Brokamp et al., 2011). Besides the use of veg-
etable ivory for animela production there is an extensive handicraft industry of figurines,
jewelry, buttons, etc. and fagua is also used as industrial abrasive (Gonzales et al., 2012)
and as natural component in latex paint (Salazar Villon, 2006). Overall, vegetable ivory is a
raw material perfectly suited for the environmentally conscious or “green” consumer market
(Velasquez Runk, 1998). Therefore demand for vegetable ivory will likely continue to grow
in the future. Corresponding trade figures on commercialization of leaves are not available
since this commercial activity takes place at a local scale not captured in official statistics
(de la Torre et al., 2011).

Phytelephas aequatorialis is typically associated with a rich fauna feeding on the fleshy
mesocarp, but not on the seed itself. This fauna includes squirrels (Sciurus aestuans L.),
agoutis (Dasyprocta spp.), deer (Odocoileus virginianus Zimmerman), opossums (Marmosa
spp.), porcupines (Coendou spp.), and pacas (Cuniculus paca L.), some of which hoard seeds
in their burrows and act as the species’ short distance dispersers (Barfod, 1991b; Velasquez
Runk, 1995). The mesocarp is used locally as feed for domestic animals, to attract game, in
traps for fish and rodents, and for human consumption (Koziol & Borgtoft Pedersen, 1993;
Macia et al., 2011). It is also used for extraction of edible oil, but only to a minor extent
(Montafar & Brokamp, 2011). Seed predation can be serious, especially in the highlands,
and includes infestation by termites (Veldsquez Runk, 1995) and bruchid beetles (Borgtoft
Pedersen, 1995).

A productivity analysis over one year failed to demonstrate any influence of environmental
variables on leaf or infructescence productivity (Veldsquez Runk, 1998). In this paper we
present data on productivity derived from 365 tagged individuals in six localities ranging
from the coastal lowlands to the Andean slopes at 1400 m a.s.l near the upper elevational
limit of the species. This study specifically addresses the following questions: 1) Does leaf
and infructescence production in P. aequatorialis vary under different ecological conditions
such as altitude, exposure to sunlight and type of management? 2) How does leaf harvest
affect fruit production? On the basis of data on these topics, we hope to be able to suggest

sustainable management practices.
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Fig. 4.1 Habitats and habit of Phytelephas aequatorialis

(A) Pasture (plot III). P aequatorialis often represents the only woody component in pas-
tures. (B) The globular infructescences were marked with paint. (C) P. aequatorialis in a
mixed agroforestry system. (D) Disintegrating infructescence (mococha) of P. aequatorialis.
(E) Dense P. aequatorialis stand (taguales) on the floodplains of the lower Rio Santiago area
in Esmeraldas (where the agroforestry plot is located). (F) Seeds of P. aequatorialis on the
ground.
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4.2 Materials and methods

4.2.1 Study area

Observation on commercial uses, marketing, management practices and distribution were
carried out throughout coastal Ecuador. We tagged 365 individuals of Phytelephas aequato-
rialis at six localities with different types of management (forest, pasture, and agroforestry)
in the provinces of Cotopaxi, Esmeraldas and Manabi (Table 4.1). Population structure, and
production of leaves and fruits were assessed in three plots situated on the Andean slopes
(plots I, III, V) and three plots in the lowlands (plots II, IV, VI) using plot V as control for
plot III (comparing the impact of leaf harvest). In three plots (II, III, IV), both male and
female palms were tagged; in the other plots only females were tagged. Plants for which
the sex could not be determined were excluded. Plots II and IV are located in an area that
provides vegetable ivory for the factories in Manta and Portoviejo and there is a notable
commercialization of leaves for thatch. In plot II leaves are harvested annually, while in
plot IV the population of P. aequatorialis lies within a private nature reserve and since 2003
and there has been only sporadic harvest of leaves and fruits. Voucher specimen: Borgtoft
Pedersen 67303 (AAU).

4.2.2 Field data

Field data was collected in 1991-1993 and again in 2011-2012. Details on production and
marketing of vegetable ivory and leaves for thatch were obtained through 50 interviews of

local harvesters, farmers and stakeholders mainly in the province of Manabi (using the pro-
tocol of Brokamp et al., 2010b).

In five of the six plots, all palm individuals were registered and classified as seedlings (small
plants still connected to the seed or bearing undivided leaves), juveniles (acaulescent plants
with divided leaves), sub-adults (immature, caulescent palms), or adults (reproductive,
caulescent palms) (following Balslev et al., 2010b). In plot V, acting as control for impact of

leaf harvest on fruit production, only adult, female palms were registered.

Immature infructescences with a diameter >20 cm (>4—6 months old) were marked by paint-
ing the surface of one fruit in each infructescence (Fig. 4.1 B). After one year new infructes-
cences were painted with a different color. Leaves were marked with a string or ribbon
placed around the spear leaf and when plots were revisited the number of new leaves was
counted as number of expanded leaves encircled by the marking. In addition three younger
but fully expanded leaves were marked with paint on the petioles and the following data
were recorded: number of leaves, number of infructescences and inflorescences, and expo-
sure to light (see Table 4.1).
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Table 4.1 Study areas

descriptive data from six plots with marked individuals of Phytelephas aequatorialis in western Ecuador. Vegetation types according to Holdridge
and collaborators (1971). Exposure to light was estimated visually on a scale from 1-5 (mean+SE), 1 indicating total shade and 5 total exposure
to sun light. aequatorialis in western Ecuador. Vegetation types according to Holdridge and collaborators (1971). Exposure to light was estimated
visually on a scale from 1-5 (mean+SE), 1 indicating total shade and 5 total exposure to sun light

Plot (region, Location Land-use and vegetation type Exposure to light #tagged Treatment
observation period) individuals

I Forest plot (highland, = Prov. Cotopaxi, on the Disturbed old growth forest Low exposure (mean: 19 female No treatment
November 1991- West Andean slopes at with palms in partial shade. Wet = 2.440.2)

November 1993) 1400 m alt. Near Palo lower montane forest.

Quemado, 10 km from
pasture/harvested plot
(00°22°S, 78°55’W).

II Forest plot (lowland,  Prov. Manabi, Junin at 93 Secondary forest (after 10 years Low exposure (mean: 70 female Only sporadic
November 2011- m alt. Near road entry to of recovery). P. aequatorialis female: 2.6+0.1; male: 98 male harvest of leaves and
November 2012) Balsa Tumbada (00°56°S, population with native 2.7+0.1) fruits.
80°14°W). vegetation and remnants of
unmanaged cash crops. Tropical
dry forest.
III Pasture plot Prov. Cotopaxi, on the Pasture with most individuals of High exposure (mean: 20 female Leaves harvested for
(highland, November West Andean slopes at P. aequatorialis growing in a female: 4.7+0.1; male: 19 male thatch from all
1991-November 1993) 1325 m alt. Near San stand with little grazing 4.7+0.1) tagged individuals
Francisco de Las Pampas between palms. Wet lower (4.6 leaves were left
(00°26°S, 78°57°W). montane forest. intact in the course
of harvest).




Table 4.1 Study areas (continued)

Descriptive data from six plots with marked individuals of Phytelephas aequatorialis in western Ecuador. Vegetation types according to Holdridge
and collaborators (1971). Exposure to light was estimated visually on a scale from 1-5 (mean£SE), 1 indicating total shade and 5 total exposure
to sun light. aequatorialis in western Ecuador. Vegetation types according to Holdridge and collaborators (1971). Exposure to light was estimated
visually on a scale from 1-5 (mean+SE), 1 indicating total shade and 5 total exposure to sun light

IV Pasture plot Prov. Manabi, between Pasture with scattered High exposure (mean: 38 female Leaves harvested for
(lowland, November Canuto and Calceta at 37 m individuals of P. aequatorialis, female: 4.5+£0.1; male: 30 male thatch from all
2011-November 2012)  alt. Near road entry to some cash crops, and native 4.6+0.1) tagged individuals
Mocoral (00°49°S, trees. Flat land. Tropical dry every year. Last
80°08’W). forest. harvest in September
2010. Seeds
collected.
V Pasture plot Prov. Cotopaxi, on the Pasture with scattered High exposure (mean: 21 female No treatment
(highland, November West Andean slopes at individuals of P. aequatorialis. ~ 4.5+0.2)
1991-November 1993) 1400 m alt. Near Palo Wet lower montane forest.
Quemado, 10 km from
pasture/harvested plot
(00°22°S, 78°55°W).
VI Agroforestry plot Prov. Esmeraldas, at 5 m Agroforestry system with Mixed exposure (mean 50 female No treatment

(lowland, May 1992—
November 1993)

alt. On the banks of Rio

Santiago, near Maldonado

(01°04°S, 78°54’W).

cultivated and spontaneously
growing species. Canopy
formed by large trees in some
parts and by P. aequatorialis in
other parts. Moist tropical
forest.

for 28 palms with
exposure <3: 2.3+0.1;
mean for 22 palms with
exposure >3: 3.9+0.2)
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Tagged palms in the three highland plots were checked five times during two years and
in the lowland agroforestry plot only at the end of the observation period, after 1.3 years.
Tagged plants in plots Il and IV were checked every second month during one year counting
the number of infructescences shed, the number of new infructescences, the number of new

leaves, and the phenological state of each individual was noted.

Functional lifetime of expanded mature leaves was calculated as number of leaves in the
crown divided by number of leaves produced per year. The average time needed for an in-
fructescence to mature was calculated as mean number of tagged infructescences divided
by mean number of shed (mature) infructescences per year. In addition, in plots II and IV
female reproductive organs were classified into ten developmental stages (Table 4.5), for
each of the stages 20 reproductive organs were marked and the time of transition between
stages was registered. When mature infructescences were shed, the number of fruit scars on
the rachis (Fig. 4.1 D) and the number of seeds per fruit were counted. In plots I, III, V, and
VI the dry weight of seeds and endocarps was determined after drying for 30 hours at 60°C.

4.2.3 Statistical analysis

We used Statwiev SE+ Grafics (1988) from Brainpower, Inc., Calabasas, California for anal-
yses. Testing for difference between samples was performed with the non-parametric Mann-
Whitney U-test (Elliot, 1977). The non-parametric Kendall rank-order correlation coeffi-
cient (Siegel & Castellan, 1988) was used when testing for correlation. Actual values of p are
given when possible, p=0.05 is the general level of significance used. P-values mentioned in
the text refer to the Mann-Whitney U-test, if not stated otherwise. Non-parametric tests were

used, since most sampling sizes did not permit a confidential test for normality.

4.3 Results

4.3.1 Population density and sex ratio

The populations of Phytelephas aequatorialis varied substantially in density (total number
of individuals per hectare), proportion of age-classes, and sex ratio (Table 4.2). The pasture
plot (IV) had the lowest and the forest plot (II) had the highest density, largely due to an
exceptionally high number of juveniles documented in the latter. Very similar and highest
numbers of adult individuals were found in the forest (II), in the pasture (III), and in the
agroforestry plot (VI); by far the lowest number of adults was documented in the forest (plot
I). Number of subadults was highest in the agroforestry plot (VI), while in the pasture plots
(III & 1V) this age-class was not present at all. Number of juvenile individuals was by far
highest in the forest (II) and not present at all in the pasture (III). Number of seedlings was
>500 in all plots except for the pasture plot (IV), where it was exceptionally low. Adults of
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both sexes were generally better represented than juveniles and subadults, again except for
the forest (II). The sex ratio was generally in favor of female plants, but only slightly so; here
again the forest plot (II) stood out with more males than females. In forest plot (I) no males

were present at all.

4.3.2 Use of leaves for thatch

The leaves of P. aequatorialis used for thatch (Fig. 4.2 A & B) are called cade. After harvest
the leaves are split lengthwise and each half is folded 2—4 times into units 1 m wide called

tapas.

These thatching units are commonly marketed as bundles of 100, representing 45 stacks
called cestos or fardos, each comprising 25 or 20 units respectively (Fig. 4.2 B). In Manabi,
sales prices for leaves increased from 4—8 US$/ciento (100 units) in November 1992 to 30—
50 US$/ciento in 2011, depending on quality, season and distance to the source. In 1990, a
P. aequatorialis roofing for an average sized house (6 x 8 m, requiring 300—400 thatch units)
cost 12-32 US$ which was much cheaper than corrugated iron roofing, which then cost more
than 150 USS$. In contrast, in 2011, the price for P. aequatorialis roofing for an average sized
house cost from 90-200 USS$, while the corresponding corrugated iron roofing cost about
200 USS. Corrugated iron lasts ca. 10 years, while a P. aequatorialis roofing is reported to
last 5—6 years. The proportion of roofing based on natural materials decreased in the past
20 years: In 1990, along a 50 km stretch between El Carmen and Pedernales of 245 houses
visible from the road, 49% had roofs with corrugated iron, 43% Phytelephas-thatch, 3%
Calathea-thatch and 5% had mixed roofs. Of the houses with corrugated iron roofing many
had kitchen niches with Phytelephas-thatch, because heat and smoke from fire places speed
up the corrosion of corrugated iron. In 2012, a count along a 45 km stretch between Pueblo
Nuevo and Pedernales showed that of 446 houses visible from the road, 97% had roofing
made of corrugated iron or other synthetical material and only 3% had thatch of plants such

as Phytelephas aequatorialis or Carludovica palmata Ruiz & Pav.

4.3.3 Leaf production

Leaf production rate varied from 4.1-13.3 leaves per year (Table 4.3) across study plots. The
lowest leaf production rate was recorded in the highland forest plot (I) and the highest in the
agroforestry plot in the lowlands (VI). Leaf production rates in the pasture plots (I1I-V) and
the forest plots (I, IT) were intermediate. In the agroforestry plot there was a highly signifi-
cant positive correlation between light exposure and leaf production rate (Table 4.3). Leaf
production rate also varied with gender and elevation. Males produce significantly more
leaves than females and lowland palms produce significantly more leaves than highland
palms (Table 4.3).
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Table 4.2 Population structure of Phytelephas aequatorialis

Population structure in five of the study plots in western Ecuador, giving number of individuals/hectare in each age-class and for adults divided into
female/male. a and b are subdivisions of the agroforestry plot, bl and b2 represent subdivisions of b. *Seedlings numerous but not counted. The
population structure in plot V, acting as control for impact of leaf harvest on leaf and fruit production in Plot III was not recorded.

Plot I Forest  II Forest III Pasture IV Pasture VI Agroforestry

Sub-plot a&b a b bl b2

Area [m’] 1000 4608 875 5184 3642 1914 1728 918 810

Age class

Adults (f/m) 40 (40/0) 365 (152/213) 365 (194/171) 131 (73/58) 373 (203/170) 387 (204/183) 359 (203/156) 207 (131/76) 531 (284/247)
Subadults 30 7 0 0 63 42 87 153 12

Juveniles 20 5007 0 142 55 94 12 11 12

Seedlings 1170 500 914 14 * * * * *

Table 4.3 Annual leaf production rates

(mean%SE) of 365 tagged P. aequatorialis individuals in six study plots (I-VI) in Ecuador (provinces Cotopaxi, Esmeraldas, and Manabi). In three
plots (II-IV) both males and females were tagged, while in the forest (I), pasture (V), and agroforestry (VI) plots only female palms were included.
Results from the agroforestry plot (VI) are presented according to low (<3) and high exposure (>3) to sunlight. aMales produce more leaves than
females (p<0.0001). beorrelation between light exposure and leaf production rate highly significant (Kendall: t=0.76, P<0.0001). clowland palms
produce significantly more leaves than highland palms (p<0.0001 for exposure >3, and p<0.0001 for exposure <3).

Type of area  Forest Forest Pasture Pasture Pasture Agroforestry

Plot I II 111 v \% VI

Region® highland  lowland highland lowland highland lowland

Sex/Exposure Female Male Female All Male Female All Male Female All Female <3 >3 All
#tagged palms 19 98 70 168 19 20 39 30 38 68 21 28 22 50

Leaves/year 4.1+0.1 6.9+£0.2" 5.8+0.1° 6.4+0.1 6.9£02" 5.4+0.2" 6.1£0.2 9.1£0.4" 8.4+02" 8.7+0.2 6.1+0.2 8.2£0.4° 13.3+0.5° 10.4+0.5




Fig. 4.2 Raw materials and products

(A) Phytelephas roofing. (B) Stock-piled thatching units (fapas) manufactured with P. ae-
quatorialis leaves. (C) Sequence of vegetable ivory discs (animelas) of different qualities:
from brownish, yellowish (poor quality) to white in color (best quality). (D) Vegetable ivory
seeds are sold to producers enclosed in the endocarp.

Harvesters were aware of the negative impact that leaf harvest may have on fruit produc-
tion and that it can be mitigated by harvesting only fully developed leaves and leaving more
leaves on female palms than on male ones. In Manabi in 1990 harvesters suggested that the
four youngest leaves should be left on male palms and five on female palms, whereas farm-
ers in Esmeraldas said that 5—7 leaves should be left on male palms, and that female palms
should not be harvested at all. However, in 1990 both harvested male and female palms
with only one or two leaves left were a common sight in both areas. In 2011, harvesters in
Manabi suggested that 2—3 leaves should be left on the palms (one spear leaf and one opened
leaf on male palms, one spear leaf and two opened leaves on female palms) when they are
harvested, and this rule seemed to be followed according to our observations. In the pasture
plot (IIT) an average of 4.6+0.1 (3.0-7.0) leaves (n=39) were left after harvest. There was no
significant difference (p=0.054) in number of leaves left on male and female palms (4.9+0.2

and 4.3+0.2, respectively). Harvesters told us that shade leaves are larger and of better qual-
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ity than light-exposed leaves, which agrees with our observations. Average rachis length
in the forest plot (I) was 743+21 cm (n=18), and for the two pasture plots in the highlands
(IT1, V) it was 536+10 cm (n=60), i.e., a difference of more than two meters (p<0.0001). No
significant difference in rachis length was found between male and female palms (p=0.56).
Pinnae length neither varied between sexes nor between pasture and forest palms. Regard-
ing leaf-quality, our observations confirm the harvesters” statements that many of the older
leaves from exposed palms are in a poor condition, with a large percentage of dead pinnae,
while shade palms generally have less worn leaves. In the agroforestry plot (VI) a lower total
number of leaves in fully developed crowns was found and here the total number of leaves
in the crown is significantly higher (p<0.0001) in palms growing under high light exposure
compared to palms growing under low light exposure (26.5+0.9 leaves for exposure >3
compared to 21.0+0.8 leaves for exposure <3). This difference was also found in forest and
pasture plot (I, III) in the highlands (14.740.4 and 16.7+0.5, respectively), though the differ-

ence was not significant (p=0.054).

In the pasture plot (III), palms shed an average of 1.34+0.22 (0.0-5.0) old leaves (n=39) dur-
ing two years (1991-1993), indicating that full crown size is regained in approximately two

years, if 4.6 leaves are left after harvest (Table 4.4).

4.3.4 Fruit and vegetable ivory production

The total duration from formation of the inflorescence bud to the mature infructescence was
about 2.7 years in the lowlands (Table 4.5). The time for infructescences to reach full ma-
turity varied from 2.1-7.5 years (Table 4.6). In the agroforestry plot (IV) in the lowland a
highly significant correlation was found between exposure to light and production, whereas

such correlations were absent in all other plots.

Infructescence production (i.e., infructescences shed per individual per year) in the lowlands
was significantly higher than in the highlands. However, counting only individuals subjected
to light exposure <3, production in the agroforestry plot (VI) did not differ significantly from
production in the highland forest plot (I) with the same average exposure conditions. The
number of new infructescences did not differ significantly among plots of the same region,
but was significantly higher in the lowland than in the highland (Table 4.6). In total shade
many individuals did not flower at all. Absence of flowering in shaded, caulescent individu-

als was pronounced in the agroforestry subplot b (Table 4.2).

In no cases had infructescences not present at time of tagging reached maturity before the
end of the observation period (i.e., no inflorescences had passed through the whole cycle
from flowering to mature infructescence within 723 days). The time needed for an infructes-

cence to mature was generally longer in the highlands than in the lowlands (Table 4.6), how-
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Table 4.4 Mean functional life time for leaves

(£SE) of P. aequatorialis in western Ecuador and mean time (+SE) needed for regeneration
of crowns if 4.6 leaves are left following leaf harvest in the forest, pasture, and agroforestry
plots (I, III, VI). Results from the agroforestry plot (VI) are presented according to low (<3)
and high exposure (>3) to sunlight.

I Forest III Pasture VI Agroforestry
Exposure
<3 >3 All
Functional lifetime (years) 3.6+0.1 2.840.1 2.7+0.1 2.1+0.1 2.4+0.1
Crown regeneration (years) 2.4+0.1 2.0+0.1 2.1+0.1 1.7+0.1 1.9£0.1

ever, the time needed from fertilization of ovules until the infructescence is large enough to
be tagged (around 4—6 months) must be added to these values. Interestingly, infructescence
development time was faster in the forest than in the pasture in highlands and lowlands,
respectively, and faster in the shaded part of the agroforestry plot than in the more exposed
part (Table 4.6).

Numbers of fruits per infructescence and seeds per fruit from two lowland plots (II, IV) did
not differ significantly (Table 4.7). The overall seed weight per infructescence was similar
in the forest and the pasture, but mean seed weight is significantly higher in the forest (Table
4.8). With a 1:1 sex ratio and 500 individuals per hectare the stand produced 750-2,500 kg
vegetable ivory nuts (dry weight) per hectare per year in the highlands. Individuals in the

Table 4.5 Duration of flowering and fruiting stages

Duration of flowering and fruiting stages from the bud stage to the mature infructescence
(mean=SE) of Phytelephas aequatorialis in two lowland plots (I, IV) in western Ecuador.
Endosperm condition was determined by slashing a fruit.

II Forest IV Pasture
Flowering/Fruiting stage (females only) Duration (days)
1. Inflorescence bud 44.1+0.7 41.3+0.9
2. Inflorescence bud with emerged bracts 14.440.2 14.1+0.2
3. Fresh inflorescence 14.6+0.2 13.5+0.2
4. Withering inflorescence 14.840.1 14.5+0.2
5. Dry inflorescence 175.0£5.5 165.2+5.8
6. Infructescence(liquid endosperm) 168.0+1.3 163.8+1.5
7. Infructescence (incipient gelatinous endosperm) 32.2+1.1 30.1+1.0
8. Infructescence(hardened gelatinous endosperm) 56.0+0.6 58.8+0.9
9. Infructescence(soft opaque endosperm) 225.4+1.4 225.4+1.4
10. Mature infructescence(hard white endosperm) 253.4+1.8 250.6+2.8

11. Total duration of development

(Inflorescence bud to mature infructescence) 997.9 (273 years) 977.3 (2.68 years)
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Table 4.6 Development time for infructescences

Development time for infructescences (mean+SE) of Phytelephas aequatorialis individuals in six study plots (I-VI) in western Ecuador. Results
from the agroforestry plot (VI) are also presented separately according to low (<3) and high light exposure (>3) to sunlight. *corresponds to initially
tagged number of infructescences per individual. ®refers to the number of completely developed and shed infructescences per individual per year;
significant difference between lowland and highland plots (p=0.005); highland plots: plot III significantly different to plot I and V (I: p=0.035 and
V: p=0.0007, respectively). calculated from the data for 723 days. ‘calculated from the data for 459 days. erefers to the number of infructescences
produced per individual per year during the observation period; chighly significant difference between highland and lowland plots (p<0.0001), no
significant difference between plots of the same region. ‘refers to the number of infructescences present per individual at the end of the observa-
tion period, i.e., after 723 (I, 111, V), 459 (VI), and 365 (II, IV) days, respectively. erepresents the percentage of shed infructescences at the end of
the corresponding observation period, i.e., after 723 (I, III, IV), 459 (VI), and 365 (I, IV) days, respectively, that were present at time of tagging.
hcalculated by dividing number of tagged infructescences per individual with number of shed infructescences per individual per year. Figures in
parenthesis correspond to total number of tagged infructescences. 'highly significant correlation between exposure to light and production (Kendall:
t=0.49, p<0.0001). *no significant difference (p=0.14). No significant difference between number of infructescences at time of tagging and by the
end of the observation period in any of the plots (I-VI: p=0.83, 0.08, 0.35, 0.82, 0.1, and 0.89). ™significant differences between number of new
and shed infructescences were only found in the secondary forest plot (II) in the lowlands and the pasture plot (III) in the highlands (I-VI: p=0.52,
0.003, 0.03, 0.65, 0.07, and 0.70).

Plot Region N Tagged™' Shed/year™™ New/year®™™ End™ Shed [%]® Development time (years)"
I Forest highland 19  6.9+£0.8(97) 1.6£0.3°% (21.7)  1.4+0.1°(20.2)  6.7£0.6 (94) 44 43
11 Forest lowland 70 5.8+0.6 (403) 2.8+0.3 (197) 5.120.1 (355) 8.0+0.4 (561) 49 2.1
111 Pasture highland 20 6.0+1.1 (120) 0.8+0.2° (16.1) 1.6£0.3°(32.3)  7.6£0.7(152) 27 7.5
IV Pasture lowland 38 13.3£0.6 (506)  4.4+0.3 (168) 4.6+0.2 (173) 13.4£0.6 (511) 33 3.0
V Pasture highland 21 133+1.0(279)  2.2+0.3°(47) 1.5£0.4°(31.8)  11.9£1.3(249) 33 6.0
VI Agroforestry (all)  lowland 50  15.8+1.4(791)  4.9+0.5°(246.5)  5.5£0.7°(275.9) 16.6+1.6(828) 39 32
VI Agroforestry (<3)  lowland 28 10.0+1.1(281)  3.5£0.6%%(98.6) 3.0£0.6°(83.5)  9.4+1.1(262) 44 2.9
VI Agroforestry (>3)  lowland 22 232+1.8(510)  6.7£0.8%(147.9) 8.8+0.9%(192.4) 25.7+1.9 (566) 37 3.5




highland plots produced more fruits per infructescence (25.1 vs. 21.2 and 18.9, respectively),
whereas the number of seeds per fruit was higher in the lowland (6.0 and 5.8 vs. 4.9, Table
4.7 & 4.8). However, the overall mean number of seeds per infructescence ranged from
110-130 and did not differ significantly between the highlands and lowlands.

The harvest procedure was simple. When infructescences were mature they disintegrated
and the fruits fell to the ground (Fig. 4.1 F) where the mesocarp was eaten by animals and the
seeds, which are enclosed in the endocarp, could be collected. In forests with thinner popu-
lations collecting the seeds took more time and more seeds had been removed by animals

according to the harvesters.

In times of high demand, it was common to harvest immature infructescences, which were
buried or covered with leaves until decomposition made it easy to remove the remaining
mesocarp. The resulting immature vegetable ivory seeds are called tagua maceada and are
of poor quality because they typically are cracked, non-uniform in texture, and either trans-
parent, or yellow to brown in color (Fig. 4.2 C). However, it was difficult to distinguish im-
mature from mature vegetable ivory because the seeds were commonly sold enclosed in the
endocarp (Fig. 4.2 D).

In the dense stands of Phytelephas aequatorialis in Esmeraldas and Manabi it was common
practice to weed and clean the ground in a circle of 3—4 m around the stem, making it easier
to locate and collect seeds. Palms were also occasionally cleaned from climbers (species of
Clusia and Ficus) and litter from other trees was removed from the crowns. In the highlands
(plot 1) large litter loads partly covered the female inflorescences, but apparently with no
impact as there was no significant difference in number of fruits per infructescence between
palms from the forests and the pastures (I, III, and V, Table 4.8).

According to harvesters in Esmeraldas and Manabi thinning was done mainly by cutting
non-productive male palms. The optimal sex-ratio, i.e., the minimum number of males per
female without an adverse effect on fruit production, remains unknown, but harvesters sug-
gested that a ratio of 1:3 (male/female) would be maintainable without resulting in a nega-

tive impact on fruit production.
Table 4.7 Phytelephas fruit from lowland plots

Data on number of fruits per infructescence of Phytelephas aequatorialis in western Ecuador
and number of seeds per fruit from two lowland plots (II & IV). Data are mean values +SE
with sampling size in parenthesis. No significant differences detected. All weights are dry
weight.

Plot II Forest IV Pasture
Fruits/infructescence 18.9+0.3 (42) 21.2+0.4 (37)
Seeds/fruit 5.840.1 (145) 6.0£0.1 (137)
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Pest problems in the lowlands appeared to be limited even in the high density stands in Es-
meraldas and Manabi. Partly or totally damaged seeds were only occasionally found here,
but neither harvesters nor buyers considered it a problem. In the highlands, however, the
bruchid beetle Caryoborus chiriquensis Sharp. lays its eggs into pores of the umbo and its’
larvae consume the endosperm. Infection rates can be very high, and the beetle represented

an important obstacle to vegetable ivory exploitation in the highlands.

4.3.5 Impact of leaf harvest on fruit production

In the highland the number of infructescences cast during the observation period was signifi-
cantly smaller in the harvested pasture (III) than in the forest and in the not-harvested pasture
(Table 4.6), and also the weight of seeds/infructescence appeared to be lower (Table 4.8).
Furthermore, in the harvested pasture (III) 5% of the tagged infructescences were damaged
or aborted before reaching maturity. Regarding the development of new infructescences
there was no significant difference found neither between pasture (III) and forest (I) nor be-

tween the two pasture plots in the highlands (Table 4.6).

4.4 Discussion

4.4.1 Distribution and population structure

Today vegetable ivory, the fagua represents one of the economically most important wild
plant raw materials in Ecuador (Brokamp et al., 2011). Exhaustive collection of vegeta-
ble ivory nuts may reduce regeneration, but in all exploited stands visited in Esmeraldas
and Manabi our observations suggested that regeneration is not affected by the extent of
performed collection of seeds (from the ground). Collection of mature seeds may even be
intensified considerably without seriously impacting regeneration. Since higher light expo-
sure increases fruit production in the lowlands some cutting of trees shading the palms may
favor production. Seedling recruitment is also increased when the ground receives moderate
amounts of sunlight compared to completely shaded ground. In earlier booms destructive
harvest was common (Acosta-Solis, 1944, 1948). Current exploitation is not likely to result
in further depletion of remaining stands, since western Ecuador is now much more densely
inhabited and most areas have owners who protect their palms. Also most forest has been

cleared already and typically few palms are found in the remaining closed vegetation.

In open pastures the complete absence of juveniles (plot I11) and sub-adults (plots IIT and IV)
suggests that the natural regeneration of populations located in this type of land management
is not very succesful, which accordingly makes a continued existence of these populations
unsecure. The sometimes extremely low number of early developmental stages as found for

juveniles or seedlings in the pasture (plot III and IV) most probably is caused by a combina-
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Table 4.8 Phytelephas fruit from highland plots

Data on number of fruits per infructescence, number of seeds per fruit, weight and specific gravity of seeds, and endocarp weight of Phytelephas
aequatorialis from the three highland plots (I, III, V) on the west Andean slopes in Ecuador. Data are mean values +SE and with sampling size in
parenthesis. All weights are dry weight. aFruits/infructescence multiplied with seeds/fruit multiplied with seed weight. bAverage number of in-
fructescences per palm per year (Table 4.6) multiplied with seed weight per infructescence. cEach of these samples consist of 5-20 seeds. dmean
seed weight is significantly higher (p<0.0001).

I Forest III Pasture V Pasture All highland plots (I, III, IV)
Fruits/infructescence 25.2+1.4 (18) 25.6+2.7 (5) 24.9+1.2 (16) 25.1+£0.9 (39)
Seeds/fruit 4.4+0.2 (97) 4.7+£0.2 (65) 5.240.1 (285) 4.9+0.1 (447)
Seed weight (g) 39.4+0.99 (266) 31.3£1.0 (76) 34.7+0.6 (268) 36.3+0.5 (610)

Seed weight/infructescence (kg)*
Seed production/palm/year (kg)"

Specific gravity of seeds (g/mm’)°
Endocarp weight (g)

4.4
7.0

1.34+0.02 (17)
7.3+0.2 (228)

3.8
3.0

1.36+0.02 (5)
6.4+0.2 (76)

4.5
9.9

1.35+0.01 (14)
6.8+0.1 (267)

4.2
6.6

1.35+0.01 (36)
7.0£0.1 (571)
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tion of both excessive exposure leading to dehydration, as has been reported for Ceroxylon
echinulatum Galeano seedlings (Anthelme et al., 2011) and destruction of seedlings and ju-
veniles by cattle. This suggests that in order to ensure regeneration in pastures seedlings and
juveniles have to be protected from cattle and excessive exposure to sunlight which could be
done with meshed cages.

4.4.2 Leaf production and harvest

Higher leaf production in male individuals is beneficial to the farmers since they mainly har-
vest males leaving females to produce fruits. Higher leaf production in the lowlands (plots
I1, TV, VI) is probably due to higher temperature and higher and more evenly distributed
precipitation. Also, the nutrient status of the alluvial soil on the periodically flooded banks
of rivers (e.g., Rio Santiago) is likely to be much better than that of the eroded pastures on
the Andean slopes. However, Velasquez Runk (1998) reported lower leaf production rates in

agroforestry plots that are frequently flooded than in drier plots.

Impact of leaf harvest on leaf production is limited. Although statistically significant, the
difference between palms in harvested and not harvested pastures in the highlands (plots III,
V) averaged only 0.7 leaves/palm/year. A linear correlation (leaf production vs. time) in the
highland plots suggests that the number of harvestable leaves per year does not depend on
whether leaves are harvested again before its crown has regained all its leaves or whether
the harvest is postponed until the crown has reshaped completely. The time needed to re-
generate the crown following harvest is important when harvest frequency is decided. High
harvest frequency means more work per leaf harvested because the palm has to be climbed
more often than at a low harvest frequency. In exposed palms a high harvest frequency may,
however, be worthwhile because younger leaves of higher quality may be obtained. Another
result of a high harvest frequency is that the continuously pruned crowns produce less shade
than crowns which are left to reshape completely. In order to harvest a maximum number of
leaves with minimum effort, individual palms thus should be harvested approximately every
two years, as was suggested for Ceroxylon echinulatum (Duarte & Montufar, 2012), exposed

palms slightly more often than shaded ones.

4.4.3 Fruit production and development time

A lower fruit productivity in plots I, III, and V suggests that environmental factors, such
as low night temperatures, lower precipitation, and/or lack of nutrients may represent the
limiting factors in the highlands. In the lowlands (plots II, IV, VI), however, light appears to
be the main limiting factor. For management purposes (e.g., in agroforestry systems) palms
therefore should be placed in the canopy layer in the lowlands, whereas they may be grown
in lower strata in the highlands.
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Formation of the compact infructescence with an almost woody surface and very hard seeds
is accompanied by extremely slow fruit development in P. aequatorialis. For the lowland
plots II and IV we calculated infructescence development time using two methods. 1) We
monitored the duration of the fenological stages in different inflorescences, which suggested
that infructescence development lasted 2.7 years in both plots; 2) we divided numbers of
tagged inflorescences with number of annually shed infructescences, which suggested a de-
velopment time of 2.6 and 3.5 years, respectively. The second method of calculating devel-
opment time assumes that the number of infructescences remains constant with time, i.e., the
number of new infructescences matches lost infructescences. Though the observation period
is relatively short, this condition appears to be fulfilled for plots I, IV, V and VI but not for
plots II and III.

Destructive harvest by felling vegetable ivory palms, was common in the past (Acosta-Solis,
1944, 1948), but appears not to happen on an extensive scale any more. A more pungent
threat to the palms comes from land conversion, e.g., from establishment of African oil palm
plantations or pastures. Phytelephas aequatorialis seems to exemplify a rather sustainably
exploited extractive resource. Nevertheless, the impact of vegetable ivory extraction on nat-
ural regeneration and on genetic diversity of the species, as well as the impact on the diverse

associated fauna, should be monitored continuously.

Because some collectors harvest immature infructescences in times of high demand it may
be meaningful to foster enrichment planting and seedling protection in pastures and mixed
agroforestry-systems, or even to establish P. aequatorialis plantations in order to satisfy the
high (and probably increasing) demand for vegetable ivory nuts. Introduction of batch cod-
ing with information on source (exact location), date of seed collection, and collector could
help to identify collectors that supply mature vegetable ivory nuts to assure a more standard-
ized and higher quality of raw material, which would be beneficial for all stakeholders in this

commercial activity.

Caryoborus chiriquensis is typically found at 650—1500 m a.s.l. (Nilsson & Johnson, 1993).
To reduce this pest problem fruits must be collected soon after falling, the mesocarp should
be removed manually and the cleaned seeds need to be stored in closed containers. Because
the beetle is unable to lay eggs into the pores before the mesocarp has been removed, entire
fruits may be dried and shelled hereafter (i.e., cracking both mesocarp and endocarp at once),

avoiding the laborious work of removing the fresh mesocarp (Borgtoft Pedersen, 1995).

4.4.4 Impact of leaf harvest on fruit production

Leaf harvest considerably reduces vegetable ivory production, even when enough leaves are

left on female palms. In small highland communities or in the inlands of Esmeraldas there
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is no market for leaves for thatch. In touristic coastal regions (e.g., in Canuto, Manabi),
however, hotels, bars, and other tourist facilities today are predominantly constructed in
traditional architecture. Due to high prices, a short value chain, and considerable demand
for Phytelephas thatch, the commercialization of leaves, hence, represents a more lucrative
business for farmers in these areas. Shift from commercialization of vegetable ivory nuts to
leaves for thatch may result in unsatisfied demand and rising prices of raw material in the
national fagua industry and may further lead in resource limitation for companies exporting
vegetable ivory discs (animelas). Measures should be taken to ensure sustainable use and
commercialization of the two partially exclusive and locally competing products. Employ-
ment of unsustainable practices in the harvest of seeds and leaves, decline of populations in
pastures, and the resulting resource limitation in export of vegetable ivory discs, represent
the main issues to be addressed to foster sustainable use of this valuable palm species in the

future.
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S Parasitism and haustorium anatomy
of Krameria lappacea (Dombey) Burdet
& B.B.Simpson (Krameriaceae), an
endangered medicinal plant from the
Andean deserts

5.1 Introduction

Krameria lappacea (Domb.) Burdet & B.B.Simpson is a shrub of the semi-desert in the An-
des of Peru (Fig. 5.1 A—C), southern Ecuador, and northern Argentina, Chile and Bolivia, oc-
curring at elevations from sea level to 3600 m a.s.l. (Simpson, 1989a; Simpson et al., 2004).
In its native habitat K. lappacea is by far the largest root parasite, with individual shrubs
reaching a diameter of 1.5 m and a height of up to 2 m. Inmost semi-desert areas of Peru it
is also clearly the most common root parasite. However, the plant is becoming increasingly
rare and is already commercially extinct in part of its range: Its roots have been considered
as medicinal since pre-Colombian times (Daems, 1981; Frohne, 2006; Simpson, 1991) and
the neolignans and tannins of the root cortex are the likely source of its pharmaceutical effect
(Bussmann et al., 2010; Carini et al., 2002; Silva et al., 2001; Tiemann et al., 2007). The
roots are sold under the name Rhatany or Ratanhia and are traded both locally and nation-
ally, and exported to a considerable extent. Main exporting country is Peru, with an annual
export of ca. 30 metric tons, all of which is destructively harvested from wild stands (Fig.
5.1 I-L). This corresponds to the annual destruction of ca. 140,000-395,000 plants for the
export alone (Weigend and Dostert, 2005). Very little is known about its biology in spite
of the extensive and highly destructive wild harvest. This is particularly problematic since
Krameria is an ecologically important species at least in part of its natural range: it provides
cover for a range of vertebrates (Szaro and Belfit, 1986, 1987) and is an important and highly
palatably forage plants for a wide range of wild and domestic mammals (Anthony,1976; An-
thony and Smith,1977; Bernard and Brown,1977; Hanley and Brady, 1977; Hayden, 1966;
Miller and Gaud, 1989; Rautenstrauch et al.,1988; Szaro and Belfit,1986, 1987; Urness,
1973; Urness and McCulloch, 1973; Webb and Stielstra, 1979). As a consequence, Krameria
is often heavily browsed and populations are very slow to recover from heavy browsing
(Brown, 1950; Goldberg and Turner, 1986). Even more importantly, they are food plants
for highly specialized oil-collecting bees (Gimenes and da Lobao, 2006; Simpson, 1989b;
Simpson et al., 1977).

K. lappacea belongs to the Krameriaceae Dumort, a monogeneric family of 18 species na-

tive to the deserts and semi-deserts of the Americas (Simpson, 1989a). The family belongs
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Fig. 5.1 Habitat and habit of Krameria lappaceae

(A) Habitat near San Antonio, Arequipa (Peru). (B) Mature individual near Chuquibam-
ba, Arequipa, with one of the commercial harvesters, Jos¢ Dionicio Inga Huamani [Peru,
voucher: M. Weigend et al. 9277 (B, HUSA, M, USM)]. (C) Juvenile plant near San An-
tonio, Arequipa (Peru). Scale bar = 10 cm. (D) Seedling in the green house at FU Berlin.
Scale bar = 1 cm. (E) Open flower and buds. Scale bar = 1 cm. (F) Globose fruits with red,
barbed spines. Scale bar = 1 cm. (G) Root of seedling from cultivation. Scale bar = 1 cm. (H)
Haustorial connections with a root of Balbisia verticillata. Scale bar = 1 cm. (I) Excavated
root system of mature plant at San Antonio. Scale bar = 10. (J) Typical excavation hole from
harvested roots near Balsas (Cajamarca, Peru). (K) Unprocessed Ratanhia roots from a mar-
keted in Tarma (Junin, Peru). (L) Dried and chopped Ratanhia roots on a market in Arequipa
(Peru). Scale bar = 1 cm. Abbreviations: HA, haustorium; HR, host root; PR, parasite root.
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to the eurosid I clade (Soltis et al., 2000) and is now recognized as sister to Zygophyllaceae
in the order Zygophyllales (Angiosperm Phylogeny Group, 2009). K. lappacea has the typi-
cal zygomorphic oil-flowers (Fig. 5.1 E; Simpson, 1982) and one-seeded, glochidiate fruits
(Fig. 5.1 F) of the genus. The biology of K. lappacea is of particular interest, since there is
good reason to assume that it might be parasitic: Krameria bicolor S.Watson was the first
taxon for which parasitism was documented (under the synonym Krameria canescens A.
Gray; Cannon, 1910). Since then a total of seven species of Krameria have been studied and
all were found to be hemiparasites (= semiparasites; Musselman, 1975; Simpson, 1989a,
2007). Hemiparasitic plants (in contrast to holoparasitic plants) are characterized by the
possession of chlorophyll, still performing photosynthesis (Bresinsky et al., 2008). Simpson
(1989a, 2007) and Weber (1993) therefore suggested that the whole genus might consist
of terrestrial hemiparasites, but data on the remaining 11 species have not been published.
Simpson (1989a) reported that Krameria forms haustorial connections to a range of both
herbaceous perennials and woody plants. The host plants reported in Simpson (1989a) for
the three North American species of Krameria studied (K. bicolor S. Watson, Krameria
lanceolata Torrey, and Krameria erectaWilld. ex Schultes) include a total of 15 angiosperm
and two gymnosperm families, corresponding to a total of 21 species and genera, with 12
host species documented for K. bicolor alone. Even the formation of haustoria on their own
roots (auto-parasitism) and on roots of neighbouring, conspecific individuals (intraspecific

parasitism) has been reported.

Morphological and anatomical data have been published only for two North American spe-
cies of Krameria (K. bicolor and K. lanceolata): The root system of these species consists of
a short tap root and a series of sparsely branched lateral roots (Cannon, 1910; Kuijt, 1969;
Musselman, 1975). The relative shortness of the tap root appears to be due to apical degra-
dation of an originally longer primary root (Cannon,1910; Simpson,1989a). The individual
lateral roots are covered with a thick and soft bark and are very flexible (Simpson, 2007).
They radiate close to the soil surface (Cannon, 1910; Kuijt, 1969; Musselman,1975). The
outer root cortex is dark red with a periderm that contains abundant tanniniferous mate-
rial (Simpson, 1989a). The periderm originates in the outer layers of the secondary phloem
and in older roots the outer cells of the periderm become suberized, filled with tannins and
other substances (Musselman and Dickison, 1975). Cannon (1910) and Simpson (1989a)

remarked on the apparent lack of root hairs on seedlings of Krameria.

Parasitism requires specialized organs called haustoria to tap the host plant (Kuijt, 1969) and
Krameria is known to develop secondary haustoria, i.e., haustoria formed exclusively by
lateral roots (Kuijt, 1969; Musselman, 1975). Two morphological regions of mature haus-
toria can be externally distinguished, the parent (mother) root and the swollen haustorium
body. Anatomically, the parent root is similar to roots which do not bear haustoria and this

is also true for the epidermis and cortex composing the outer part of the mature haustorium
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body, while the central parts of the haustorium are highly modified (Kuijt, 1969; Musselman,
1975; Musselman and Dickison, 1975). Progressing from the parent root through the hausto-
rium towards the host root the following zones can be distinguished according to Musselman
and Dickison (1975) and Simpson and Fineran (1970): (1) transition zone, (2) interrupted
zone, (3) the vascular core, (4) the central parenchymatous core including the vessels (axial
strands) that traverse it, (5) the portion of the haustorium situated within the host root (=
endophyte). The transition zone is defined as the tissue containing the vascular connection
between the xylem of the parent root and the vascular core of the haustorium body (Simp-
son and Fineran, 1970). The region between the end of this transition zone and the vascular
core is called interrupted zone (Simpson and Fineran, 1970), and consists of abundant pa-
renchyma interspersed with scattered tracheary elements (Musselman and Dickison, 1975).
The vascular core is a compact mass of xylem in the approximate centre of the haustorium,
mainly consisting of vessel elements (ca. 95 %) plus some tracheids, fibres and parenchym-
atic cells. The central parenchymatous core is defined by Musselman and Dickison (1975)
as the portion of the mature haustorium bounded by the vascular core (proximally) and the
host (distally). The central parenchymatous core is surrounded by a vascular cambium and
the cortex in younger haustoria, respectively the periderm in older haustoria (Musselman
and Dickison, 1975). The term endophyte (Kuijt, 1969) is used for the part of the haustorium
that is situated inside the host root and consists only of parenchymatic cells and vessel ele-
ments in mature haustoria (Musselman and Dickison, 1975). Initiated as a small intrusion
of a few cells, the endophyte subsequently expands and becomes multi-lobed (Musselman,
1975). The vessel elements of the endophyte, which are continuous with the axial strands of
the central parenchymatous core, are called terminal elements and provide the connection
with the xylem cells of the host. The terminal elements differentiate from intrusive cells and
develop thick, lignified walls and usually enter host xylem elements through lateral wall pits
(Musselman and Dickison, 1975). Surprisingly, the overall anatomy of Krameria haustoria
is also similar to secondary haustoria formed by other primitive terrestrial hemiparasitic
species of distantly related orders such as Scrophulariales and Santalales, sharing, e.g., the
characteristic haustorial tissues, with the development of a vascular core and the in general
very similar xylem-system as well as the formation of an endophyte and the lack of phloem
(Weber, 1993).

Only a few South American (Brazilian) species of Krameria are known to be parasitic
(Simpson, 1989a) apart from the North American species, but no data on their host plants
have been published, nor have parasitism or host plants been documented for western South
American species. Morphological and anatomical data on the haustoria are available for only
two North American species of this genus of 18 species. It is particularly remarkable that
the only commercially important species, K. lappacea, has not been studied and that it is not

even known whether it is at all hemiparasitic.
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However, an understanding of possible parasitism would be both crucial for an understanding
of the ecological role that K. lappacea plays in its native habitat: Parasitic plants selectively
reduce or promote the fitness of other plants and may have a massive indirect impact on both
vegetation cover and quantitative and qualitative aspects of the vegetation itself (Callaway
and Pennings, 1998; Joshi et al., 2000; Press and Phoenix, 2005; Pennings and Callaway,
1996; Watson, 2009). Selective removal of Krameria might thus affect other plants in its
native habitat. Also, the range of host plants parasitized by K. lappacea this might also have
important implications for its vulnerability (Marvier and Smith, 1997). Currently, K. lap-
pacea is harvested to a great extent especially in Peru and by now it is commercially extinct
in several parts of its range (Weigend and Dostert, 2005). Cultivation might be a way to
provide raw material for the national and international markets, but this would require an

understanding of its parasitic status and general biology.

The present study therefore aims at clarifying the parasitic status of endangered K. lappa-
cea and, assuming parasitism, at identifying its host plants and characterizing its haustorial

anatomy in comparison to the North American species studied elsewhere.

5.2 Material and methods

5.2.1 Study area and plant material

Field studies were conducted in 2003 in Peru, Department Arequipa, Prov. Arequipa. One
study site (= Mollebaya) is situated just outside Mollebaya, towards the mountain “Lapache-
ta Chica”, along a dry river bed, 2457 m a.s.l., S 16° 29.9090°, N 071° 28.6280°. The other
study site (San Antonio) is situated near San Antonio de Yarabamba, 3-4 km from Yara-
bamba, 2545 ma.s.l., S 16°34.4110°, N 071° 28.4560°. Both areas show relatively abundant
populations of Krameria with a density of (0-)1-24 mature individuals of Krameria per 100
m2. Data on the climatic conditions of the study area in S Peru were recently published by
Schwarzer et al. (2010). To confirm parasitism and to obtain haustoria for detailed study
whole plants were carefully dug up and the secondary roots traced to the roots of their pu-
tative hosts. Most haustorial connections were undoubtedly lost, since the compacted and
rocky soils exerted massive mechanical stress on the roots during excavation. K. lappacea
and its host plants were vouchered and identified, vouchers were deposited in the Herbario
de la Universidad San Augustin (HUSA) in Arequipa (Universidad Nacional de San Au-
gustin, Arequipa, Peru). Host roots and the haustoria attached were cut out and preserved in
AFA. Several seeds were germinated in the green house in the absence of host plants in order

to study the early development of the root system.
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5.2.2 Microscopic techniques

5.2.2.1 Preparation for light microscopy (LM)

The host root segments with the attached haustoria were trimmed and then cleaned for 3 min
in an ultrasonic bath to remove soil and dust particles. The material was then dehydrated
with a FDA fast dehydration series: 2 h FDA (fomaldehyde diethyl acetal, Merck AG; at
room temperature = RT), 30 min FDA : isopropanol (2-propanol; at RT) 1:1, 2 h in isopropa-
nol (at RT), then infiltrated for 2 h at 60 °C in tertiary butanol (3-butanol, 99.5 % extrapure,
Acros Organics) : isopropanol 3:1, for 12 h at 60 °C or more in pure tertiary butanol, which
was then gradually replaced in the course of ca. 48 h with Paraplast (Sherwood Medical; at
80 °C). Samples were then stored for 2-3 weeks in Paraplast to complete penetration. The
mounted and trimmed objects were then sectioned into slices of 10-12 mm with a rotatory
microtome (Leitz, 301-268) and transferred to microscope slides, that were left to dry on
a heating plate (Medak Nagel GmbH; at 50 °C) for ca. 30 min. The Paraplast was then re-
moved with xylol (Merck AG), the sections rehydrated through a descending, graded ethanol
series, rinsed in water, and then stained using a combination of Safranine and Astra-Blue
(Merck AG). Permanent mounts were then prepared by dehydrating the sections through an
ascending graded ethanol series and sealing them in Eukitt (Kindler GmbH) using a cover
slip. After 3 days of drying at 50 °C the slides were examined with a light microscope (Leitz
Diaplan). Photographs were made with a digital camera for light microscope (DC 300 v2.0,

Leica instruments GmbH).

5.2.2.2 Preparation for scanning electron microscopy (SEM)

Plant material was dehydrated with a FDA fast dehydration series (2 h FDA, 1 h FDA : ac-
etone 1:1, 2 x 1h pure acetone), cleaned for 3 min in an ultrasonic bath and transferred again
into fresh acetone. Complete drying of the plant material was carried out via critical point
drying, following the protocol of Cohen and Shaykh (1973). After mounting and preparation
of the plant material it was sputter-coated with gold as described by Echlin (1978) using a
SCD 050 sputter coater (Oerlikon Balzers). Examination was performed using SEM (LEO
5430). The descriptive terminology used in this study follows Musselman and Dickison
(1975).

5.3 Results

5.3.1 Hemiparasitism and host plants

The study shows that K. lappacea is indeed terrestrial hemiparasitic forming haustorial con-
nections to several host plant taxa. The host plant taxa for which haustorial connections to K.

lappacea were found are summarized in Table 5.1. A total of 106 haustoria were excavated
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at the two sites, most of them (86) at San Antonio. In spite of the technical difficulties of root
excavation due to the hard and rocky ground, haustorial connections of the root systems of
Krameria were found to host plants of 18 different species from 17 genera in 12 different
plant families, mostly dicotyledonous plants. However, the only gymnosperm in the study
area, Ephedra americana, was also found to be parasitized by K. lappacea. The single most
commonly documented host plant is Ambrosia artemisioides, which is also the dominant
plant species at both study sites (ca. 1/5th of the haustorial connections found). Parasite roots
formed one to several connections to the host root, in individual cases up to three haustoria
in immediate vicinity to each other (Fig. 5.1 H). Several cases of auto-parasitism were ob-

served.

5.3.2 Roots and root system

The young plants raised in the green house developed a primary root (Fig. 5.1 G), that soon
branched to form perpendicular secondary roots, the roots were free of visible root hairs. The
mature root system of K. lappacea consists of a rather short primary root and a couple (ca.
8—15, Fig. 5.1 I & K) of very flexible secondary roots radiating from it in a depth of 20-70
cm. They extend to a horizontal length for 1-3(—4) m (and possibly more). The primary
root initially grows to a considerable depth (ca. 15-70 cm), but its distal part later (after the
formation of haustoria) decays beyond the attachment of the secondary roots, and then has
a length of typically 10-25 cm. The primary root reaches a diameter of ca. 25-50 mm in
mature plants (Fig. 5.1 I). The mature secondary roots of K. lappacea are weakly branched,
dark red in colour and have a smooth and soft bark (Figure 5.1 I), which becomes flaky once
dry (Fig. 5.1 L). The laterals arising from the secondary roots were found to either terminate
in haustoria or in slightly thickened, spindle-shaped root “tubers”, here interpreted as pre-
haustoria. The lateral roots examined in this study had a diameter of 0.3—-2.0 mm. Only the
secondary and lateral roots form haustoria (Fig. 5.1 H) and often terminate in them, due to

degeneration of the parasite root beyond the haustorium.

The mature roots have a tanniniferous periderm consisting of 6-10 cell layers of collapsed
phellem cells (cork), which are compressed in transverse section (Fig. 5.2 A—C). These are
followed by the cork cambium and 3-5 cell layers of cortex parenchyma with cells also
tanniniferous and tannins aggregated into irregularly rounded structures up to 20 mm in di-
ameter (Fig. 5.2 C). Crystal druses were also present in the cortex parenchyma cells. Mature
roots have a partly interrupted sclerenchymatous ring of 1-3 cell layers, secondary phloem
is present in the form of scattered cell groups. An indistinct cambium is also visible. The
xylem tissue in the centre of the root makes up approximately half the root diameter. The
tracheae and vessels are wide, with diameters of up to 50 mm. Between the vessels are wood

parenchyma cells and irregular medullary rays (Fig. 5.2 A-C).
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Table 5.1 List of host plants recorded in this study

direct haustorial connections found and corresponding voucher [all vouchers preserved at HUSA (Herbario de la Universidad San Augustin), col-
lectors: Carazas = Richard Aguilar Carazas & F. Caceres Humani, Dostert = Nicolas Dostert & F. Caceres Huamani

L8

Host plant species family growth from number of haustorial connections host plant vouchers
Anstzgio Mollebaya total
Ambrosia artemisioides Meyen & Walp. ex Meyen Asteraceae shrub 15 6 21 Carazas 420, Dostert 1005
Gochnatia arequipenses Sandwith Asteraceae shrub 5 - 5 Carazas 416, Dostert 1004
Grindelia tarapacana Phil. Asteraceae shrub 4 2 6 Carazas 459, Dostert 1001
Helogyne sp. Asteraceae shrub 3 - 3 Carazas 458
Balbisia verticillata Cav. Ledocarpaceae shrub 3 2 5 Carazas 422, Dostert 1022
Corryocactus aureus (Meyen) Hutchison Cactaceae shrub 2 - 2 Carazas 424
Cumulopuntia (Cumulopuntia) sphaerica Foerster Cactaceae shrub 6 3 9 Carazas 425
Opuntia (Cumulopuntia) corotilla Schumann ex Vaupel Cactaceae shrub 9 9 Carazas 426
Encelia canescens Lam. Asteraceae (sub-)shrub 7 1 8 Carazas 428, Dostert 1002
Ephedra americana Humb. & Bonpl. ex Willd. Ephedraceae shrub 4 - 4 Carazas 430, Dostert 1016
Huthia coerulea Brand Polemoniaceae shrub 1 - 1 Carazas 436, Dostet 1010
Juniella aspera (Gillies & Hook.) Moldenke Verbenaceae subshrub 3 - 3 Carazas 403
Mentzelia scabra Kunth subsp. chilensis (Gay) Weigend Loasaceae subshrub 2 - 2 Weigend 7466
Paronychya microphylla Phil. Caryophyllaceae  perennial herb 8 1 9 Carazas 408, Dostert 1008
Portulaca pilosa L. Portulacaceae perennial herb 5 2 7 Carazas 415, Dostert 1019
Tarasa operculata (Cav.) Krapovickas Malvaceae shrub 3 1 4 Carazas 421, Dostert 1007
Eragrostis peruviana (Jacq.) Trin. annual/subpere - 2 2 Dostert 1017
Poaceae
nnial herb
Verbena clavata Ruiz & Pav. Verbenaceae perennial 6 ) ® Carazas 401
herb/subshrub
total: 18 12 86 20 106




Fig. 5.2 Micromorphology and anatomy of K. lappacea roots and haustoria

(A) Transverse section through secondary root (SEM). Scale bar — 100 mm (B) transverse
section through secondary root (LM). Scale bar — 100 mm (C) Detailed view of root periderm
(LM). Scale bar — 25 mm. (D) Haustorium on a root of Grindelia tarapacana (SEM). Scale
bar — 1 mm (E) transverse section through the haustorium and longitudinal section through
its parent root (LM). Scale bar — 500 mm (F) transverse section through endophyte (and
longitudinal section through the parasitised root of Ambrosia artemisioides) (LM). Scale
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bar — 100 mm. (G) Section through an auto-parasitizing haustorium (SEM). Scale bar — 1
mm. (H) Longitudinal section through haustorium on root of A. artemisioides (LM). Scale
bar — 200 mm (I) Detailed view of central parenchymatous core with axial strands connected
to the root xylem of host (4. artemisioides) (LM). Scale bar — 20 mm (J) transverse section
through a pre-haustorium of K. lappacea (SEM). Scale bar — 500 mm (K) transverse section
through a pre-haustorium (LM). Scale bar — 500 mm. (L) Longitudinal section through (the
tip of) a pre-haustorium (LM). Scale bar — 200 mm. Abbreviations: CC, cork cambium; CO,
cork; EN, endophyte; HA, haustorium; HR, host root; HT, host tissue; HX, host xylem; 1Z;
interrupted zone; PR, parent root; PV, parasite vessel; TE, terminal element (of axial strand);
VC, vascular core; XY, xylem (of the parent root).

Fig. 5.3 Haustorium anatomy of K. lappacea

longitudinal section, LM. (A) whole haustorium view. Scale bar — 500 mm (B—G) highlight-
ed are the different regions/elements of the mature haustorium, (B) cortex and periderm (the
mantle), (C) vascular core, (D) central parenchymatous core, (E) axial strands (and terminal
elements) connecting host and parasite xylem, (F) host root tissue (transverse section), (G)
endophyte (the part of the central parenchymatous core that penetrates the host tissue).
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5.3.3 Haustoria

The haustoria of K. lappacea usually are rounded, blackish structures up to 4 mm wide and
10 mm long. Krameria haustoria are formed on both primary and lateral roots of its hosts and
are by definition secondary haustoria (Kuijt, 1969). Haustoria are mostly laterally attached
to the host root, although some smaller host roots may be almost completely surrounded by
them. The parent root of the haustoria is structurally similar to the lateral roots and termi-
nates in the haustorium body. The haustorium body is a depressedly-globose structure much
wider than the parent root. It forms a broad collar on the host root surface effectively obscur-
ing the point of entry of the endophyte into the host root (Fig. 5.2 D). The mature haustorium
body is histologically complex (Fig. 5.3 A). Periderm and cortex anatomically resemble that
of the parent root, with abundant crystal druses in the cortex parenchyma (Fig. 5.3 B). The
central portion of the haustorium body contains tightly bundled vascular tissue and repre-
sents the vascular core (Fig. 5.3 C), proximally (towards the parent root) bordering on the in-
terrupted zone (Fig. 5.2 E). The interrupted zone consists of parenchyma cells scattered with
vessels forming a connection between the vascular core and the parent root xylem. Distally,
towards the host root, the central parenchymatous core extends to the contact zone with the
host. This central parenchymatous core consists of smaller and thin-walled, tightly packed,
isodiametric to elongated cells which are provided with conspicuously large nuclei (Figs.
52 F &1, 5.3 A). The tracheary elements of the central parenchymatous core represent the
axial strands forming the xylem connection between the vascular cylinder of the host and the
vascular core of the haustorium (Fig. 5.3 E). The distal part of the central parenchymatous
core, which is embedded in the host root tissue (Fig. 5.3 F), is called the endophyte (Figs.
5.2 G & H, 5.3 G). The endophyte here is conspicuously lobed (Fig. 5.2 F). The vessel cells
of the axial strands that are situated in the endophyte tissue are the terminal elements of the
parasite xylem and provide the connection to the host xylem (Fig. 5.2 I). Phloem cells were

not recognizable in any of our sections in any part of the haustoria.

5.3.4 Pre-haustoria

Some lateral roots were found to terminate in spindle-shaped structures 1-5 mm wide and
2—-6 mm long (Fig. 5.2 J, K). These structures are here interpreted as pre-haustoria. They are
thicker than the adjacent part of the parent root, and the apex has an often fragmented bark
cortex (Fig. 5.2 L), which is likely where the developing haustorium penetrates the host root.
These structures are anatomically similar to the lateral roots, but show a more voluminous
parenchyma with up to 9 layers of thin-walled, more or less rounded cells, which is respon-
sible for the wider diameter of the root tubers. This parenchyma appears to fall into two dis-
tinct regions, a central part which is continuous with the parenchyma of the parent root, and a
distal, outer cap (Fig. 5.2 L). Crystal druses were observed in the inner parenchymatic cells,

but not in the outer cap. The periderm of the root tubers is less extensive than in the lateral
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roots, and organized as one layer of cork cambium and 4-5 cell layers of (cork) phellem cells
(Fig. 5.2 J-L). Tannins appear to be less abundantly present than in the lateral roots. The
cambium, surrounding the xylematic central core, consists of up to 3 cell layers. The vascu-

lar cylinder has a diameter of 0.1-0.2 mm and is less well developed than in the lateral roots.

5.4 Discussion

It has been claimed that all species of Krameria are hemiparasitic based on the observation
of hemiparasitism in 7 of the 18 species recognized (Simpson, 1989a, 2007; Weber, 1993).
This assumption can be clearly confirmed for K. lappacea: we documented a large number
of haustoria on the roots of K. lappacea and the absence of both fine roots and root hairs in
young plants. These findings indicate obligate hemiparasitism for the species. Compared to
published data on K. erecta, K. bicolor and K. lanceolata (Simpson, 1989a) we could iden-
tify an even wider range of host plants for K. lappacea, including an additional four angio-
sperm families (Caryophyllaceae, Ledocarpaceae, Malvaceae and Portulacaceae) as hosts
for Krameria and confirming other families previously documented. Another 18 host plant
species are here documented for Krameria, nearly doubling the number from the previously
known 23 to 41. Krameria parasitizes a very broad range of host plants, including herba-
ceous and woody taxa and angiosperms and gymnosperms. Further studies in other parts of
the natural range of K. lappacea will likely reveal additional host species, since few if any of
the host plants here recorded are present throughout the range of K. lappacea. The hemipa-
rasitic nature of Krameria, that is documented here for the first time, has to be seen in light
of the fact that the plants can reach a considerable size and are naturally (i.e., on those areas
where they have not been commercially collected in the past) very common. Recent stud-
ies clearly indicate that parasitic plants may play a crucial role in maintaining biodiversity
(Callaway and Pennings, 1998; Joshi et al., 2000; Press and Phoenix, 2005; Pennings and
Callaway, 1996; Watson, 2009). This may be particularly true for K. lappacea in its (semi-
) desert habitats, where a relatively small number of other perennial species are present
and likely all of them are affected by K. lappacea in their ecological performance, possible
leading to reduced vigour and cover, as shown for other root parasites (Joshi et al., 2000).
A considerable proportion of the plant diversity in these habitats is found in the annual and
ephemeral species (Weberbauer,1945), which would be promoted in their development by
a selective suppression of perennial and shrubby species. Uncontrolled wild harvest of the
species may thus negatively affect the plant communities and their biodiversity, with the ef-
fects reaching well beyond the numerous animal species directly dependent on Krameria.
There are copious data on animal species dependent on Krameria for food or cover, primar-
ily from North America (Anthony, 1976; Anthony and Smith, 1977; Bernard and Brown,
1977; Brown, 1950; Gimenes and da Lobao, 2006; Goldberg and Turner, 1986; Hanley and
Brady, 1977; Hayden, 1966; Miller and Gaud, 1989; Rautenstrauch et al., 1988; Simpson,
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1989b; Simpson et al., 1977; Szaro and Belfit, 1986, 1987; Urness, 1973; Urness and Mc-
Culloch, 1973; Webb and Stielstra, 1979). Detailed studies from South America would be

desirable for a better understanding of the ecological importance of this endangered species.

K. lappacea shows rather primitive characters for a terrestrial hemiparasite in terms of spe-
cialization, such as the exclusive formation of secondary haustoria, lack of organ reduction
(stems and leaves normally developed), large seeds, low host-specificity and the ability to
germinate in the absence of a host Weber (1993). Cultivation of Krameria to produce the
Rhatany-roots for the national and international trade will be complicated by the need to cul-
tivate it together with at least one of its host plants. On the other hand, it seems unlikely that
the availability of host plants is a limiting factor for the natural distribution and abundance
of K. lappacea, since it appears to be very unspecific in its host plant choice. Morphology
and anatomy of K. lappacea haustoria closely resemble those described for North American
congeners as described by Cannon (1910, 1911) and Musselman (1975). Similarity covers
all main aspects of haustorium histology, e.g., presence of transition zone, interrupted zone
vascular core, the central parenchymatous core including the vessels (axial strands) and
lobed endophyte, tanniniferous cork, but also details such as the presence of crystal druses
in the periderm and the parenchyma (Musselman, 1975). Haustorial structure in Krameria

thus appears to be relatively conserved across the genus.

K. lappacea is an important source of income for part of the rural population, especially in
Peru. Conservation and adequate management for the species should therefore have high
priority. The data here presented provide a first step towards a biological understanding of
this overexploited and increasingly rare species. Unfortunately, there are no published data
on the abundance of K. /appacea across its range and nothing is known about its growth rates
or natural recruitment. Future studies should be directed towards an improved understanding

of these factors in order to formulate strategies for its conservation and sustainable use.
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6 Now, where did all the Rhatanies
¢0? Abundance, seed ecology, and
regeneration of Krameria lappacea from
the Peruvian Andes

6.1 Introduction

Krameria lappacea (Dombey) Burdet & B.B.Simpson is a slow-growing shrub from Andean
semi-deserts of Peru, Southern Ecuador, Northern Argentina, Chile, and Bolivia. It is an ob-
ligate root hemiparasite parasitizing a wide range of flowering plants (Brokamp et al., 2012;
Simpson, 2007). The zygomorphic oil-flowers develop into large, one-seeded, glochidiate
fruits typical of the genus (Simpson, 1982, 2007). Krameria seeds germinate happily in the
absence of a host plant (Kuijt, 1969), but plantlets need the connection to a host within a
short period of time in order to survive (Musselmann, 1996). Optimal temperature for germi-

nation is reported to be 24 °C (for K. lanceolata, Musselmann and Mann, 1977).

For species of several plant families that dwell in arid environments it is reported that seed
burial into the upper soil layer (<5 cm depth) significantly enhances seed germination (Beck
and Vander Wall, 2010; Froud-Williams et al., 1984; Martinez-Duro, et al., 2009; Ren et al.,
2002; Vander Wall, 1993; Waitman et al., 2012), however, in Krameria lappacea the effect

of seed burial on germination success has not been investigated so far.

Krameria lappacea represents a well-known medicinal and dye plant with various reported
traditional uses (Bussmann et al., 2010, 2011; Bussmann and Sharon, 2006; De la Cruz et
al., 2005, 2007; Hilgert, 2001; Nufez et al., 2009; Thomas et al., 2009a). Root extracts of
K. lappacea have been considered as medicinal since pre-Colombian times (Daems, 1981;
Simpson, 1991). Pharmacological properties are generally centred around the astringent and
anti-inflammatory properties of its tanniniferous root extracts (Simpson, 1989a, 1991). Over
200 years ago K. lappacea was introduced into European medicine as “ratanhiae radix”,
resulting from the advocacy of its use by Hipolito Ruiz (Daems, 1981; Ruiz, 1797, 1799;
Simpson, 1991), and over the years found its way into many pharmacopoeias (Komission
E, 1989). Today Krameria root extracts are used in a range of cosmetic and pharmaceutical
preparations, particularly in oral care products (Adwan et al., 2012; Grazi, 2008) due to their
antioxidant, antifungal, and antimicrobial activities (Artini et al., 2012; Carini et al., 2002)
and have gained high-profile as promising ingredients in several cosmetical and pharma-
ceutical preparations (Adwan et al., 2012; Artini ef al., 2012; Bussmann et al., 2010, 2011;
Carini et al., 2002; Tiemann et al., 2007). Among verifiable active compounds are tannins
(catechins and proanthocyanidins), lignans, and neolignans (Artini ef al., 2012; Baumgartner

et al., 2011; Carini et al., 2002; Scholz and Rimpler, 1989).
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The roots are widely sold (under the name Rhatany or Ratanhia), locally to internation-
ally, with no data available on the overall Rhatany harvest in Peru. Rhatany is destructively
harvested from natural populations and commercial cultivation is unknown (Weigend and
Dostert, 2005). Despite its traditional (domestic) use over its entire distributional range,
commercial sourcing mainly takes place in Peru (Weigend and Dostert, 2005), probably
because of a comparatively lower abundance in the other countries such as in, e.g., Bo-
livia (c.f., Thomas et al., 2009b). Between 2000 and 2004 Peru exported an average of 33
tonnes of Rhatany roots per year. Due to extensive commercialization and the impossibility
of commercial cultivation the wild stands of this plant are becoming increasingly rare. Con-
sequently, it is already threatened and commercially extinct in part of its range, particularly
in areas on which wild collection was focussed in the past, i.e., Lima and the central Peru-
vian departments Junin, Ayacucho, and Apurimac (Brokamp et al., 2012; De la Cruz. et al.,
2007; Weigend and Dostert, 2005). Accordingly, K. lappacea is already listed as critically
endangered in close vicinity to highly populated areas (i.e., in Canta, Lima; De la Cruz et
al., 2005, 2007).

In 2001, a German cosmetics and pharmaceutical company, that produces dental care prod-
ucts from Krameria root extracts (Weleda AG), initiated a project to investigate the possibili-
ties for sustainable wild harvest of Rhatany in Peru in collaboration with the GTZ (Deutsche
Gesellschaft fiir Technische Zusammenarbeit, now part of GIZ — Gesellschaft fiir Interna-
tionale Zusammenarbeit), INRENA (Instituto Nacional de Recursos Naturales, now part of
Minag — Ministerio de Agricultura, Ministry of Agriculture of Peru), and botconsult GmbH.
Only few data on the reproduction biology, current distribution and abundance of Krameria
in Peru had been published. Therefore, extensive investigations were undertaken in order
to establish a basis for a shift from over-exploitation towards a sustainable management of
this resource (Weigend and Dostert, 2005). The data here presented include abundance data
from several regions in Peru (Dept. Arequipa — San Antonio & Chuquibamba, Dept. Ancash
— Caraz, Dept. Cajamarca & Amazonas — Balsas, Dept. Junin — Tarma, Dept. Moquegua —
Omate) and the current state of K. lappacea populations regarding their natural rejuvenation.
Furthermore, we provide experimental results on Ratanhia germination, which are relevant

to the management options available.

6.2 Material and Methods

6.2.1 Study areas

Field studies were carried out between 2004 and 2012 at overall 19 sites in the Peruvian
Andes at altitudes ranging from 880 to 3050 m above sea level (in 6 locations within the
departments Amazonas, Cajamarca, Ancash, Junin, Moquegua, and Arequipa). Subsistence

agriculture, livestock breeding, and extraction of plant resources from the wild are among
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S6

Table 6.1 Detailed information on all study locations

Origin and number of acquired inventory data, extent of wild collection, data collectors and time of data collection.

Study area Location Extent of wild No. of inventories Field work
collection (100 m?)

Balsas 1 Department Amazonas, Province Chachapoyas, Locality: Intensive commercial 16 Henning & Brokamp,
along the road from Balsas to Chachapoyas, 2 km SE of plant collection in the May 2006
Balsas, 06°51°22.4°’S, 078°00°26.4”°W, 880 m. past.

Balsas 2 Department Cajamarca, Province Celendin, Locality: along Intensive commercial 15 Henning & Brokamp,
the road from Celendin to Balsas, 6 km W of Balsas, plant collection in the May 2006
06°50°49.6°’S, 078°02°20.9”°W, 1176 m. past.

Caraz 1 Department Ancash, Province Huaylas, Locality: 5 km after Domestic plant 15 Weigend, Henning,
Caraz, north of the road to Casma, 08°59°54.1°’S, collection only. Schwarzer & Brokamp,
077°49°24.9”°W, 2200 m. April 2006

Caraz 2 Department Ancash, Province Huaylas, Locality: 5 km after Domestic plant 7 Weigend, Henning,
Caraz, south of the road to Casma, 08°59°54.1°’S, collection only. Schwarzer & Brokamp,
077°49°24.9°W, 2200 m. April 2006

Tarma 1 Department Junin, Province Tarma, Locality: north of the road Intensive commercial 17 Henning & Brokamp,
from Tarma to La Merced, close to Vilcabamba, 11°21°24°’S,  plant collection in the May 2006
075°37°15.6°W, 2912 m. past.

Tarma 2 Department Junin, Province Tarma, Locality: south of the Intensive commercial 14 Henning & Brokamp,
road from Tarma to La Merced, close to Vilcabamba, plant collection in the May 2006
11°21°24°°S, 075°37°15.6’W, 2912 m. past.

Omate Department Moquegua, Province General Sanchez Cerro, Intensive commercial 10 Ackermann, December

Locality: along the road from Omate to Tamina,
16°33°19.7°’S, 070°59°44.8°W, 2540 m.

(marauding) plant
collection in the past.

2006




Table 6.1 Detailed information on all study locations (continued)

Origin and number of acquired inventory data, extent of wild collection, data collectors and time of data collection.

San Antonio Al

San Antonio A2

San Antonio A3

San Antonio Bl

San Antonio B2

San Antonio B3

Department Arequipa, Province Arequipa, Locality: close to
San Antonio de Yarabamba, on the western foot of the hills,
just outside the extractive reserve established by INRENA and
the WELEDA AG in 2003, 16°34°56’S, 071°27°19°W, 2648
m.

Department Arequipa, Province Arequipa, Locality: close to
San Antonio de Yarabamba, eastern slope and crest of the hill,
inside the extractive reserve (see San Antonio Al),
16°35°18’S, 071°27°31°W, 2699 m.

Department Arequipa, Province Arequipa, Locality: close to
San Antonio de Yarabamba, western slopes, inside extractive
reserve (see San Antonio Al), 16°36°36°’S, 071°26°53°W,
3012 m.

Department Arequipa, Province Arequipa, Locality: close to
San Antonio de Yarabamba, , inside the extractive reserve (see
San Antonio Al), hillside of Mount Pedregoso, west of
Quebrada Cachihuasi, 16°34°38.9°’S 071°27°18.2”°W, 2450-
3050 m.

Department Arequipa, Province Arequipa, Locality: close to
San Antonio de Yarabamba, , inside the extractive reserve (see
San Antonio A1), hillside of Mount Santa Catalina, between
Quebradas Abra Grande and El Huarangal, 16°34°53.3’S,
071°27°19.6°W,2450-3050 m.

Department Arequipa, Province Arequipa, Locality: close to
San Antonio de Yarabamba, , inside the extractive reserve (see
San Antonio A1), hillside of Mount Santa Catalina, between
Quebradas El Huarangal and La Despachana, 16°34°33.2°’S,
071°27°16.4°W, 2450-3050 m.

Intensive commercial
plant collection in the
past.

Intensive commercial
plant collection.

Intensive commercial
plant collection.

Intensive commercial
plant collection.

Intensive commercial
plant collection.

Intensive commercial
plant collection.

5

23

12

18

18

18

Weigend & Aguilar,
April 2004

Weigend & Aguilar,
April 2004

Weigend & Aguilar,
April 2004

Aguilar, May-
November 2004

Aguilar, May-
November 2004

Aguilar, May-
November 2004
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L6

Table 6.1 Detailed information on all study locations (continued)

Origin and number of acquired inventory data, extent of wild collection, data collectors and time of data collection.

Chuquibamba 1 Department Arequipa, Province Condesuyos, Locality: Privately controlled 10 Caceres, April-May
Chuquibamba, Zona de Arequipilla, Quebrada Los Sunchos, commercial plant 2012
15°54°06°’S, 072°36°27°W, 2527 m. collection.

Chuquibamba 2 Department Arequipa, Province Condesuyos, Locality: Privately controlled 10 Caceres, April-May
Chuquibamba, Quebrada de Pampas de Asia, 15°53°11°’S, commercial plant 2012
072°37°55°W, 2650 m. collection, area

harvested in 2011.

Chuquibamba 3 Department Arequipa, Province Condesuyos, Locality: Privately controlled 10 Caceres, November
Chuquibamba, Pacaychacra, 15°53°34°°S, 072°34°22°W, commercial plant 2011
1722 m. collection.

Chuquibamba 4 Department Arequipa, Province Condesuyos, Locality: Privately controlled 10 Caceres, November
Chuquibamba, Arequipilla Baja, 15°51°28”°S, 072°38°03’W,  commercial plant 2011
2445 m. collection.

Chuquibamba 5 Department Arequipa, Province Condesuyos, Locality: Privately controlled 5 Caceres, October 2010
Chuquibamba, Quebrada Honda, 16°11°47°°S, 072°49°04°W, commercial plant
1850 m. collection.

Chuquibamba 6 Department Arequipa, Province Condesuyos, Locality: Privately controlled 5 Caceres, October 2010
Chuquibamba, Quebrada de Pachana, 16°04°37°’S, commercial plant
072°43°42>°W, 1688 m. collection.

Total inventory 238

number




the main activities of locals in these areas. The type of and intensity of Ratanhia harvest
differs dramatically between the different study areas: In Caraz, harvest is only for the local
market, with very low overall intensity. In San Antonio there is both harvest for the local
and regional (Arequipa market) and for the purposes of export, with the collection area very
well accessible by road. Balsas has been subject to massive commercial collection, start-
ing between 1998 (when the populations were still virtually untouched) and ca. 2005. For a
while, it supplied the bulk of the Ratanhia exported to, e.g., Germany. Similarly, Ratanhia
was still very abundant in Omate 2006, but was then virtually destroyed by illegal harvest
for the smuggling to Bolivia (from where it was sold as “cultivated in Bolivia” to Germany).
In Tarma, there is a flourishing local trade and also transport to Lima, since the plant is there
sold on the city markets. Chuquibamba is a very special case, since it is a fairly inaccessible
area, and Ratanhia-collection is in the hands of essentially one family, which supplies to
market in Arequipa and exports to some degree. Here, sustainable harvest techniques are
traditionally employed in order to ensure the continuous regeneration of the populations.

Detailed information on all study locations is provided in Table 6.1.

6.2.2 Species

Krameria lappacea (Domb.) Burdet & B.B.Simpson (Ratanhia or Rhatany) is a slow-grow-
ing shrub of the semi-deserts in the Andes of Peru, southern Ecuador, northern Argentina,
Chile and Bolivia, occurring at elevations from sea level to 3600 m above sea level. It be-
longs to the Krameriaceae Dumort, a monogeneric family of 18 species native to the deserts
and semi-deserts of the Americas (Simpson, 1989a). Ecologically K. lappacea is of particu-
lar interest because it is a highly generalistic, but obligate terrestrial hemiparasite providing
forage for a wide range of wild and domestic animals (see Brokamp et al., 2012); highly
specialized bees of the genus Centris collect oil from the elaiophores within its zygomorphic
flowers, which develop into striking one-seeded, glochidiate fruits (Simpson et al., 1977,
Simpson, 1982).

6.2.3 Methods

6.2.3.1 Precipitation rates in the study areas

Data on monthly precipitation rates of the past five years were obtained from the SENAMHI
website (Servicio Nacional de Meteorologia e Hidrologia; SENAMHI, 2013) and the five
year means of monthly and annual precipitation rates were calculated for the areas under
study (except for Balsas, where some data was missing, resulting in a four year mean only).
Data used came from the closest possible meteorological stations from roughly the same
altitudes as the study locations are situated (Table 6.2).
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Table 6.2 Meteorological stations

Data on precipitation rates obtained from meteorological stations (SENAMHI) close to the
study locations.

Corresponding study area Name and location of meteorological stations Data available

Balsas Balsas 472501F4: 06°50°39°°S, 078°01°50°’W, 850 m September 2007-March 2013 (data missing for some
months between October 2009 and November 2012)

Caraz Yungay 444: 09°08°59.7°’S, 077°45°03.7°W, 2527 m October 2007-September 2012

Tarma Tarma 554: 11°23°49”’S, 075°41°25°W, 3200 m May 2007-April 2012

Omate Omate 850: 16°40°39°’S, 070°58°57’W, 2080 m February 2008-January 2013

San Antonio La Pampilla 839: 16°24°12.2°’S, 071°31°00.6°’W, 2400 m October 2007-September 2012

Chuquibamba Chuquibamba 750: 15°50°17°’S, 072°38°55>"W, 2832 m; November 2007-October 2012

Pampacolca 751: 15°42°51°’S, 072°34°03”’W, 2950 m;
Yanaquihua 864: 15°46°59.8°°S, 072°52°57°W, 2815 m

6.2.3.2 Soil analyses

Soil samples from 3 different locations corresponding to the study areas Caraz, Omate, and
San Antonio were collected as representative for the typical soil in the habitat of K. lappa-
cea. Soil samples were taken from the top 30 cm (approximately the area where most roots
are found), with 5 subsamples from the sites mixed and then analyzed. Soil was not sieved
prior to analysis. Soil analysis was performed at the laboratories of the University of Areq-
uipa (UNSA). Soil pH was determined in a ratio 1:1 suspension of soil in water. Organic
matter was calculated from organic carbon estimated by oxidization with dichromate in the
presence of H2SO4, without application of external heat. Soil texture was determined by the

hydrometer method (see Dewis and Freitas, 1984).

6.2.3.3 Population inventories

Population inventories are based on a total of 238 plots (10 x 10 m) at 19 sites in in 6 de-
partments across Andean Peru (see Table 6.1). Plots were delimited in the shape of a square
using four ropes (of 10 m length each) with loops at their ends, which were attached to the
ground by means of screwdrivers. Adjacent plots were created by leaving two screwdrivers
in the ground and moving the two other screwdrivers when delimiting the next plot.

For each plot all individuals were counted and the number of individuals for each of the
three size-classes (I) seedling, (II) juvenile, and (III) adult was recorded. (I) Seedlings were
defined by the presence of cotyledons only, (II) juveniles by presence of foliage leaves, the
low degree of lignification (only main stem lignified), and a maximum of two branching
orders, and (III) adults by the degree of lignification (stem and branches lignified), branch-
ing at least of three orders, and the formation of generative organs (buds, flowers, fruits).
Additionally, excavation holes from recent harvest events were recorded in the study areas

in Balsas, Caraz, and San Antonio.
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6.2.3.4 Seed material and design of germination experiment

In April 2009, 795 mature K. lappacea fruits were collected ca. 4 km NW of Omate (Dept.
Moquegua, Peru; 16°39°26.7”°S, 071°0°2.76W, 2500 m) and stored in a zip-loc bag. Six
hundred undamaged, fully developed fruits were used for the experiments on germination
success, of which 300 were pre-treated as described below. Another seed lot of 257 seeds

was collected at the same locality in October 2012.

On October 8th 2011, in total, 6 different experiments were set up with 100 fruits each.
Three different sow depths were examined: (I) on the soil surface, (I) in 5 cm, and (IIT) in
10 cm sow depth. For each of the 3 different sow depth experiments 10 pots (height = 15
cm) were prepared with 10 inserted fruits each. This experimental setting of 3 x 10 pots (3
x 10 pots x 10 fruits = 300 fruits) was prepared duplicatively, i.e., a complete batch of pots
was assembled with untreated fruits (as collected from the wild) and a second batch of pots
was assembled with pre-treated fruits (thoroughly ground with sand to roughen the pericarp
and remove its hairs, Table 6.3). As substrate an unfertilized mixture of steamed compost
and fine river sand (1:1) was used, roughly representing the soil composition and structure
of K. lappacea’s natural habitat (see Table 6.6). The substrate was mixed all at once in a
clean plastic container and then distributed into the pots in order to ensure a homogene-
ous mixture in the individual set ups. Pots were watered equally only once a week to avoid
elevated soil moisture and waterlogging. Temperature range in the greenhouse was 20-27
°C, duration of light was 12 h/day (optimum temperature for germination is reported to be
24 °C for K. lanceolata; Musselmann and Mann, 1977). Seed germination was determined

by counting the developed seedlings that were visible at the soil surface and at the close of

Table 6.3 Germination experiment

Experimental design

Sow depth (cm) Untreated Pre-treated

0 10 pots x 10 fruits 10 pots x 10 fruits
5 10 pots x 10 fruits 10 pots x 10 fruits
10 10 pots x 10 fruits 10 pots x 10 fruits

the experiment (December 15th 2009) by screening the soil in order to separate and count
the number of germinated (but at the soil surface not visible) and not germinated seeds. The
number of germinated seeds for each treatment was recorded. Host plants are not required
for germination, so the experiment was carried out without host plants in the pots (Kuijt,
1969; Musselmann, 1996).
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6.2.4 Statistical analyses of data

Statistical analyses were performed using SPSS (Levene’s and t-tests; IBM Corp., 2012) and
R (Kruskal-Wallis- and Mann-Whitney-U tests; R Development Core Team, 2008).

6.2.4.1 Population inventories

The Levene’s Test was applied pairwise among all data sets from the different study sites to
test for homogeneity of variance. In order to test for significant differences between the 19
study locations regarding number of counted individuals per size class (seedling, juveniles,
adults) and abundance the Kruskal-Wallis-test was applied. Since the data was not normally
distributed, the Mann-Whitney-U Test was used post hoc for pairwise testing of the data
from the 19 study locations regarding abundance and number of counted individuals per size

class.

6.2.4.2 Germination experiment

The significance of differences between number of successfully germinated seeds for each
experimental setting was tested pairwise with the help of both Mann-Whitney-U- and t-tests

because a part of the data was normally distributed and another part was not.

6.3 Results

6.3.1 Precipitation rates in the study areas

Across all study areas the major portion of rainfall occured in the austral summer leading
to a distinctive seasonality: In the study areas situated in the departments Moquegua and
Arequipa (i.e., Omate, San Antonio, and Chuquibamba) January and February represented
the months with most rainfall, while here all the rest of the year (March—December) monthly
rainfalls were extremely low (<20 mm/year) or did not occur at all. This seasonality was
less sharply defined in the study areas Balsas, Caraz, and Tarma however, here a period of
extremely low monthly precipitation was readily distinguishable between March and De-

cember.

Caraz showed by far the highest mean annual precipitation, which was almost double the
amount when compared to the area with the next highest quantity of annual rainfalls (Tarma)
and more than twice the amount in relation to the average annual precipitation of 335.5 mm/
year across all areas included in the here presented study. Very low annual precipitation rates
(>300 mm/year) were found in all other study sites. Five year mean monthly and annual

precipitation rates are presented in Table 6.4.

There is considerable inter-annual variation in overall precipitation. This was particularly
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Table 6.5 Mean monthly and annual precipitation

Data from three meteorological stations (mm) in the region Chuquibamba (October 2009—September 2012).

Period Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total/year
2009-2010 0.0 00 2.1 90 398 19 115 24 00 00 00 0.0 66.7
2010-2011 0.0 00 05 225 1386 2.1 145 08 00 01 00 0.0 179.0
2011-2012 0.0 03 165 844 2227 453 497 00 00 00 00 03 4192

Table 6.4 Precipitation rates in the study areas

“Due to some missing data (see Table 6.2) from the meteorological station in Balsas (SENAMHI 472501F4) here a 4 year mean is available only.

Location 5 year mean precipitation rates in the study area 2007-2012(-2013%) obtained from SENAMHI
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total/year

Balsas® 41.3 55.3 28.2 46.2 22.1 315 23.1 12.5 2.6 0.6 2.5 7.4 273.1
Caraz 67.6 91.4 116.4 119.9 107.2 159.1 123.3 13.7 39 0.0 0.4 8.9 811.8
Tarma 44.0 34.9 63.7 59.1 72.8 60.2 45.5 11.6 2.4 6.4 4.4 11.0 4159
Omate 0.0 0.2 19.5 51.8 88.3 12.9 8.8 1.0 0.0 0.0 0.3 0.0 182.9
San Antonio 0.0 0.0 3.5 48.8 59.8 9.8 52 0.0 0.0 0.1 0.1 0.0 127.4
Chuquibamba 0.0 0.1 4.7 58.1 107.7 14.8 15.7 0.6 0.0 0.2 0.0 0.1 202.0
Mean 25.5 30.3 39.3 64.0 76.3 48.0 36.9 6.6 1.5 1.2 1.3 4.5 3355
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pronounced in the study sites in the Departments Arequipa and Moquegua. In the region
Chuquibamba (Arequipa), for example, annual mean precipitation was very low in the pe-
riod October 2009—September 2010 (66.7 mm), almost three times as high in the period
October 2009—September 2010 and more than six times as high in the period October 2011—
September 2012 (Table 6.5).

6.3.2 Soil analyses

Results from soil analyses are presented in Table 6.6. Soil at the study sites generally was

Table 6.6 Results from the soil analyses

Soil composition and pH from three study locations.

Area name Origin of soil sample pH  Organic Composition Textural class
matter (%) (Sand/Lime/Clay, %)

Caraz Dept. Ancash, Prov. Huaraz, Inner- 76 1.2 66.00/20.00/14.00 Sandy loam
andean dry valley, 5 km after Caraz on
the road to Casma, 08°59°54.1°°S,
077°49°24.9°W, 2200 m

Omate Dept. Moquegua, Prov. General 6.5 0.0 93.48/4.64/1.88 Sandy soil
Sanchez Cerro, between Omate and
Moquegua, directly beneath Moquegua,
Urinay, 16°42°23.3"'S,
071°59°40.2""W, 1120 m

San Antonio Dept. Arequipa, Prov. Arequipa, 3-4km 4.4 0.0 94.32/3.32/2.36 Sandy soil
from Yarabamba, 16°34°24.6’S,
071°28°27.36°W, 2545 m

composed of sand, lime, and clay usually without any visible organic matter (1.2 OM% in
Caraz). While sand was the dominant soil component (93-94%) at Omate and San Antonio,
the portion of lime and clay was notably higher at the sampled site in Caraz. Results from
soil analyses were used as a guideline in the experimental design for the experiment on ger-

mination success in order to roughly meet the conditions in K. lappacea’s natural habitat.

6.3.3 Population inventories

Results from the Kruskal-Wallis-test supported a highly significant difference between the
19 locations in all cases (number of seedlings, juveniles, and adults, and abundance per 100
sqm: X2 =136,759; 118,607; 131,116; 143,875; df = 18; p <0.001). The Mann-Whitney-U
test was performed for the whole data set in spite of the fact that the Levene’s tests revealed
that some data sets showed homogeneity of variance while others did not. In the latter case

results of the U-test are given in brackets (Appendix B).
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Fig. 6.1 Mean abundance versus mean number of adult K. lappacea plants

(A) Mean abundance versus (B) mean number of adult K. lappacea plants per 100 sqm (+SE) across Peru.
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Fig. 6.2 Results of the population inventories
(A—C) Mean number of individuals per size class (seedling, juvenile, adult) and mean total

number of K. lappacea individuals per 100 sqm (mean abundance) from several study loca-
tions across Peru.
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Mean abundance across all 19 study locations was 13.7 £ 0.9 K. lappacea individuals/100
sqm with by far highest mean values for Caraz (Caraz 2: 54.7 £ 9.2 ind./100 sqm, Caraz 1:
32.1+7.9 ind./100 sqm) and lowest mean values for the plots in San Antonio A1 (0.2 £0.2
ind./100 sqm) and Omate (1.6 = 1.3 ind./100 sqm). Mean number of adults across all study
locations was 7.0 = 0.5 ind./100 sqm with by far the highest number of adult individuals
in Caraz 2 (37.7 £ 5.0 ind./100 sqm) and the lowest number in San Antonio Al (0.2 + 0.2
ind./100 sqm) and Omate (0.3 + 0.2 ind./100 sqm, Fig. 6.1; Fig. 6.2 A & B). In spite of the
high mean abundances for Chuquibamba 1-4 (26.5 + 1.6, 28.0 £ 1.6, 24.5 + 1.2, and 26.1 £+
1.8 ind./100 sqm) the proportion of adult plants was found to be high only in Chuquibamba
3 (17.4 £ 1.1 adult ind./100 sqm) and extremely low in Chuquibamba 2 (3.0 £ 0.5 adult
ind./100 sqm), where adult plants made up only 10.7% of the total individuals (compared to
the corresponding mean of 51.4% for Chuquibamba 1-4; Fig. 6.1; Fig. 6.2 C & Table 6.7).

Number of juveniles across all study locations was 4.0 + 0.3 ind./100 sqm with the highest
numbers in Chuquibamba 1, 2, and 4 (10.1 £ 1.4, 11.7 = 1.0, and 11.9 £+ 1.1 ind./100 sqm,
followed by Caraz 2 (8.4 = 1.6 ind./100 sqm), and the lowest numbers ascertained in Bal-
sas (1 & 2), Omate (0.4 + 0.3, 0.7 £ 0.3, and 0.3 = 0.3 ind./100 sqm), and San Antonio Al
respectively, where no juveniles were present at all. Mean number of seedlings across all
study locations was 2.6 + 0.2 ind./100 sqm with by far the highest numbers in Chuquibamba
1, Chuquibamba 2, and Caraz 1 &2 (9.6 £1.3,13.3+0.8, 11.3 £5.1, and 8.6 = 3.3 ind./100
sqm) and the lowest numbers in San Antonio B1-3 (0.2+0.1,0.8 £0.4,and 0.6 £0.3 ind./100
sqm), Omate (1.0 = 0.8 ind./100 sqm), and Balsas (1 & 2), Tarma (1 & 2), San Antonio A1,
Chuquibamba 5 & 6 respectively, where no seedlings were present at all (Fig. 6.2 A-C &
Table 6.7). Mean number of documented digging holes (= recent harvest) ranged from 0.0 +
0.0 to 5.7 £ 1.2, with the highest numbers recorded in San Antonio B1-3 (Table 6.7). Raw
data from population inventories are provided in Appendix B1, and the corresponding results

of the statistical analyses are given in Appendix B2.

6.3.4 Fruits and Germination

Of the 795 K. lappacea fruits collected in April 2009, only 45 (i.e., ca. 6%) were damaged
by rodents or beetles. Conversely, 233 (91%) of the 257 fruits collected at the same locality

in October 2012 were damaged and only 24 were undamaged.

Overall range of the documented germination success was 0—10 seeds per pot. Germination
success of unburied seeds was significantly lower (28 + 15% untreated and 16 + 13% pre-
treated) than for seeds buried 5 cm (82 + 9% untreated and 85 + 7% pre-treated) and 10 cm
(88 + 8 untreated and 86 + 8 pre-treated, p < 0.001 for both t-tests and Mann-Whitney-U
tests). No significant differences were found neither between depths of fruit burial (5 vs.

10 cm) nor between treated and untreated seeds. Untreated seeds germinated slightly more
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Table 6.7 Data from population inventories

Mean number of K. lappacea individuals per size class (Seedling, Juvenile, and Adult), mean individuals harvested (digging holes counted) and
mean abundance (£ SE) from 19 study areas across Peru with (N) number of inventories from each area (10 x 10 m plots). Statistical results are
presented in Appendix B2, na — not available.

Study area N Seedling Juvenile Adult Harvested Mean abundance
Balsas 1 16 0.0+0.0 04+03 2.8+0.7 1.4+0.5 33+0.7
Balsas 2 15 0.0£0.0 0.7+0.3 45+0.8 0.0+0.0 52+1.0
Caraz 1 15 11.3+5.1 33+0.8 17.6 £3.1 0.0£0.0 32.1+79
Caraz 2 7 8.6+33 84+1.6 37.7+5.0 0.0£0.0 54.7+9.2
Tarma 1 17 0.0+0.0 24+0.6 3.8+0.6 na 6.1+1.0
Tarma 2 14 0.0+ 0.0 2.3+0.6 6.1+0.9 na 84+1.3
Omate 10 1.0+0.8 0.3+0.3 0.3+0.2 na 1.6+1.3
San Antonio Al 5 0.0+0.0 0.0+0.0 02+0.2 0.0+0.0 02+£0.2
San Antonio A2 23 27+1.1 3.9+0.9 43+1.1 20+04 109+2.0
San Antonio A3 12 1.1+04 1.9+0.7 6.0+1.3 0.1+0.1 9.1+2.1
San Antonio B1 18 0.2+0.1 3.1£1.0 39+0.7 46+ 1.0 72+1.6
San Antonio B2 18 0.8+0.4 44+1.0 54+1.2 46+1.1 10.7+2.0
San Antonio B3 18 0.6+0.3 3.7£09 3.8+1.0 5.7+1.2 8.1x1.7
Chuquibamba 1 10 9.6+1.3 10.1£14 94+19 na 265+ 1.6
Chuquibamba 2 10 13.3+0.8 11.7£1.0 3.0+£0.5 na 280=+1.6
Chuquibamba 3 10 2.0+0.8 5.1£0.6 174+ 1.1 na 245+1.2
Chuquibamba 4 10 34+£1.0 119+1.1 10.8 £ 0.6 na 26.1+1.8
Chuquibamba 5 5 0.0£0.0 34+£12 102+ 1.5 na 13.6 +2.1
Chuquibamba 6 5 0.0£0.0 42+1.0 9.6+£0.7 na 13.8+0.9




successfully on the soil surface than the pre-treated seeds. Results of the germination experi-
ment are presented in Table 6.8, documented raw data is to be found in Appendix B1, and
the corresponding results of the statistical analyses (t-test results only) are given in Appendix
B2.

Table 6.8 Mean germination success

(= SE) dependent on sow depth and seed pre-treatment, with N = 10 in all cases. ¢, ® indicate
significant differences (p < 0.01) according to both Mann-Whitney-U-tests and t-tests.

Treatment Untreated Pre-treated
Sow depth (cm) 0 5 10 0 5 10
Mean germination success (%)  28.0+4.7" 82.0+29" 830+25"  160+4.0" 850+22° 86.0+27

6.4 Discussion

6.4.1 Abiotic conditions in the study areas

According to the classification system of ecological zones by Jahnke (1982) and the data
on annual precipitation rates obtained from SENAMHI (years 2007-2013) all study sites
belong to the arid zone, with mean annual amounts of rainfall below 500 mm, except for
Caraz, which falls into the semi-arid zone, with a mean annual precipitation of 500—1000
mm (Jahnke, 1982). Overall, our results confirm the findings of a recent study, which reports
that K. lappacea is mainly found in areas where mean monthly precipitation roughly ranges
between 10 and 75 mm, which corresponds to a mean annual precipitation of 120-900 mm
(Giannini et al., 2011).

Regarding soil composition and the proportion of organic matter in the soil, there is a high
similarity between Omate and San Antonio, but a notable difference of these two sites to
Caraz. This comes about the fact that Omate and San Antonio are located in the Coastal de-

sert and Caraz is situated in an Inner-Andean valley.

6.4.2 Population size and condition

Krameria lappacea populations examined in this study vary notably in size and condition.
Clearly, there are several abiotic and biotic factors that impact on their successful regenera-
tion, which represents the key for viable populations to linger: Soil water availability after
rainfalls and the resulting soil water potential, e.g., is reported to be one of the main abiotic
factors (in addition to temperature) influencing seed germination in plant species that dwell
in arid and semi-arid environments (Adams, 1999; Bochet ef al., 2007; Flores & Briones,
2001; Noy-Meir, 1973). The presence and survival of seedlings from plant species growing

in arid environments has also been reported to be directly linked to water availability (e.g.,
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Wilson & Witkowski, 1998). Soil composition decides on the ground's ability and extent to
that water may be stored and kept available over time. Thus, precipitation rates, temperature
and the resulting evapotranspiration, as well as soil composition determine water availability
and by that generally play a significant role in successful seedling recruitment in arid envi-
ronments, which in turn is essential for a continuous regeneration of plant populations. How-
ever, it remains difficult to judge in how far the differences in climate and soil contribute to
the differences in abundance, but the data obtained are strikingly parallel to the intensity of
harvest. Our results imply that particularly the degree and method of wild harvest represent
the most prominent factors pushing the resilience of examined Ratanhia populations to its

limits.

The populations in San Antonio A1, Omate, and Balsas, where commercial harvest has been
intensive — in some cases even marauding — in the past, are in a poor condition, with lowest
abundance, lowest number of adult plants and a very low number or complete absence of

juvenile stages, which makes continuous existence of these Krameria populations uncertain.

Quite the contrary is the case at the study sites close to Caraz. The populations examined
here show the overall highest abundance, the highest number of adult individuals, and a
high number of juveniles and seedlings, which make out a large proportion of all individuals
(1/3—1/2) indicating that these populations are healthy and in a very good condition. Most
probably this comes due to a combination of several favorable terms, among which relatively
high annual rainfalls and an advantageous soil composition count to the positively affecting
abiotic factors. However, even more importantly appears to be the fact that wild harvest is
here performed on a low domestic level only, which is confirmed by the absence of the typi-

cal digging holes as signs of a recent harvest (see Brokamp et al. 2012, see also Table 6.7).

In Tarma and in the remaining plots near San Antonio de Yarabamba (San Antonio A2 & A3,
B1-3), overall mean abundance is rather low and does not exceed 11 individuals per 100
sqm, however, here at least one third of the present individuals are in the juvenile stage and
accordingly, these populations still are able to regenerate to some degree. All plots near San
Antonio are subject to comparable abiotic factors and the difference in size and condition
of populations between San Antonio Al and all the other plots here (San Antonio A2 & A3,
B1-3) most probably is due to the fact that the latter are situated within the extractive reserve
and thus are better protected than the plot San Antonio A1, which lies just outside the extrac-
tive reserve. Although the documented number of up to 18 digging holes per 100 sqm raises
the question, whether common harvest levels may be too high to be sustainable even within

the extractive reserve.

The plots in the Chuquibamba region represent a special case within our sample and the cor-

responding results from our investigations shed light on several aspects, which are relevant
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in the monitoring of plant populations subject to wild harvest in arid environments: The
close relation between precipitation and presence of seedlings becomes obvious when relat-
ing the number of seedlings documented in these 6 study locations with the corresponding
meteorological data at time of data collection. Admittedly, the three meteorological stations
in the Chuquibamba region, data was obtained from, are not located at the very same sites
and altitudes as the 6 plots. However, the conclusions we draw here are mainly based on the
annual and inter-annual seasonality of rainfalls in the region, not on the absolute amounts
of local precipitation. In Chuquibamba 5 & 6, where data was obtained in October 2010 (a
year with extremely low annual rainfall, dry season, see Table 6.5), not a single seedling was
found (see Fig 6.2 C). In contrast to that, the number of present seedlings was low to mod-
erate when annual rainfall was more intensive (Chuquibamba 3 & 4, 2.0-3.4 seedlings/100
sqm, data collected in November 2011, dry season) and highest, when annual rainfall prior
to the population inventories was high and data was collected shortly after the rainy season
(Chuquibamba 1 & 2: 9.6—-13.3 seedlings/100 sqm, data collected in May 2012, cf. Table 6.5
& Fig. 6.2 C). Therefore, seedling numbers alone are a fairly unreliable parameter for de-
termining the condition of populations in arid environments, especially if data are obtained
in different years and at the end of the dry season. However, a complete lack of recruitment
in Balsas, Tarma, San Antonio A1, and the very low numbers of seedlings in Omate in com-
bination with an overall low abundance and a low number of adults clearly contribute to
the impression that overcollection has seriously damaged these populations. Consequently,
a better means for assessing the condition of populations provides the number of juvenile
individuals and adult plants and the data here show largely congruent results. The low num-
ber of adult individuals in Chuquibamba 2 comes due to the fact that this area has just been
harvested less than a year before the corresponding field data was acquired. Overall, the
Ratanhia populations in the Chuquibamba region are in a viable and healthy condition, even
given the fact that they are harvested regularly. What makes the difference is that the Ratan-
hia populations here are rather difficult to access, privately protected, and managed in a cer-
tain way: Firstly, harvesting is performed in a manner that can be called semi-destructively
because commonly only the main root is extracted, while secondary roots are left behind in
the soil and often are able to regenerate into individual plants. Secondly, a couple of seeds
are reseeded directly into the digging holes, which then are refilled, which fosters continuous

recruitment.

6.4.3 Seed dispersal and germination

Seed (fruit) dispersal in Krameria is extremely inefficient, with the seeds forming huge
coherent mats under the plants, representing several years” seed production (Weigend, pers.
obs.). In theory, fruits should be dispersed by mammals or bird species, since the fruits have

hairs with retrorse barbs that catch on feathers, fur, or clothing (Simpson, 2007). Seed burial
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seems to dramatically affect recruitment: In our experiment we found a threefold increase in
germination in buried versus non-buried seed. In nature, the seeds are likely dispersed and
buried by rodents (e.g., species of the genera Abrocoma, Lagidium, Phyllotis, among oth-
ers), which feed on K. lappacea seeds and fruits (Holmgren et al., 2001; Kuch et al., 2002;
Latorre et al., 2002; R. Aguilar, pers. obs.) and (accidentally or deliberately) collect and
store the fruits in rock crevices or their burrows. There is a high probability that the dispers-
ers are — in this case — also the main predators. The fruit lots collected 2009 and 2012 show
dramatic differences in the degree of seed predation, which was very low (ca. 6%) in 2009,
when Krameria was still abundant in the area (>100 individuals on the corresponding slope),
and extremely high (91%) in 2012, when only a single shrub of the species was left on the
corresponding slope. While these are highly unsatisfactory data, this may indicate that with
decreasing population density the effect of seed predation increases exponentially. Seedlings
are mostly found directly under mature plants, but if distant from any adult Krameria indi-
viduals, then they are found in close vicinity to rocks or in channels resulting from rainwater
drainage. Thus, wind and water may also play an important role in the secondary dispersal

and burial of Krameria seeds (compare Simpson, 2007).

6.4.4 Statistical analyses of data from the population inventories

Although in many cases the documented differences regarding number of individuals per
size class between several study sites were obvious (e.g., Seedlings Balsas 1 vs. Chuquibam-
ba 2, 0.0 = 0.0 vs. 13.3 + 0.8) the statistical means used were not capable of confirming
significance due to the immense inhomogeneity of variance within our sample (i.e., through
rejection of results from the Mann-Whitney-U tests in case the Levene’s test was significant,

see Appendix B2).

6.5 Conclusion

Krameria lappacea is perfectly adapted to arid environments and well established in ar-
eas where mean annual precipitation ranges between 127 and 812 mm, but which in dry
years may receive less than 100 mm. In undisturbed areas that receive relatively high mean
amounts of annual rainfall in our sample (i.e., Caraz) the species may form dense popula-
tions that comprise more than 60 adult individuals and an overall abundance above 100

individuals per 100 sqm across all age classes.

However, the interaction of abiotic and biotic factors (including anthropogenic influences)
put the species under enormous pressure in large parts of its distribution area. Particularly,
in years of rigorously high aridity, especially in areas that experience extreme inter-annual
variability of precipitation rates the harvest of unsustainable amounts clearly impacts the

species’ ability to recover due to an overall very low success of seedling recruitment in these

111



areas. Mismanagement (i.e., destructive harvest and overexploitation) thus easily leads and
already has led to depletion of many Krameria populations in highly disturbed areas (i.e.,
Balsas, Tarma, and Omate), rendering this valuable resource commercially extinct. The con-
sequences of dwindling Ratanhia populations for its habitat (e.g., increased soil erosion) and

the associated flora and fauna (e.g., loss of biodiversity) remain uninvestigated.

In contrast, even in areas that experience very low amounts of rainfall and extreme inter-an-
nual variability of precipitation rates and where Krameria roots are harvested regularly (i.e.,
Chuquibamba and the study areas near San Antonio that are situated within the extractive re-
serve), it is indeed possible to maintain viable populations for the future by implementation
of appropriate management practices. In this, it appears that applied management practices
in Chuquibamba (that include the removal of the primary root only while leaving secondary
roots in the soil for regeneration and manual reseeding into the digging holes) have an over-

all lower impact on the populations than the ones applied in San Antonio.

Seed burial is not obligate, but significantly enhances the germination success of K. lappa-
cea seeds. In some parts of K. lappacea’s distributional range the rainfall conditions (i.e.,
sufficient water ability) required for seed germination occur infrequently only, which leads
to a rather episodic recruitment. Especially in years with low rainfall, the implementation
of more sustainable management practices, e.g., as performed in Chuquibamba, is strongly

recommended in order to foster the conservation of this valuable species.
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7 Conclusions

7.1 Trade in palm products in NW South America

7.1.1 Standardized data collection

The ultimate goal was to provide a tool for the collection of significant and interoperable
data on production and commercialization of palm resources and products. As published by
Johnson (2011) there are two different types of categorization for palm derived products:
The first one is based on whether the product is the chief commercial product or whether it
is generated during processing or harvesting. The second one is based on type and degree
as well as on location and level of sophistication of its processing, which nicely reflects
the overall complexity of the topic (see Chapter 1.2.1). The first draft version of the here
presented standardized research protocol (SRP, Chapter 2, Appendix A), based on the re-
sults from intensive background research on commonly commercialized palm raw materials
and products in NW South America (see Chapter 3.3), was consequently quite theoretical
and too complex to be handled in the field (Chapter 2.2). Particularly the initial separation
into several different questionnaires and corresponding interview forms according to the
activity of interviewees, i.e., harvest, transport, (pre)processing and production, or (re)sale,
turned out to be counterproductive for achieving the main objectives in designing this pro-
tocol (Chapter 2.1). This comes due to the fact that within the value chain of a given palm
product individual interviewees may act in more than only one role and in addition to that
may be actively involved in the production and commercialization of several products and
by-products from several species. However, after several revisions and adjustments, as de-
scribed in Chapter 2.2, and incorporation of additional questions on required permits, official
control and problems encountered by stakeholders when pursuing their activity (Appendix
A2.1, Master Sheet; H14, H15, H19), the final version is thematically comprehensive, easy
to use in the field and allows to obtain a maximum of relevant data in a minimum of time in

a standardized manner.

Despite supreme effort to ensure best usefulness of the here presented SRP, its implementa-
tion is characterized by inherent limits, which may result in data gaps regarding some of
the relevant data from individual interviewees. These limits may either arise on the part of
the interviewer, e.g., by inept behavior and failure in gaining the interviewees trust, or on
the part of the interviewees for many possible reasons, among which are, e.g., limited self-
monitoring, low comprehension of their activities or sometimes limited willingness to share
information with outsiders. Thus, certain crucial skills and character traits on behalf of the
interviewer are required in order to ensure a successful application of the SRP, such as a

basic botanical and commercial knowledge, necessary language skills as well as sufficient
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empathy and persuasive power. Consequently, a successful standardization of data collection
also depends on the performance of individual interviewers, i.e., on the degree to which they
understand and comply with the instructions given in the manual (Appendix A1 Manual) and
whether data is transferred correctly into the provided data capture table (DCT, Appendix
A3). Furthermore, data from verbal reports generally may entail a couple of well known
associated problems, such as lack of objectivity, poor memory, or imprecise articulation.
Therefore it is recommended to always verify obtained interview data with help of additional

information sources (Chapter 2.5; Yin, 2003).

Overall, the here provided SRP, specially designed for the standardized collection of data on
trade with palm resources on local to international levels, works well and can be used, e.g.,
in the data collection prior to a value chain analysis of a given NTFP derived from palms (or
from other useful plants). All components of SRP stand by in English and Spanish language
and were already in use by colleagues for data collection on trade and commercialization of

palm products in Colombia, and Peru (e.g., Vallejo et al., 2011; Vargas Paredes, 2012).

7.1.2 The economically most important palm species

The economically most important palms in northwestern South America are non-native spe-
cies, such as African oil palm (Elaeis guineensis Jacq.) and coconut palm (Cocos nucifera
L.). All over the tropics both have been cultivated massively and are traded internationally
in vast amounts for decades and centuries, respectively. Consequently, both species cover
large tracts of cultivated land in South America and lately the African oil palm is increas-
ingly cultivated in plantations in the Andean countries; particularly, in Colombia, but also in
Ecuador and Peru (Pacheco, 2012). In Ecuador, e.g., it has been introduced in 1953 and was
cultivated since then in order to satisfy the national demand for vegetable oil and to obtain
a new product for exportation (Borgtoft Pedersen & Balslev, 1993). Today, Colombia and
Ecuador are the main countries producing oil palm in South America with cultivation areas
as large as 165,000 and 135,000 ha, respectively (FAOSTAT, 2011). In 2012, Ecuador alone
exported 276,000 tonnes of palm oil at a price of around 275 Mio. US$ (Anonymous, 2012).
These figures provide insight into the high economic importance and potential of palms in
general, indicating the economic significance that single palm species may have, and may
act here as a comparative example to economically important native palm species in north

western S America.

To date, Colombia, Ecuador, Peru and Bolivia all have a considerable international trade in
native palm products. Corresponding data on amounts traded and overall turnover for these
export products are documented and available from official trade statistics (Chapter 3.4.1),
e.g., regarding Ecuador provided by the Central Bank of Ecuador (in Spanish: Banco Cen-
tral del Ecuador, BCE). Blunderingly, the formulated export categories used in this context
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are vague and imprecise, which limits informative content and precision of these data. This
is particularly the case in export products where several species provide comparable raw
materials that are used in the production of the same or similar products (e.g., palm heart,
handicraft products derived from palm timber, fibre or seeds). Internationally traded raw
materials or products from different palm species are typically included in wider categories,
sometimes even together with non-palm products, which makes relevant data on single palm

species imprecise or impossible to ascertain.

Much more problematically, local to national trade in native palm products is only insuffi-
ciently controlled and documented by national authorities, if at all, and thus comprehensive
data up to the national level are difficult or impossible to ascertain from official statistics in
the countries under study (Chapter 3.4.1; De la Torre, 2011).

Despite all that, the data available on international trade clarify that the economically most
important product in this context clearly is canned palm heart (pa/mito). Of the four coun-
tries under study, Ecuador is the principal exporter of palmito in terms of traded amounts
and turnover (2012: 31,000 t; 74 Mio. USS$; Fig 7.1; BCE, 2012) followed by Bolivia, Peru,
and Colombia. Several native species are in use here, either for the domestic or the export
market: Bactris gasipaes is cultivated for the export (Ecuador, Peru) or domestic market
(Colombia), Euterpe oleracea and E. precatoria are harvested from the wild and exported
(Colombia and Bolivia, respectively), and Prestoea acuminata (Ecuador) is harvested from

the wild and commercialized on a local to regional scale (Chapter 3.3.5; Vallejo et al., 2011).

The second most important native palm product or rather raw material from northwestern
South America, which has a long history in international trade (Acosta-Solis, 1948), is vege-
table ivory, the hard endosperm of Phytelephas species, also known as fagua or corozo. This
raw material is obtained from Phytelephas macrocarpa (Peru and Bolivia), P. aequatorialis
(Ecuador) and P. seemannii (Colombia; Chapter 3.3.8; Chapter 4). Vegetable ivory is mainly
composed of mannan polysaccharides (70% of mature endosperm; Timell 1957) and is used
in the manufacture of a wide array of products. The most important export product from this
species represent vegetable ivory discs, called animelas, that are mainly exported from Ec-
uador and used in the production of buttons abroad. Additionally, in all of the four countries
there is an extensive handicraft industry producing figurines, jewelry, buttons, etc., which
are marketed on a local to international level (Chapter 4.1). For each country export values
of commodities produced from vegetable ivory amount to several million US$ per year; ex-
act figures on nationally traded amounts and turnover are unavailable (Chapter 3.4.1). Com-
monly, mature seeds are collected from the ground in wild stands or management systems
that have replaced the original forest, however in times of high demand harvest of immature
infructescences occurs, which leads to raw material of inferior quality, called tagua maceada
(Fig. 4.2 C; Chapter 4.3.4).
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Fig. 7.1 Palm heart exports from Ecuador 1993-2012

(A) Annually exported amount of canned palmito from Ecuador. (B) Total value (free on
board) of annually exported canned palmito from Ecuador.
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Lack of comprehensive relevant data impedes making further apodictic statements here due
to the fact that the remaining palm products are exported in much smaller amounts and
trade is difficult to quantify. However, fruit mesocarp (pulp) and seeds (including fruit oil)
of species from several genera, such as Attalea, Bactris, Euterpe, Mauritia, and Oenocar-
pus, overall are of major significant economic importance or have high economic potential.
Native palm fruit is mainly locally commercialized as food and feed, but also regionally to
internationally as handicrafts (seeds), and as palm oil, sold pure or as a component in cos-
metics (Chapter 3.4.1).

In terms of market volume, however, the fruit of Mauritia flexuosa, also known as aguaje,
most probably repesents the third most important native palm product, albeit the trade with it
is predominantly regional and concentrated on the markets in Iquitos (Peru) and only a tiny
fraction (<1 t/a) is exported from here. Aguaje forms part of the staple diet in lowland Peru
where annually an estimated 1,800—10,000 t are commercialized generating a market value
of 0.6-2.5 Mio. US$/a (Chapter 3.36), while markets in Bolivia, Ecuador, and Colombia
are comparatively smaller (Castafio ef al., 2007; Holm et al., 2008). Harvest is performed
destructively by felling (female) trees, which decimates wild stands of this palm since 1990
at an alarming rate (Gilmore ef al., 2013). Most of the fruits are boiled and sold as a snack
by street vendors in Iquitos (Del Castillo et al., 2006), other final products include aguaje
soft drinks called aguajina, ice cream, popsicles (chupetes), or frozen pulp, all of which
are traded locally to nationally (Kahn, 1991; Navarro, 2006; Delgado et al., 2007; Chapter
3.4.1). Next in line here may be fruits and derived products from Attalea-species, Bactris
gasipaes, Euterpe-species or Oenocarpus bataua, which are commercialized locally to re-

gionally either unprocessed or as ingredients for food and cosmetic products (Chapter 3.36).

The commercialization of products based on leaf (Astrocaryum species) or leaf sheath fibre
(Leopoldinia piassaba, Aphandra natalia; Chapter 3.3.4) and of leaves as ceremonials (Cer-
oxylon, Chapter 3.3.3) or thatch (Lepidocaryum tenue, Geonoma deversa, Phytelephas-spe-
cies, among others, Chapter 3.3.2) can be important drivers of local or regional economies
and often represent one of the most important sources of cash income for many indigenous
families and communities in northwestern South America (Chapter 3.4.1). All species men-
tioned here provide products that are derived from palm leaves and probably belong to the
economically most important palms in that context, however they represent only a fraction
of palm species in use here, since 111 palm species in 37 genera were recorded as sources of
fiber in South America. Further, it is reported that a number of species are only mentioned as
a fiber source in ethnobotanical lists, but in depth research about their use has not been done
yet, in spite of field observations suggesting that their use is extensive and important (Isaza
etal.,2013).
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The most important palm species in the locally to regionally proceeding trade with palm
timber and derived products probably represents lriartea deltoidea, albeit many other spe-
cies are also in use, particularly where [riartea is less present (Montufar and Pintaud, 2006),
among which are Socratea exorrhiza, Bactris gasipaes, Wettinia- and Ceroxylon- species.
The product range includes locally sold stem splits and laths used for the construction of
fences and houses as well as regionally sold lats used in the construction of supporting struc-
tures for the cultivation of bananas and cut flowers. Other more elaborate palm timber prod-
ucts are also commercialized internationally, such as parquete flooring, furniture, utensils,
and souvenirs (Chapter 3.3.1; 3.4.1).

As individual economically important palm species may provide several raw materials or
products (e.g., vegetable ivory and thatch from Phytelephas-species, see Chapter 4.1; palm
heart, fruit, and timber from Bactris gasipaes; palm heart, fruit, and seeds from Euterpe-
species) and part of relevant data is unavailable, it remains difficult to assess the overall
economic importance (including all products provided) of these species. In this context it is
also of importance that the simultaneous exploitation of different plant parts from the same
palm species (and palm stands) can be a limiting factor for one or all of the associated eco-
nomic activities based on it. The case study on Phytelephas aequatorialis, e.g., revealed that
harvest of leaves negatively affects fruit production (Chapter 4.4.4). For other palm species
that provide several raw materials, however, insightful data in this context remains largely

unavailable.

7.1.3 Socio-economic importance

There is much literature on palm use in tropical America that provides insights into the

socio-economic impact of palm products (e.g., Lévi-Strauss ,1952; Macia, 2004; Paniagua-

Zambrana et al., 2007; Macia et al. 2011). Non-timber forest products, including many palm
products, are generally accepted as important sources of income for rural dwellers (Stoian,
2005; Sunderlin et al., 2005), but quantitative information on the role these NTFPs are play-
ing in local economies is virtually non-existent (Padoch, 1987; Pinedo-Vasquez et al., 1990).
There are only few comprehensive studies on current trade volumes, economic potential,
and value chains of palm products. Most of these studies focus on single products offering
differently detailed information on few palm products from one or few communities only,
which leads to incomprehensive data in this context. However, it is necessary to understand
the value chains for individual palm products in order to reveal the share of benefits obtained
by stakeholders and it is particularly important to disclose how individual palm species are
valued by primary producers (Chapter 1.3.2; Newcome et al., 2005). Detailed information
on structure of value chains, volumes traded, and economic potential also represent a crucial

basis for the development of current and future markets (Chapter 3.1) as well as for assessing
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the value of single species and the associated ecosystems (Chapter 1.1 & 1.3.2; Newcome
et al., 2005).

In northwestern South America palm resources represent an important component in day-to-
day life of numerous rural communities and the bulk of palm raw materials directly provides
them with some of the basic necessities for subsistence, i.e., fruit as (staple) food and leaves
and stems as material for the construction of houses, and palm raw materials or products are
bartered for other goods, such as clothing or fuel (= immediate use sensu Johnson, 2011).
Another large proportion is marketed directly, i.e., the family that harvests the product sells
it directly to the consumer at the local market. If processing is involved (boiling of fruits,
manufacture of handicraft, small scale processing into oils, etc.; = cottage-level processing
sensu Johnson, 2011), then this will typically be carried out by family members. In this case
(the family of) the primary producer receives the added value (gross benefit). For handicraft
sold at the national level, where value chains still are short and simple, a relatively high pro-
portion of the retail price percolates back to the primary producers (Astrocaryum chambira
carrying bags, Ecuador: 50-60%; Astrocaryum chambira hammocks, Ecuador: 30-60%;
thatch, Peru: 55%), which often represents more than 30% of overall monetary income for
individual households (Chapter 3.4.1). Regarding palm products that come from small scale
industrial processing (sensu Johnson, 2011) the primary producer's proportion of the retail
price, paid by the domestic industry for raw material sourcing, is still considerable (e.g.,
12%, Oenocarpus bataua fruit for oil extraction, Bolivia). However, with increasing geo-
graphical extent, trade volumes, and industrialization, the costs of raw material in relation to
the retail price of finished products becomes increasingly reduced. This is the case for prod-
ucts such as canned palm heart (Bolivia) and furniture from /Iriartea timber (Ecuador); here
the corresponding figures are only 2—6%. In Peru, the price fetched by the primary producer
of the unprocessed vegetable ivory nuts is only 1.6% of its export price (FOB) and 0.1% of
the price for nuts sold on the German retail market. Most of the profit from export products
is thus typically generated further up in the value chain, and often abroad (Chapter 3.4.2).
Overall it is clear that, several palm products (Astrocaryum chambira fibre, Oenocarpus
bataua and Mauritia flexuosa fruit, Lepidocaryum leaves, Phytelephas nuts, etc.) provide
the only or most important sources of cash income for numerous local communities and
are crucial for local — and sometimes regional — economies. Trade volumes, as measured in
metric tons and US$ and as captured in official statistics, do not adequately reflect the tangi-
ble socio-economic value of these products and grossly underestimate their socio-economic

importance.

Value chains in palm products are heterogenous, strongly depending on product type, market
penetration and the number of middle men involved. Consequently, value chains may differ

notably even within the same region and for the same product (Chapter 3.4.2).
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7.1.4 Sustainability

Colombia, Ecuador, Peru and Bolivia have all implemented legislation for prohibiting “non-
sustainable” use of forest resources (Chapter 1.3.4; De la Torre ef al., 2011). There is, how-
ever, just little evidence that these laws have a noticeable effect on how resources are man-
aged. To date, sustainable harvest of palms is a rare exception (Bennett 2002), although the
harvest for only few palm products necessarily needs to be destructive, namely palm timber
and palm heart. The bulk of trade in native palm products in north-western South America is
still largely based on destructive harvest of wild populations. Unnecessary felling to harvest
palm leaves or fruits is a widespread practice, overharvest is common, and mismanagement
prevails (Balslev, 2011; Bernal ef al., 2011). Therefore, and due to the fact that the bulk of
trade in palm raw materials is informal, legislation is largely ineffective. There are, never-
theless, some positive examples, for effective legal protection and largely sustainable use
(Ceroxylon leaves, Astrocaryum fibre, Phytelephas vegetable ivory, Aphandra fibre, palmito
from cultivated Bactris gasipaes, Lepidocaryum leaves for thatch (Chapter 3.4.3; Bernal
et al., 2011; Galeano & Bernal, 2010; Borgtoft Pedersen & Balslev, 1993). In Phytelephas
species, comparatively lower benefits in the trade with tagua nuts (collection of fruits) sup-
port a simultaneously proceeding trade with thatch (leaf harvest), which together with the
habit of harvesting immature infructescences (tagua maceada) negatively affects resource
availabilty, resource quality, and may impair its sustainable use (Chapter 4.4.4). To date, still
several tens of million palm trees are cut down annually and, for the main part, unnecessarily
to obtain fruits or leaves. Rising prices and reduced availability of raw materials is already
widespread in a range of products. Much of the palm extraction is therefore based on shifting
extraction practices where new areas are harvested every year and the resources are already
depleted near villages and urban areas (Chapter 3.4.3; Kvist & Nebel, 2001).

Most NTFP markets are small in scope and value, and therefore attract limited attention
or investment only. But when they do become successful, sustaining supply may be a seri-
ous problem (Shanley et al., 2002). Especielly, unless destructive harvest is replaced by
non-destructive practices, which are available for almost all of the species, even the most
common palms such as Mauritia flexuosa, Oeonocarpus bataua and Euterpe spp. will face
commercial extinction. Since destructive harvest is often selective, the best-quality trees are
lost from the gene pool. As a consequence, genetic resources rapidly degrade and reduce
the options for future resource development. Figures concerning the relative abundance of
destructive harvest as opposed to sustainable harvest for other major palm products are not
available, but are urgently needed for adequate resource management. There is a growing
understanding of the negative impacts of destructive harvest and progress has been made
in several regions towards implementing more sustainable harvest techniques. Overall, the
development, establishment and control of sustainable harvest techniques are probably the

most important requirements for positive mid-term developments. Possible threats against
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this scenario are bad governance, corruption, and uncertainty of land tenure. Serious impedi-
ments in both policy making, law enforcement, and research will have to be overcome to
develop the full potential on an ecologically and economically sustainable basis (Chapter
3.4.3). Also, the value chains will need to be adjusted, so as to ensure that primary produc-
ers receive an adequate share of the overall benefits. This has to go hand in hand with strict
policing and the clarification of contentious issues such as land tenure and ownership of
the resources -otherwise higher profits will be an incentive for the informal and destructive
harvest (Chapter 3.4.4).

7.1.5 Productivity and management of Phytelephas aequatorialis

7.1.5.1 Leaf and fruit production

There is major variation in leaf production of P. aequatorialis (4.1-13.3 leaves per year),
depending on location characteristics and gender of the individuals: Leaf production is posi-
tively correlated to exposure to sun light, lowland palms produce more leaves than highland
palms, and male individuals produce more leaves than females. In order to harvest a maxi-
mum number of leaves with minimum effort, individual male palms thus should be harvest-
ed approximately every two years, exposed palms slightly more often than shaded ones. In
areas of sourcing for vegetable ivory the bulk of female palms should not be harvested for

leaves at all.

Fruit development is extremely slow in P. aequatorialis, ranging between three and eight
years with longest development times in the highlands. Annual infructescence production
per (female) individual ranged immensely (0.8—6.7 infructescences with ca. 120 fruits each)
and in the lowlands is at least twice as high than in the highlands. A conservative estimate
of the annual production of one hectare with 500 (250 female) Phytelephas individuals in
the highlands spans from 750-2,500 kg vegetable ivory nuts (dry weight), however, annual
yields appear to be considerably higher in the lowland. A correlation between exposure to
light and fruit production was found in lowland agroforestry, but this was not the case for

other land use systems within our sample.

7.1.5.2 Impact of leaf harvest on fruit production

Today, in coastal Ecuador predominantly tourist facilities are constructed in traditional ar-
chitecture which includes palm thatch roofing. Therefore, there is a small but notable local
market based on leaves for thatch in touristic regions of western Ecuador. Due to high prices,
a short value chain, and considerable demand for Phytelephas thatch, the commercialization
of leaves, hence, sometimes represents a more lucrative business for farmers in these areas.
Shift from commercialization of vegetable ivory nuts to leaves for thatch may result in un-

satisfied demand and rising prices of raw material in the national fagua industry and may
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further lead to resource limitation for companies exporting vegetable ivory discs (animelas).
Measures should be taken to ensure sustainable use and commercialization of the two par-
tially exclusive and locally competing products because leaf harvest considerably reduces

vegetable ivory production, even when enough leaves are left on female palms.

7.2 Biology, management and sustainability of
Krameria lappacea

7.2.1 Parasitism, seed ecology, abundance, and harvest impact

Krameria lappacea is perfectly adapted to arid environments and well established in ar-
eas where mean annual precipitation ranges between 127 and 812 mm, but which in dry
years may receive less than 100 mm. In undisturbed areas that receive relatively high mean
amounts of annual rainfall the species may form dense populations that comprise more than
60 adult individuals and an overall abundance above 100 individuals per 100 sqm across all
age classes. Krameria lappacea populations examined in this study varied notably in size
and condition. Clearly, there are several abiotic and biotic factors that impact on their suc-
cessful regeneration, which represents the key for viable populations to linger. However, it
remains difficult to judge in how far the differences in climate and soil contribute to the dif-

ferences in abundance, but the data obtained are strikingly parallel to the intensity of harvest.

Krameria lappacea is indeed terrestrial hemiparasitic forming haustorial connections to sev-
eral host plant taxa. The haustoria of Krameria lappacea usually are rounded, blackish struc-
tures formed on roots of its hosts. Both fine roots and root hairs are absent in young plants
which reflects the obligate hemiparasitism of the species. Haustorial connections of the root
systems of Krameria were found to a wide range of host plants of 18 different species from
17 genera in 12 different plant families including herbaceous and woody taxa and angio-
sperms and gymnosperms (Chapter 5.3). K. lappacea shows rather primitive characters for a
terrestrial hemiparasite in terms of specialization, such as the exclusive formation of second-
ary haustoria, lack of organ reduction (stems and leaves normally developed), large seeds,

low host-specificity and the ability to germinate in the absence of a host Weber (1993).

The zygomorphic oil-flowers develop into large, one-seeded, glochidiate fruits typical of the
genus (Simpson, 1982, 2007). In theory, fruits should be dispersed by mammals or bird spe-
cies, since they have hairs with retrorse barbs that catch on feathers, fur, or clothing (Simp-
son, 2007). In nature, the seeds are likely dispersed and buried by rodents, which collect K.
lappacea fruits and feed on them or store the seeds in rock crevices or their burrows. There
is the possibility that here the dispersers also act as main predators. However, seed (fruit)
dispersal in Krameria can be extremely inefficient, with the seeds forming huge coherent

mats under the plants, representing several years” seed production (Weigend, pers. obs.).
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Seed burial seems to dramatically affect recruitment: In our experiment we found a threefold

increase in germination in buried versus non-buried seed.

Our results imply that particularly the degree and method of wild harvest represent the most
prominent factors pushing the resilience of examined Ratanhia populations to its limits and
clearly determines the degree of disturbance and impact in these ecosystems. Data indicates
that with decreasing population density the effect of seed predation increases extremely. Due
to meagre available data a deeper understanding of the ecological role Krameria plays in its
ecosystem still lacks. However, the implementation of more sustainable management tech-
niques should have high priority, which include (I) establishment of harvest rates adjusted to
the condition of individual populations, (II) lower harvest impact by cutting primary roots
while leaving secondaries to regenerate, (I11) reseeding and refilling of digging holes to fos-
ter continuous recruitment (Chapter 6.4.3) Cultivation of Krameria to produce the Rhatany-
roots for the national and international trade will be complicated by the need to cultivate
it together with at least one of its host plants. On the other hand, it seems unlikely that the
availability of host plants is a limiting factor for the natural distribution and abundance of K.

lappacea, since it appears to be very unspecific in its host plant choice (Chapter 5.4).

Recent studies clearly indicate that parasitic plants may play a crucial role in maintaining
biodiversity (Callaway and Pennings, 1998; Joshi et al., 2000; Press and Phoenix, 2005;
Pennings and Callaway, 1996; Watson, 2009). This may be particularly true for K. lappacea
in its (semi-) desert habitats, where a relatively small number of other perennial species are
present and likely all of them are affected by K. lappacea in their ecological performance,
possible leading to reduced vigour and cover, as shown for other root parasites (Joshi et al.,
2000; Chapter 5.4).
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Abstract

Biology, sustainability and socio-economic impact of wild plant collection

in NW South America

All over the world and especially in the northwest of South America wild plants and plant
resources are of high ecological, cultural and economic - often substantial — importance for
countless people. Particularly in the species-rich tropics a wide variety of different plants
provides an enormous range of essential ecosystem services that are used directly or indi-
rectly by humans. Indirect use here refers to ecosystem services (such as, biomass and oxy-
gen production by photosynthesis, carbon dioxide sequestration, water purification, erosion
control, etc.), direct use represents the collection and use of ecosystem goods, i.e., the har-
vesting and utilization of plant resources (such as timber, fruits, leaves, roots, seeds, fibres,

resins, waxes, etc.).

This work focuses on two main subject areas in this context, which are presented separately
in the different chapters: After a general, cross-thematic and contextualizing introduction
(Chapter 1), the following three chapters deal with questions about the scope, sustainability
and economic importance of traded resources from native palms (Arecaceae) in northwest-
ern South America (Chapter 2-4). The second part of this thesis deals with botanical and
ecological aspects and the sustainability in the management of wild stocks of a medicinal
plant from the Peruvian Andes (Krameria lappacea) and the impact of wild harvest on the

condition of individual populations (Chapter 5 & 6).

The two topics are processed separately, with each chapter corresponding to a part of the
work that has already been published or is in preparation to be published in scientific jour-
nals (see page 26 & 27). Each chapter therefore includes separate sections for introduction,
materials and methods, results, and discussion. Chapter 7 summarizes the results of Chapters
2-4 (Arecaceae) and Chapter 5 & 6 (Krameria lappacea) and forms the conclusion of this

study, which was based on the following research questions:
1. How can the data on trade with wild plant resources be obtained in a standardized manner?

2. What are the economically most important native palm species, raw materials and prod-

ucts in northwestern South America in terms of turnover and amounts traded?

3. What is the overall socio-economic importance of the trade in palm resources for primary

producers and which share of the overall benefits do they obtain?

4. How are leaf and fruit production in Phytelephas aequatorialis correlated to environmen-

tal factors (altitude and exposure to sunlight) versus management?
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5. What is the biology of Krameria lappacea and how can sustainable management be based

on a biological understanding of the species?

To answer these questions both botanical methods were applied in field and laboratory work

and in experiments in the greenhouse and botanical economic data were analyzed.

Chapter 1 presents the here treated plants, explains the relationship between ecosystem ser-
vices and the use of wild plants, reports on the legal backgrounds of wild harvesting and
marketing of vegetable raw materials in South America and presents a typical analysis tool
of economic botany. Furthermore, the objectives of the work are listed and the research ap-

proach is explained and a general overview of the structure of the dissertation is given.

Chapters 2-4 deal with questions about the scope, sustainability and economic importance of

the trade resources with native palm (Arecaceae) in northwestern South America.

In Chapter 2, a standardized research protocol (SRP) is presented, which was designed as
a simple and universally applicable tool for capture of relevant data on the production and
commercialization of palm products by means of standardized surveys of stakeholders. The
SRP consists of three components: (I) the manual with instructions for conducting inter-
views, including a questionnaire, (II) the forms for data recording during the interviews and
(IIT) the data capture table (DCT) for the transfer and consolidation of data. The question-
naire includes all necessary questions, the answering of which represent relevant data that
are necessary for the understanding of the detailed processes of all commercial activities
(e.g., questions about origin, quantity and type of raw materials used, the timing and nature
of manufacturing processes; expenses and profits of individual stakeholders, trade limiting

factors). General problems and limitations in the application of the SRPs are discussed.

Chapter 3 presents the results of an extensive revision on trade in palm products in northwest-
ern South America, which is based on over 200 scientific publications and internet sources.
Palm trees are particularly present near the equator and are known worldwide as third most
important crop family after the grasses and legumes, as they provide a variety of raw ma-
terials and products. Besides wood, countless non-timber products (NTFPs) are used and
marketed. The bulk of palm products is used directly and has particularly in rural communi-
ties of tropical countries many important applications in subsistence. Palms provide a wide
range of resources ranging from food and feed, construction materials and raw materials
for traditional or modern crafts through to cosmetics and medical applications. Trade with
palm products takes place at the local, regional, national and international level. This work
is focused on value chains, volumes traded, prices, and the recent developments of some of
the most economically important, native palms and the raw materials they provide. Socio-
economic aspects are also presented and discussed. For many households, the marketing of

palm resources or products represents one of the most important options to participate in the
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cash economy, which is essential to provide access to health care and education. Overall,
native palm products are playing an important socio-economic role in local, regional and
sometimes national markets (“drivers of economy”) in South America. However, the num-
ber of traded native palm products decreases with increasing geographical extent, i.e., the
number of products that are traded internationally is relatively small and represents only a
fraction of the usable diversity of resources. Nevertheless, some native palms are of particu-
lar economic importance since they deliver export products with turnovers reaching tens of

million US$, such as palm hearts and vegetable ivory.

Chapter 4 is a case study on productivity and sustainable management of Phytelephas ae-
quatorialis, a palm endemic to western Ecuador. This species provides vegetable ivory (ta-
gua, the endosperm) for handicraft and also leaves for thatch. Harvest of commercialized
resources is mainly from nature, although the palm is occasionally cultivated. Most seeds
are collected from the ground. In times of high demand, however, some primary producers
tend to collect immature inflorescence; these young seeds are of low quality and not suitable
for the production of tagua products for export. The development of the inflorescence takes
at least three years in the lowlands and over four years at the Andean slopes at around 1,400
m above sea level. Data from 365 palms included in this study showed that male palm trees
produce significantly more leaves than female palms. The harvest of leaves has little effect
on the production of leaves, but the fruit production is significantly reduced. Sustainable
use and marketing of the two partially exclusive and locally competing products tagua (veg-
etable ivory) and cade (leaves for roofs) have to be carefully designed. Application of non-
sustainable practices in the harvest of seeds and leaves, moderately efficient regeneration of
populations in pastures and insufficient availability of high-quality raw material for the tagua
manufacturing industry represent the greatest challenges in the sustainable utilization of this

valuable palm species in the future.

Chapter 5 and 6 deal with botanical and ecological aspects and backgrounds of sustainability
in the management of wild stocks of a medicinal plant from the Peruvian Andes (Krameria

lappacea) and the impact of wild harvest in the state of individual populations.

In Chapter 5 the results of the study of parasitism and haustorium anatomy of Krameria
lappacea (rhatany, Krameriaceae) are presented. Rhatany is an endangered medicinal plant
from the semi-desert of the South American Andes and is destructively harvested from na-
ture. The present study investigated the presence or absence of hemiparasitism, the host plant
spectrum and morphology and anatomy of the haustoria. Hemiparasitism could be confirmed
and 106 haustorial connections to 18 host plant species from 17 genera and 12 plant families
were recorded. By the results of this study, the number of known host plants was doubled
for Krameria and the list of hosts was extended by four angiosperm families. Overall, K.

lappacea is a very generalistic hemiparasite, which probably influences the performance of
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most perennial species in its habitat. Over-collection therefore probably affects the entire
vegetation notably. Strategies for the conservation and sustainable harvesting should have

high priority due to the special ecological and economic importance of this species.

Chapter 6 deals with the effects of wild harvest on the condition of natural Krameria lap-
pacea populations and the question how to make the sustainable wild harvesting based on
a better understanding of the biology of the species. Krameria root extracts are used as a
promising ingredient for various cosmetic and pharmaceutical preparations. However, com-
mercial cultivation of this medicinal plant is not economical. The commercial sourcing takes
place mainly in Peru. By destructive harvesting techniques and extensive marketing wild
stocks of this type are becoming increasingly rare, and in some areas rhatany populations
are already heavily degraded (commercially extinct). The study is based on abundance data
from the 238 examined plots (100 square meters) in 6 regions in Peru and the conditions of
the differently affected populations are compared and discussed. Experimental results on
the germination of rhatany are presented, which have relevance for available management
options. Strategies for the conservation of K. lappacea should have high priority and it is

strongly recommended to promote the implementation of sustainable harvesting practices.

In Chapter 9, the major findings of each chapter are finally summarized and discussed sepa-

rately for both main subjects of this work.

Zusammenfassung

Biology, sustainability and socio-economic impact of wild plant collection

in NW South America

Auf der ganzen Welt und besonders im Nordwesten Siidamerikas sind wilde Pflanzen
und Pflanzenressourcen fiir unzéhlige Menschen von hoher 6kologischer, kultureller und
wirtschaftlicher - haufig substanzieller - Bedeutung. Besonders in den artenreichen Tropen
liefert eine Vielzahl von unterschiedlichen Pflanzen eine enorme Bandbreite an essentiellen
Okosystemischen Leistungen, die direkt oder indirekt vom Menschen genutzt werden. Indi-
rekte Nutzung bezieht sich hier auf Okosystemische Leistungen (wie z.B., Biomasse- und
Sauerstoftfproduktion durch Photosynthese, Kohlendioxid-Sequestrierung, Wasserreinigung,
Erosionsschutz, etc.), direkte Nutzung meint Entnahme und Gebrauch von Okosystemischen
Giitern, d.h. die Ernte und Nutzung von pflanzlichen Rohstoffen (wie Holz, Friichte, Blitter,

Wurzeln, Samen, Fasern, Harze, Wachse, etc:).

Im Zentrum dieser Arbeit stehen in diesem Zusammenhang zwei Themenbereiche, un-
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terteilt in mehrere Teilaspekte, die separat in einzelnen Kapiteln bearbeitet werden. Nach
einer allgemeinen, themeniibergreifenden und kontextualisierenden Einleitung (Kapitel 1)
beschéftigen sich die folgenden drei Kapitel mit Fragen zu Umfang, Nachhaltigkeit und
wirtschaftlicher Bedeutung des Handels mit nativen Palmenressourcen (Arecaceae) im Nor-
dwesten Stidamerikas (Kapitel 2-4). Der zweite Teil der Arbeit befalit sich mit botanischen
und 6kologischen Aspekten und Hintergriinden zur Nachhaltigkeit in der Bewirtschaftung
wilder Bestinde einer Medizinalpflanze aus den peruanischen Anden (Krameria lappaceae)
und den Auswirkungen der Wildernte auf den Zustand einzelner Populationen (Kapitel 5 &
6).

Die beiden Themenbereiche werden separat bearbeitet, wobei die einzelnen Kapitel Beitra-
gen entsprechen, die bereits in Fachzeitschriften verdffentlicht wurden, bei diesen eingere-
icht sind oder in Kiirze eingereicht werden. Dies ist den jeweiligen FuBBnoten auf Seite 26 und
27 zu entnehmen. Jedes Kapitel enthdlt dementsprechend eigene Abschnitte zur Einleitung,
zu den Materialien und Methoden, Ergebnissen und eine Diskussion. Kapitel 7 diskutiert
zusammenfassend die Ergebnisse der Kapitel 2-4 (Arecaceae) bzw. Kapitel 5 & 6 (Krameria
lappacea) und bildet den Abschlul3 der vorliegenden Arbeit, der folgende wissenschaftliche
Fragestellungen zu Grunde lagen:

1. Wie konnen Daten iiber den Handel mit pflanzlichen Ressourcen aus Wildernte in stand-

ardisierter Form aufgenommen werden?

2. Welche sind die wirtschaftlich bedeutendsten einheimischen Palmenarten, Rohstoffe und

Produkte in Bezug auf Umsatz und Handelsvolumen im nordwestlichen Siidamerika?

3. Welche soziodkonomische Bedeutung hat der Handel mit Palmrohstoffen fiir Primérpro-

duzenten und wie hoch ist ihre Profitbeteiligung?

4. Welchen Einflufl haben Umweltfaktoren (Hohenlage und Lichtintensitét) und Bewirtschaf-
tungweise auf Blatt- und Fruchtproduktion bei Phytelephas aequatorialis?

5. Was ist die Biologie von Krameria lappacea und wie kann nachhaltiges Management auf

dem biologischen Verstindnis der Art basieren?

Um diese Fragen zu beantworten wurden sowohl botanische Methoden in Feld- und Labo-
rarbeiten angewandt, als auch Experimente im Gewichshaus durchgefiihrt und 6konomisch

botanische Daten analysiert.

Kapitel 1 stellt einleitend die hier behandelten Pflanzen vor, fiihrt in die Thematik ein und

erlidutert den Zusammenhang zwischen Okosystemischen Leistungen und der Nutzung von
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Wildpflanzen, berichtet iiber die legalen Hintergriinde von Wildsammlung und Vermarktung
pflanzlicher Rohstoffe in Stidamerika und stellt ein in der 6konomischen Botanik eingesetz-
test Analysewerkzeug vor. Weiterhin werden die Ziele der Arbeit aufgefiihrt und es wird
erldutert, welche Ansétze zur Bearbeitung der Themenkomplexe gewéhlt wurden und eine

Ubersicht iiber die Gliederung der Arbeit gegeben.

Kapitel 2-4 beschéftigen sich mit Fragen zu Umfang, Nachhaltigkeit und wirtschaftlicher Be-
deutung des Handels mit nativen Palmenressourcen (Arecaceae) im Nordwesten Siidameri-
kas.

In Kapitel 2 wird ein Standardisiertes Forschungsprotokoll (SRP) vorgestellt, welches
speziell als einfaches und universell anwendbares Werkzeug entwickelt wurde, um relevante
Daten zur Produktion und Vermarktung von Palmenprodukten mit Hilfe von Befragungen
Beteiligter in einheitlicher Form aufzunehmen. Das SRP besteht aus drei Komponenten: (I)
Anleitung zur Durchfiihrung von Interviews und inklusive Fragenkatalog, (I) Formulare fiir
die Datenaufnahme wéhrend der Befragungen und (III) Datenaufnahmetabelle (DCT) zur
Ubertragung und Zusammenfiihrung von Daten. Der Fragenkatalog bezieht alle notwendi-
gen Fragen mit ein, deren Beantwortung relevante Daten liefern, die fiir das Verstehen der
genauen Abldufe aller kommerziellen Aktivititen notwendig sind (z.B., Fragen zu Herkuntft,
Menge und Typ verwendeter Rohstoffe; Art und Ablauf von Verarbeitungsprozessen; Aus-
gaben und Gewinne einzelner Beteiligter; Faktoren, die den Handel limiteren). Generelle

Probleme und Limitierungen in der Anwendungen werden diskutiert.

Kapitel 3 stellt die Ergebnisse einer umfangreichen Revision {iber den Handel mit Palmen-
produkten im nordwestlichen Siidamerika vor, die auf iiber 200 wissenschaftlichen Publika-
tionen und Internetquellen basiert. Palmen sind in Aquatorniihe besonders prisent und gelten
weltweit als drittwichtigste Nutzpflanzenfamilie nach den Stilgrasern und Hiilsenftiichten,
da sie eine Vielzahl von Rohstoffen und Produkten liefern. Neben Holz werden auch zahl-
lose Nicht-Holzprodukte (NTFPs) genutzt und vermarktet. Der grof3te Teil der Palmprodukte
wird direkt genutzt und findet besonders in ldndlichen Gemeinden tropischer Lander viel-
erlei subsistenziell bedeutende Anwendungen. Angefangen bei Nahrungsmitteln und Fut-
termitteln iiber Baumaterialien und Rohstoffe fiir traditionelles oder modernes Handwerk
bis hin zu Kosmetika und medizinischen Anwendungen stellen Palmen eine grof3e Band-
breite an Ressourcen bereit. Handel mit Palmprodukten erfolgt auf lokaler, regionaler, na-
tionaler und internationaler Ebene. Der Fokus dieser Arbeit liegt auf Wertschopfungsketten,
Handelsvolumen, Preisen, und den jlingsten Entwicklungen fiir einige der 6konomisch be-
deutendsten, heimischen Palmen und deren Rohstoffe. Soziodkonomische Aspekte werden
ebenfalls vorgestellt und diskutiert. Fiir viele Haushalte stellt die Vermarktung von Palmres-
sourcen oder -produkten eine der wichtigsten Moglichkeiten dar auch tiber den Tauschhan-

del hinaus an der Geldwirtschaft teilzunehmen, was u.a. entscheidend fiir den Zugang zu é&r-
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ztlicher Versorgung und Bildung ist. Insgesamt spielen native Palmprodukte in Siidamerika
also eine wichtige soziookonomische Rolle in lokalen, regionalen und manchmal nationalen
Mirkten (,,drivers of economy*). Die Zahl der gehandelten nativen Palmprodukte nimmt
jedoch mit steigendem geografischen Ausmal} deutlich ab, d.h., die Zahl der Produkte, die
international gehandelt werden ist vergleichsweise gering und stellt nur einen Bruchteil der
nutzbaren Ressourcenvielfalt dar. Native Palmen von besonderer 6konomischer Bedeutung
liefern Exportprodukte mit Umsétzen in zweistelliger Millionenhdhe, wie z.B. Palmherzen

und pflanzliches Elfenbein.

Kapitel 4 ist eine Fallstudie zu Fragen der Produktivitdt und der nachhaltigen Bewirtschaf-
tung von Phytelephas aequatorialis, eine im Westen Ecuadors endemisch vorkommende
Palme. Von dieser Art werden pflanzliches Elfenbein (fagua, das Endosperm) und Blatter fiir
das Decken von Palmdéchern vor allem aus der Natur geerntet und kommerzialisiert, obwohl
die Palme gelegentlich angebaut wird. Die meisten Samen werden vom Boden gesammelt.
In Zeiten hoher Nachfrage jedoch, sammeln einige Primarproduzenten unreife Fruchtstéinde;
diese jungen Samen sind von minderer Qualitdt und nicht geegnet fiir die Herstellung von
tagua Produkten fiir den Export. Die Entwicklung der Fruchtstinde dauert im Tiefland drei
Jahre und tber vier Jahre an den Anden-Héngen bei rund 1400 m {i.N.N. Daten von 365
untersuchten Palmen zeigen, dass ménnliche Palmen deutlich mehr Blitter als weibliche
Palmen produzieren. Die Ernte von Bléttern hat nur geringe Auswirkung auf die Produktion
von Blittern, reduziert die Fruchtproduktion jedoch erheblich. Nachhaltige Nutzung und
Vermarktung der beiden teilweise exklusiven und lokal konkurrierenden Produkte fagua
(pflanzliches Elfenbein) und cade (Blatter fiir Ddcher) miissen sorgféltig durchdacht werden.
Einsatz nicht nachhaltiger Praktiken in der Ernte von Samen und Bléattern, maBig effiziente
Regeneration von Populationen auf Weideland und unzureichende Verfiigbarkeit hoch-qual-
itativer Rohstoffe fiir die verarbeitende Industrie repriasentieren die gro3ten Herausforderun-

gen bei der nachhaltigen Nutzung dieser wertvollen Palmart in der Zukunft.

Kapitel 5 & 6 befassen sich mit botanischen und 6kologischen Aspekten und Hintergriinden
zur Nachhaltigkeit in der Bewirtschaftung wilder Bestinde einer Medizinalpflanze aus den
peruanischen Anden (Krameria lappacea) und den Auswirkungen der Wildernte auf den

Zustand einzelner Populationen

In Kapitel 5 werden die Ergebnisse zur Studie Parasitismus und Haustoriumanatomie von
Krameria lappacea (Ratanhia, Krameriaceae) prasentiert. Ratanhia ist eine gefahrdete,
iibersammelte Heilpflanze aus den Halbwiisten in den siidamerikanischen Anden und wird
destruktiv aus der Natur geerntet. Die vorliegende Studie untersucht die Anwesenheit oder
Abwesenheit von Hemiparasitismus, das Wirtspflanzenspektrum sowie Morphologie und
Anatomie der Haustorien. Hemiparasitismus konnte bestétigt werden, 106 haustoriale

Verbindungen zu 18 Wirtspflanzenarten aus 17 Gattungen und 12 Pflanzenfamilien wurden
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dokumentiert. Durch die Ergebnisse dieser Studie wurde die Anzahl von bekannten Wirtsp-
flanzen fiir Krameria verdoppelt und um vier zusitzliche Angiospermefamilien erweitert.
K. lappacea ist insgesamt ein sehr generalistischer Hemiparasit und hat Einfluss auf die
Leistungsfihigkeit der meisten mehrjihrigen Arten in ihrem Lebensraum. Ubersammlung
betrifft daher wahrscheinlich die gesamte Vegetation. Aufgrund der speziellen 6kologischen
und wirtschaftlichen Bedeutung dieser Art sollten Strategien zur Erhaltung und zur nach-

haltigen Ernte hohe Prioritét haben.

Kapitel 6 befalit sich mit den Auswirkungen von Wildernte auf den Zustand natiirlicher
Krameria lappacea Populationen und der Frage wie man auf Basis eines besseren biologis-
chen Verstindnisses der Art die Wildernte nachhaltiger gestalten kann. Krameria Wurzelex-
trakte werden als vielversprechende Zutaten fiir diverse kosmetische und pharmazeutische
Priparate eingesetzt. Eine kommerzielle Kultivierung dieser Heilpflanze ist jedoch nicht
okonomisch. Die kommerzielle Beschaffung erfolgt hauptséchlich in Peru. Durch destruk-
tive Erntetechniken und umfangreiche Vermarktung werden wilde Bestdnde dieser Art im-
mer seltener und in einigen Gegenden ist Ratanhia bereits erheblich dezimiert (commercially
extinct). Die Studie basiert auf den Abundanzdaten aus der Untersuchung von 238 plots (100
qm) in 6 Regionen in Peru und der Zustand der unterschiedlich beeinfluten Populationen
wird verglichen und diskutiert. Experimentelle Ergebnisse zur Keimung von Ratanhia, die
Relevanz fiir verfiigbare Management-Optionen haben, werden vorgestellt. Strategien zur
Erhaltung von K. lappacea sollten hohe Prioritdt haben und es wird dringend empfohlen die

Umsetzung verfiigbarer nachhaltiger Erntepraktiken zu fordern.

In Kapitel 9 werden fiir beide Themenkomplexe der Arbeit die Kernaussagen der einzelnen

Kapitel abschlieBend zusammengetfasst und diskutiert.

Contribution to Chapters

Chapter 2: Brokamp G., Mittelbach M., Valderrama N., Weigend, M. 2010. Gathering data

on production and commercialization of palm products. Ecologia en Bolivia 45(3): 69-84.

Own contributions: Designed work (together with M. Weigend); prepared forms, manual
and data capture table; translated forms, manual and data capture table into Spanish (to-
gether with N. Valderrama), tested draft versions in the field in Peru (together with M.
Mittelbach); and wrote the manuscript (together with M.Weigend).
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Chapter 3: Brokamp G., Valderrama N., Mittelbach M., Grandez-R. C.A., Barfod A.S., Wei-
gend, M. 2011. Trade in Palm Products in Northwestern South America. The Botanical Re-
view 77(4): 571-606.

Own contributions: Designed work (together with M. Weigend), reviewed literature (to-
gether with M. Mittelbach and N. Valderrama) and official statistics, prepared figures and
wrote the manuscript (together with A.S. Barfod and M. Weigend).

Chapter 4: Brokamp G., Borgtoft Pedersen H., Montufar R., Jacome J., Weigend M., Balslev
H. in prep. Productivity and management of Phytelephas aequatorialis (Arecaceae) in Ecua-

dor. To be submitted to Annals of Applied Biology.

Own contribution: Collected field data (in part), performed statistical analyses (in part),

prepared figures, and wrote the manuscript (in part).

Chapter 5: Brokamp G., Dostert N., Caceres-H. F., Weigend M. 2012. Parasitism and haus-
torium anatomy of Krameria lappacea (Dombey) Burdet & B.B. Simpson (Krameriaceae),

an endangered medicinal plant. Journal of Arid Environments 83: 94—100.

Own contributions: Designed work (together with M. Weigend), collected field data and
material (in part), analyzed material, prepared figures, and wrote the manuscript (together
with M.Weigend).

Chapter 6: Brokamp G., Schwarzer C., Dostert N., Caceres-H. F., Weigend M. in prep. Now,
where did all the Rhatanies go? Abundance, seed ecology, and regeneration of Krameria lap-

pacea from the Peruvian Andes. To be submitted to Journal of Arid Environments.
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performed statistical analyses, prepared figures, and wrote the manuscript (together with
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Appendix A to Chapter 2

Appendix A: Standardized Research Protocol (SRP) - protocol
for the implementation of standardized interviews on trade with

palm resources

A1 Manual

A1l.1 General instructions

For every interview (i.e., interviewee) one master sheet has to be completed
and only one consecutive interview number has to be assigned,
however, depending on the number of produced/commercialised palm
products by individual interviewees one or several annexes have to be
completed!

For every data entry (line) in the table “Breakdown of products, species,
activities and corresponding annexes” at the end of the master sheet,
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one annex has to be completed! E.g., if two different products are
commercialised deriving from the same palm species (e.g, whole fruit
and mesocarp oil), two annexes have to be completed!

Gathering numerical values without information on correct units of weight
or time, or, e.g., currency, may be worthless, so please always include
these data when completing the forms!

Always start an interview with the master sheet, i.e., with the information on
interviewer and interviewee (HO1 & HO02, and possibly also HO03-H06
may be completed before starting the interview in order to save time)!

Always perform the interviews in the default order of this questionnaire using
the pre-formulated questions here provided!

Individual interviewers should number their interviews consecutively (e.g.,
interview 1 performed by N. Valderrama = Valderrama 01, interview
with the second interviewee = Valderrama 02) in order to avoid any
possibility of confusion (especially in case of several collaborating
interviewers working simultaneously).

Fields to be completed in the forms and all questions of the questionnaire are
numbered (HO1a, HO1b, HO2a, etc.) to link questions unmistakeably
to the corresponding fields where the interviewee’s answers have to be
completed (shaded in grey)!

When data are transferred to the here provided data capture table (DCT) every
(sub)product is filled in a separate line (i.e., one interview may result in
several lines in the DCT).

In A13a-c data needs to be separated (using 1, 2, 3, ... or a, b, c, ...) when
transferred into the corresponding fields of the DCT.

The product subdivision (I, II, ...) in Al4a-d, A15 and A23 is used, when there
are slightly different varieties or sizes of a certain type of product (e.g.,
bracelets elaborated with seeds from different species or elaborated
with different number of seeds or differing additional materials) or if
by-products derive in the line of production (e.g., press-cake from fruit
oil extraction). Only in this case a product subdivision should be done
in order to save time and paper sheets.

170



A 1.2 Questionnaire

Master Sheet

Interviewer

HOla-b [HO1a] Please complete your full name and [HO1b] the present date!
HO02a-b [HO2a] Please complete your consecutive interview number and [H02b] the

institution’s name you are affiliated with!
Interviewee and location

HO03a-e Please complete detailed information on the location where the study is
conducted: [HO3a] country, [HO3b] province, [H03c] department, [H03d]
municipality, and [HO3e] name of city/village/community (or distance and
direction to the closest settlement)!

HO04a-c Please complete GPS data of the location (if available): [HO4a] latitude,
[HO4b] longitude, and [HO4c] altitude!
HO05a-b Please specify how the interviewee contact was established: Mark [HO5a] if

self-established or [HO5b] if established through mediator! Please provide
the mediator’s full name (if available) and/or the name of mediating
community or company!

HO6a Please complete, if you have information on interviewee's ethnicity (name
of ethnic group, or, e.g., “mestizo”)!
HO6b Please complete interviewee’s gender (mark m for male or f for female)!

HO01 & HO02, and possibly also H03-H06 may be completed before starting the
interview in order to save time!

Please read the following questions (and possible answers where indicated with *) and
complete the interviewee’s answers in the corresponding fields of the forms!

HO07 “Please, give me your full name!” [explain that names will be kept
anonymous|

HO8a “What is your age?” [Complete exact interviewee’s age if imparted!]

HO8b* “Did you (and your family) have always resided here or did you move to

this location recently?” Mark [HO8Db] if interviewee is native to the location
or [HO8c] if interviewee has moved in recently! In the latter case also ask:

HO08¢ “For how many years do you live here?” [Complete number of years the
interviewee is residentiary in the study location]
H09a-d* “When working with palms, [H09a] do you work solitary, [HO9b] with help

of your family or [H09c] do you cooperate with other persons or [H09d]

is it that none of these options are correct?”” Mark [H09a] if interviewee
works solitary! In the second case ask [HO9b]: “How many family members
(i.e., how many adults and how many children) help you?”, or in the third
case [HO9c]: ”With how many persons do you cooperate commonly?”,

or if none of the given options fit (e.g., if interviewee employs workmen)
[H09d] “Please specify with whom you are collaborating and how exactly!”
[Complete provided information (number and duration of cooperations or
employed workmen!]
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HI10

Hlla-c*

H12a

H12b
Hl13a-j*

Hl4a-g

Hl5a-g

H15h-n

Hl6a-c

Hl6d

H17a-f

H18a-h*

H19a
172

“Regarding your work with palms, are you associated with any institution,
company, or community?” In case of disapproval mark “no”, in case

of approval, mark “yes” and ask: “What is the name of the institution/
company/community you are associated with?”[complete provided name!]
“What period of time do you work with palms annually? Mark [H11a]

if interviewee works year-round, mark [H11b] and complete number of
months if interviewee only works several months per year with palms, or
mark [H11c] and specify, if it is more complicated, e.g., the interviewee
only works a number of days in certain months with palms!

“Does the work with palms represents your main occupation?” Mark [H12a]
in case of approval or (only in case of disapproval) ask:

“What other occupations are you pursuing? [Complete other occupations!]
“Regarding your work with palms, please tell me in what activities you are
involucrated? [Read the given options (harvester, grower, supplier, carrier,
producer, intermediary, salesman, exporter, supporter, inspector) and mark
were approved (more than one réle may be possible here!)!]

For every approved activity (role) ask: “Do you need a permit to comply
with your activity?” [if interviewee acts as a supporter or inspector (i.e.,
NGO staff or government official) ask: “Do you know, whether a permit

is required for harvest, cultivation, supply, transport, production, trade
(national) or export of palm resources?” In case of disapproval mark

“no”, in case of approval mark “yes” in the field corresponding to the
interviewee’s activity and ask: “What type of permit is required?”” (and
specify! E.g., collection permit, companies register, certificate of sanitary
conditions, export permit, ...) [if interviewee acts as a supporter or inspector,
ask: “What type of permit is required for harvest, cultivation, supply,
transport, production, trade (national) and export of palm resources?”’] and
also ask:

“How do you obtain the required permit(s)?” (or if interviewee acts as

a supporter or inspector, ask: “How are required permits obtained?”)
[Complete interviewee's answer(s) in the corresponding field(s)!]

In case a permit is required, ask: “Is there a regular control of required
permit(s)?” [In case of disapproval mark “no”, in case of approval mark
“yes” in the field corresponding to the interviewee’s activity]

“What is your cash income only through your activity with palms per month
(or per year)?” [Complete income (H16a), mark the correct unit of time
(H16b) and provide currency infromation (H16c¢)]

“What percentage of your overall cash income comes from your activity
with palms?” [Complete provided percentage!]

“How many years have you been involved in the (only use applicable
options!) harvest/cultivation/supply/transport/production/commercialisation
of palms/palm products?”” [Complete number of years for every activity the
interviewee is involved in!]

“With whom do you interact directly to comply with your activity?”

[Read the given options (landowner, harvester, supplier, carrier, salesman,
government officials, NGO staff, other) and mark the applicable. Specify
“other” in case the interviewee interacts with stakeholders not mentioned in
the here provided list of options!]

“Have you encountered any problems to comply with your activity?” [Mark



HI19b

H19¢

H19d

“no” in case of disapproval, mark “yes” in case of approval and ask H19b-d]
“Please describe one by one the (three) most prominent problems as short as
possible!” [Complete described problems (1, 2, 3)]

Ask for every mentioned problem: “What is the cause of that (1, 2, 3)
problem?” [Complete described causes]

Ask for every mentioned problem: “How do you think the problem (1, 2, 3)
can be solved? [Complete provided possible solution(s)!]

Breakdown of products, species, activities and corresponding annexes

H20 “With what palm raw material or palm product do you work and
what exactly is your activity in that? [All mentioned palm raw
materials/products have to be listed in the here provided table
(best fill in together with the interviewee) with corresponding palm
species name (if available) or vernacular name and all activities
(role) the interviewee is involved with!]

For every commercialised palm product exactly one annex has
to be completed!

Annex: product details

Interviewer

AO0la-b

A02
A03

[AOla] Please complete your full name and [AO1b] your consecutive
interview number!

Please complete the name of palm product under study!

Please complete the palm species name of which raw material(s) or the
product is obtained!

In case the interviewee is not active in harvest or cultivation start with [A11a]!

Raw material/product source

A04

A05a

A05b-c*

A06

“What plant part is harvested/required for production?”” [Complete plant
part, e.g., leaf, leaf petiole, infructescence, fruit, fruit kernel!]

“Do you harvest required raw material/plant parts yourself?” [In case of
disapproval, continue with A11! In case of approval, ask:]

“Where do you harvest required raw materials/plant parts? [Read the
provided options: “Do you harvest from the wild (i.e., forest) or do you
harvest from your own cultivation area (e.g., chagra, purma, finca) or do you
harvest from the wild as well as from your own cultivation area?” [Mark
applicable!]

“How do you harvest the plant material and what kind of tool(s) do you
need for that?” [Complete a short description of the applied harvest method
with information on required tools! E.g., spear leaves are cut with a saw
with long handle and carried home, or the tree is felled with an axe, then the
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AO07a

A07b

AO8a

A08b

A08c

A09a

A09b

A09c

Al0Qa-c

Al0d

Alla

Allb

Allc

Alld

Alle

Al2a
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infructescences are separated with a machete and carried home.]

“What amount of raw material do you harvest per month?” [Complete
interviewee’s answer with information on unit of weight!]

“What amount of raw material do you harvest per tree?* [Complete
interviewee’s answer with information on unit of weight!]

“After what time you can harvest from the same tree again?” [Complete
interviewee’s answer (e.g., twice per year, every second year, only once)!]
“What time is needed for the natural production of extracted plant parts?”
[E.g., every year the palm produces two new infructescences, i.e. 2/year.]
“What is the area size where you harvest from/cultivate palm species?”’
[Complete area size with corresponding unit, e.g., in ha or m?, 1 ha = 10.000
m?= 100 m x 100 m! Indicate area size of wild harvest with “W”” and area
size of cultivation with “C” and separate figures with *“/” if both options are
applicable, e.g., W50 ha/ C0.5 ha!]

“What is the number of harvestable individuals of the required palm species
in the harvest area?” [and/or in case of own cultivation ask:] “What is the
number of harvestable palm trees in your cultivation area?” [Complete
number of harvestable individuals in the harvest area and/or cultivation area
(if both applicable, separate figures with “/, indicate wild harvest with “W”,
and harvest from cultivation area with “C”, e.g., W200/C30!)!]

[In case the interviewee is not cultivating, continue with A11!]

“How many years after planting the palms can be harvested for the first
time?” [Complete number of years!]

“Since when do you cultivate this palm species?” [Complete number of
years!]

“Who is the owner of the land where you cultivate this palm species?” Mark
[A10a] if the interviewee is the landowner, mark [A10b] if it is communal
territory or [A10c] if the area neither is the interviewee’s property nor
communal territory! [In the latter case ask:]

“Do you have to pay lease for the area?” (In case of disapproval continue
with [A11], in case of approval mark “yes” and ask: "How much lease do
you pay per month?” [Complete lease per month and specify currency!]
“Do you (also) buy palm raw material/products?” In case of disapproval
continue with [A13], if interviewee performs pre-processing of raw
materials/products; or continue with [A14], if interviewee is producing,
bottling or repacking raw materials/products; or continue with [A17], if
interviewee only buys and resales unprocessed raw materials/products! In
case of approval mark with “X” and ask:

“What amount of raw material/products do you buy per month?”” [Complete
purchased amount per month with information on unit!]

“From whom do you buy raw material/products?” [Complete name(s) of
salesman or company!]

“Where from (location) do you buy raw material/products?”’ [Complete
location name(s)!]

“What is the purchase price of raw material/products?” [Complete purchase
price with information on unit and currency!]

In case interviewee harvests raw material ask: “Do you follow a
management plan or do you provide any kind of source documentation?”

In case interviewee buys raw materials or products, ask: “Do the raw



materials/products come with any kind of source documentation?” In case of
approval ask:

Al12b “Is it possible to obtain a copy or foto of the management plan and/or source
documentation?”

Pre-processing of raw material(s)/products

Al3 “Does the raw material that you use/buy needs to be pre-processed before
production?” In case of approval continue with [A13a] and complete the
table “Pre-processing of raw material(s)/products” In case of disapproval
continue with [A14] if interviewee produces or with [A17] if interviewee
only buys and resells raw material(s)/products!

If any kind of pre-processing is realised, ask:

Al3a “What different stages of pre-processing are realised?”

A13b “How are the mentioned stages of pre-processing realised? Are any
additional materials or tools required?”

Al3c “How much time do you need per unit to realise the mentioned stages of

pre-processing?”

Products and production

Al4 Complete all different (sub-)products and by-products that are or might be
commercialized by the interviewee into the table “Products and production™!
If there are different sub-products or by-products please assign them to I,
I1, ... in order to separate production details and information on marketed
amounts, market locations and prices!

Alda “What (sub)-products do you produce? Are any by-products obtained during
the production process?” [List all different (sub-)products and by-products!]

For every (sub-)product or by-product listed in [A14a] ask:

Al4b “What amount of raw material is required for the production of one unit of
(sub-)product (and by-product)?”’ [Specify all units!]

Aldc “How much time is required for the production of one (sub-)product unit?

Al4d “What is the usual selling price (minimum-maximum) for every (sub-)
product (and by-product)?” [Specify unit and currency!]

Al5 “What amount of (sub-)products (and by-products) do you usually produce
every month?” (minimum-maximum and/or mean, specify unit!)

Al6 “Why do you produce this amount? What are the limiting factors of
production?”

Al7 “Do you implement any type of batch coding?”’ In case of disapproval

mark “no”, in case of approval mark “yes” and ask “Please specify what
information is provided by the batch code (e.g., harvest source, date, certain
quality, ...)?”

Trade
If there are different sub-products (or by-products from production) commercialised assign
them to I, I, ... in order to separate trade details and information on marketed
amounts, market locations and prices!
Al8 “How are the selling prices determined?” (e.g., quality, variety, season,
location, ...)
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Al19a “Where do you sell raw materials/products?”’ [complete location(s)!]

A19b “What are the transportation costs to the market/business partner?” [Specify
transportation costs per unit with information on currency!]

A20 “To whom do you sell raw materials/products?” [please provide name of
business partner, company, or intermediary!]

A21 “What is the final use of raw materials/products you sell?” [Specify!]

A22 “What are the limiting factors of sale?”” [Specify!]

A23 “What amount of raw materials/each (sub-)product and/or by-product do

you sell per month? [Please specify with unit information, using LII, ..., if
there are several raw materials/(sub-)products/by-products commercialised!]
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Appendix A2.1 SRP Forms: Master Sheet

Master Sheet -please complete this form for every informant!-

HO1 [Interviewer (full name) Date

HO2 |Interv.-No. | Institution
Interviewee and location I

HO3 |country province
department municipality
name of city/village/community ‘

HO4 |GPS data SIN E/W ‘altitude ‘ m

HO5 [contact O direct ‘ O mediator (full name):

HO6 |ethnic group ‘gender ‘ Om Of

HO7 |interviewee’s full name

HO8 |age years [residentiary in interview location O native O residentiary since years

HO9 | O individual, working solitary O family business with adults and children (0] cooperating persons
O other (specify):

H10 |associated with institution/company/community Ono Oyes:

H11 |time working with palms per year | O perennial O __ /12 months | O other (specify):

H12 |palm business main occupation? | O yes O no, part-time, other occupation(s):

H13 | activity (regarding palm business) O harvester O grower O supplier O carrier O producer

O intermediary O salesman O exporter O supporter O inspector

H14 |type of permit required to pursue your activity? transport Ono O yes:
harvest Ono O yes: production Ono O yes:
cultivation Ono O yes: national trade | O no O yes:
supply Ono O yes: export Ono O yes:

H15 |How do you obtain the required permit(s) for ...? Control (of permit)
harvest Ono Oyes
cultivation Ono  Oyes
supply Ono Oyes
transport Ono  Oyes
production Ono Oyes
national trade Ono  Oyes
export Ono Oyes

H16 |cash income O /month O /year |currency percentage of tot.? %

H17 |How many years have you been involved in the harvest/cultivation/supply/transport/production/commercialisation of palms/palm products?
palms, level harvest cultivation supply transport production commercialisation
of experience

years years years years years years
H18| With whom do you interact directly to comply with your activity?
O landowner | O harvester O supplier O carrier ‘ O salesman o?fic?:I\; ement O NGO staff
O Other (please specify!):
H19 |Have you encountered any problems to comply with your activity? I Ono O yes, specify: description, cause, possible solution
description cause possible solution
1.
2.
&,
Breakdown of products, species, activities and corresponding annexes
palm species

H20 |product/ . (scientific and/or wild harvest cultivation pply port pr li

raw material

vernacular name)
Examples:
palmito Euterpe oleracea X /X X
mesocarp oil _|ungurahua X /X X X
fibra, escoba _|Aphandra natalia X X X/ X X X
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Appendix A2.2 SRP Forms: Annex

Annex: product details

-please complete this sheet for every product!-

A01 |Interviewer (full name) Interv.-No.

A02 |product name

A03 |palm species
Raw material/product source |

A04 |plant part(s) required (e.g., leaf)

A05 |raw material source O own harvest |harvest area O forest (wild) [ O own cultivation area

A06 |harvesting method (tools used)

AQ7 Jharvested amount per month per tree

A08 [harvest frequency (same tree) nat. production Iyear |area size

A09 |no. of trees 1. harvestafter | ____ Yyear(s) |own cultivation performed since ___ year(s)

A10 Jland tenure O landowner O community O leased leasing costs | O yes, per month

A11 | O purchased per month source (seller)
source (location) purchase price |

A12 |management plan or source documentation? | Ono Oyes copy or photography available? Ono O yes
Pre-processing of raw material(s)/products

A13 |pre-processing stage (what is done?) how? (additional raw material or tool(s) required?) |time/unit
Products and production

A14 |product (name/description) raw material required per unit required working time/unit price/unit

|
Il

A15 |amount of production per month  |l:

A16 Jwhy this amount, what are the limiting factors?

A17 |batch coding implemented? | O no O yes, providing information on:
Trade |

A18 |prices are determined by ... ?

A19 |point-of-sale | transportation costs

A20 Jto whom do you sell?

A21 [final use of raw material/product

A22 |limiting factors of sales?

A23 |sold amount per month? I:
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Appendix A3.1 SRP DCT: Master Sheet

Interviewer Interviewee and location
HO1 HOla H02 H02a HO3 | HO03a | HO3®b | HO3c | HO03d
Interviewer (full name) Date Interview Institution Country Province Department Municipality City/village/community
Examples
Daniela Baldassari 04.Julio 2011 1 PUCE Ecuador Barrio; Las Tolas - Gualea
Daniela Baldassari 04.Julio 2011 1 PUCE Ecuador Barrio; Las Tolas - Gualea
Daniela Baldassari 04.Julio 2011 1 PUCE Ecuador Barrio; Las Tolas - Gualea
Danicla Baldassari 04.Julio 2011 2 PUCE Ecuador
HO04
GPS- coordinates
latitude longitude altitude
S 0°04'42.,4" W 78° 46' 33,9" 1824 m
S 0°04'42,4" W 78° 46' 33,9" 1824 m
S 0°04'42.,4" W 78° 46' 33,9" 1824 m
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Appendix A3.1 SRP DCT: Master Sheet (continued)

HO5 HO06 HO06a HO7 HO8
Ethnic group Gender Interviewee Age
intermediate m f | full name years
- X Mariana Judith Delgado Mufioz 45
- X Mariana Judith Delgado Mufioz 45
- X Mariana Judith Delgado Mufioz 45
HO8a HO8b
Residentiary in interview location Cooperator
O native residentiary since working solitary Sfamily with ? adults

X

X

X



Appendix A3.1 SRP DCT: Master Sheet (continued)

HO09 H10 H11
Associated with Time working with palms per year
and ? kids ? cooperating persons other institution/company/community ? months perennial

2 Asociacion de artesanos Muyucunayumbo X

2 Asociacion de artesanos Muyucunayumbo X

2 Asociacion de artesanos Muyucunayumbo X

H12

palms, main occupation? Activity (palms)

yes, palms no, part-time, other occupation harvester grower supplier carrier

X, Turismo, Ganadero
X, Turismo, Ganadero
X, Turismo, Ganadero
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Appendix A3.1 SRP DCT: Master Sheet (continued)

H13 H13
Activity (palms)
producer intermediary salesman exporter supporter inspector
X X
X X
X X
H14 y H14a HI15
Permit required to pursue your activity? What type? How do you obtain the required permit(s) for ...?
harvest cultivation  supply transport production  trade export harvest cultivation  supply transport
no no
no no
no no
H15a H16 Hl6a
Controlled? Income (from palms) Percentage
produce trade export (of permit) /month /year currency of total income
- - 150 - USD -



Appendix A3.1 SRP DCT: Master Sheet (continued)

H17 H18
How many years involved in ...? With whom do you interact directly to comply with your activity?
harvest cultivation supply transport production trade landowner  [harvester supplier carrier
12 12 11 X, de Manuel Aules X
H19 H19a
Problems? Problem description
salesman gove.rnment NGO staff  |other O no O yes 1 2 4
officials
X X falta de contactos, no hay comercializacion
H19b H19c¢
Problem cause Possible solution
1 2 3 4 1 2 4

falta de contactos a quien vender

formar una cooperativa y buscar contactos
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Appendix A3.1 SRP DCT: Master Sheet (continued)

Desglose de productos, especies y actividades y correspondientes anexo info
H20 Contact
Product/raw material Palm species name Wild harvest Cultivation Supply Transport Production Trade email add
Artesania de Tagua Phytelephas aequatorialis X X
Artesania de palmito Prestoea acuminata X X X No Anexo!!!
Artesania de pambil Iriartea deltoidea X X No Anexo!!!

Appendix A3.2 SRP DCT: Annex

Interviewer, product name, and palm species Raw material/product source

A01 A0la A02 A03 A04 A05 A05a
Interviewer (full name) Interview  |Product name Palm species Plant part/s required Source of raw material/s |

O own harvest O forest (wild) O own cultivation
Examples

Daniela Baldassari 1 Artesania de Tagua Phytelephas aequatorialis Semilla
Daniela Baldassari 2

A06 A07 A07a A08 A08a A08b A09 A09a
Harvesting method Harvested amount Harvest frequency Natural production Area size No. of trees First harvest
tools used? per month per tree from individual tree after how many years

A09b A10 | Al0a All Alla Allb | Allc Al2
Own cultivation since ~ |Area of own cultivation Purchase of raw material or finished products Management plan/source documentation?
in years land tenure costs (currency?) O purchased amount/month source and seller price (currency?) type of document
X se compra 5 qqg/afio, se - 8 USD/qq (+15 § transporte)



Appendix A3.2 SRP DCT: Annex (continued)

Pre-processing of raw material/products

Products and production
Al3 Al4d

Pre-processing stage Additional raw material or tools  |time/unit Product Amount of raw material Required working time Sales price

what is done? how? per unit per unit per unit

1. secar, 2. corte en tajada, 3. sc 1. Horno, 2. sierra electrica, 3. h 1. 2,5-3 dias, 2. 2 min/tagua, 3. 3 Bisoteria - (depende) 2 semanas/producto 0.8-10 $/producto

Trade
AlS Al6 Al7 Al8

Amount of units produced Why this amount? Batch coding implemented? Prices are determined by ... ?
per month what are the limiting factors? O no | O yes (information?)
depende de pedidas humedad, demanda X calidad, tiempo de elaboracion, precios de la competencia

Al19 Al9a A20 A21 A22 A23

Point-of-sale Transportation costs To whom do you sell? Final use? Limiting factors of sales? Sold amount per month?
location buyer/company
voluntarios, comerciantes en Tulipe y Quito a Quito 1 $, al exterior el cliente pag: voluntarios, intermediarios y turistas Bisuteria competencia depende de pedido
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Appendix B to Chapter 6

Appendix B Raw data and results from statistical analyses

B1.1 Raw data table from population inventories (Bal — Balsas, Car — Caraz, Tar — Tarma,
Oma — Omate, SAA — San Antonio A, SAB — San Antonio B, Chu — Chuquibamba,
detailed information on the study locations may be obtained from Table 1, na — not

available)

Study location
name & No.

No. of counted individuals per size class

Seedling Juvenile

Adult

Total No. of
individuals

Counted No. of
digging holes
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B1.1 Raw data table from population inventories (continued)

Carl05 0 2 7 0
Carl06 0 2 10 0
Car107 1 3 15 19 0
Carl08 34 10 24 68 0
Carl109 14 10 20 44 0
Carl10 3 2 17 22 0
Carlll 19 0 11 30 0
Carl12 18 3 47 68 0
Carl13 73 6 37 116 0
Carl14 4 3 20 27 0
Carl15 0 1 8 9 0
Car201 8 33 48 0
Car202 12 10 35 57 0
Car203 0 2 33 35 0
Car204 26 11 62 99 0
Car205 0 3 21 24 0
Car206 7 13 48 68 0
Car207 8 12 32 52 0
Tar101 0 1 6 7 na
Tar102 0 3 1 4 na
Tar103 0 1 4 5 na
Tar104 0 3 5 8 na
Tar105 0 2 5 7 na
Tar106 0 1 4 5 na
Tarl107 0 2 3 5 na
Tar108 0 0 0 0 na
Tar109 0 0 1 1 na
Tarl110 0 1 3 4 na
Tarlll 0 2 2 4 na
Tarl12 0 4 2 6 na
Tarl13 0 0 2 2 na
Tarl14 0 1 7 8 na
Tarl15 0 7 6 13 na
Tarl16 0 3 4 7 na
Tarl117 0 9 9 18 na
Tar201 0 4 10 14 na
Tar202 0 0 2 2 na
Tar203 0 0 1 1 na
Tar204 0 0 6 6 na
Tar205 0 0 5 5 na
Tar206 0 0 3 3 na
Tar207 0 2 12 14 na
Tar208 0 4 3 7 na
Tar209 0 0 7 7 na
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B1.1 Raw data table from population inventories (continued)

Tar210 0 6 11 17 na
Tar211 0 3 5 8 na
Tar212 0 5 4 9 na
Tar213 0 4 8 12 na
Tar214 0 4 8 12 na
OmalOl 8 3 2 13 na
Omal02 0 0 0 0 na
Omal03 1 0 0 1 na
Omal04 1 0 0 1 na
Omal05 0 0 1 1 na
Omal06 0 0 0 0 na
Omal07 0 0 0 0 na
Omal08 0 0 0 0 na
Omal09 0 0 0 0 na
Omall0 0 0 0 0 na
SAA101 0 0 1 1 0
SAA102 0 0 0 0 0
SAA103 0 0 0 0 0
SAA104 0 0 0 0 0
SAA105 0 0 0 0 0
SAA201 2 5 1 8 2
SAA202 3 3 2 8 2
SAA203 0 0 1 1 0
SAA204 0 1 0 1 0
SAA205 0 2 2 4 0
SAA206 1 3 6 10 1
SAA207 1 1 10 12 3
SAA208 0 2 6 8 1
SAA209 0 5 4 9 2
SAA210 2 3 5 10 3
SAA211 0 0 2 2 0
SAA212 0 3 2 5 0
SAA213 5 7 2 14 2
SAA214 2 11 2 15 6
SAA215 3 3 6 12 5
SAA216 2 4 3 9 3
SAA217 0 2 1 3 3
SAA218 4 1 24 29 4
SAA219 2 3 14 19 3
SAA220 8 4 1 13 1
SAA221 24 20 1 45 2
SAA222 3 7 12 3
SAA223 0 0 2 0
SAA301 ) 6 16 26 0
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B1.1 Raw data table from population inventories (continued)

SAA302 0 0 10 10 0
SAA303 2 0 5 7 0
SAA304 1 0 0 1 0
SAA305 0 1 2 3 0
SAA306 0 0 0 0 0
SAA307 0 3 7 10 0
SAA308 3 7 8 18 0
SAA309 1 1 9 12 0
SAA310 1 0 2 3 0
SAA311 1 3 6 10 0
SAA312 0 2 7 9 1
SAB101 0 1 3 4 10
SAB102 0 5 4 9 13
SAB103 1 8 5 14 8
SAB104 2 12 9 23 11
SABI105 1 8 11 20 8
SAB106 0 0 4 4 0
SAB107 0 0 1 1 6
SAB108 0 1 0 1 5
SAB109 0 0 6 6 2
SABI10 0 1 4 5 4
SABI111 0 0 0 0 0
SAB112 0 0 2 2 0
SABI13 0 0 0 0 5
SAB114 0 3 2 5 4
SABI115 0 11 5 16 0
SABI116 0 0 6 6 6
SABI117 0 6 5 11 0
SABI118 0 0 3 3 0
SAB201 0 0 2 2 10
SAB202 2 6 8 16 0
SAB203 4 13 6 23 8
SAB204 6 10 2 18 17
SAB205 0 6 19 25 9
SAB206 0 11 14 25 1
SAB207 0 0 1 1 0
SAB208 0 0 1 1 1
SAB209 2 1 8 11 4
SAB210 1 1 4 6 4
SAB211 0 4 4 8 4
SAB212 0 0 1 1 0
SAB213 0 0 0 0 8
SAB214 0 8 3 11 6
SAB215 0 8 5 13 2
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B1.1 Raw data table from population inventories (continued)

SAB215 0 8 5 13 2
SAB216 0 5 7 12 7
SAB217 0 5 9 14 2
SAB218 0 2 3 5 0
SAB301 0 2 0 2 11
SAB302 0 6 3 9 8
SAB303 1 13 4 18 7
SAB304 4 7 5 16 9
SAB305 1 9 17 27 9
SAB306 0 5 7 12 0
SAB307 0 0 0 0 2
SAB308 0 3 2 5 5
SAB309 0 0 2 2 5
SAB310 0 0 0 0 0
SAB311 0 1 3 4 10
SAB312 0 0 0 0 0
SAB313 0 3 2 5 2
SAB314 0 5 6 11 18
SAB315 4 8 3 15 6
SAB316 0 1 4 5 0
SAB317 0 2 8 10 10
SAB318 0 2 2 4 0
Chul01 7 18 6 31 na
Chul02 10 6 4 20 na
Chul03 8 20 4 32 na
Chul04 5 11 5 21 na
Chul05 3 15 6 24 na
Chul06 11 6 6 23 na
Chul07 18 14 4 36 na
Chul08 12 13 10 35 na
Chul09 10 6 12 28 na
Chull0 12 8 5 25 na
Chu201 18 13 2 33 na
Chu202 12 17 2 31 na
Chu203 17 10 5 32 na
Chu204 15 15 6 36 na
Chu205 14 10 3 27 na
Chu206 13 8 2 23 na
Chu207 12 6 2 20 na
Chu208 10 13 4 27 na
Chu209 11 13 3 27 na
Chu210 11 12 1 24 na
Chu301 2 2 14 18 na
Chu302 3 6 13 22 na
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B1.1 Raw data table from population inventories (continued)

Chu303 0 6 20 26 na
Chu304 1 5 20 26 na
Chu305 1 7 16 24 na
Chu306 9 6 13 28 na
Chu307 0 5 15 20 na
Chu308 2 2 20 24 na
Chu309 1 4 22 27 na
Chu310 1 8 21 30 na
Chu401 1 15 7 23 na
Chu402 2 17 13 32 na
Chu403 7 10 10 27 na
Chu404 5 15 10 30 na
Chu405 4 10 12 26 na
Chu406 3 8 12 23 na
Chu407 0 6 11 17 na
Chu408 10 13 13 36 na
Chu409 1 13 12 26 na
Chu410 1 12 21 na
Chu501 0 2 9 na
Chu502 0 2 5 7 na
Chu503 0 1 13 14 na
Chu504 0 8 16 24 na
Chu505 0 0 13 13 na
Chu601 0 2 12 14 na
Chu602 0 6 14 na
Chu603 0 4 8 12 na
Chu604 0 7 10 17 na
Chu605 0 2 10 12 na
B1.2 Raw data from the germination experiment

Sow depth and seed treatment
Pot No.

0Ocm-— Scm-— 10 cm — 0cm-— 5cm-— 10 cm —

untreated |untreated |untreated |pre-treated |pre-treated |pre-treated
1 1 8 9 1 8 8
2 4 7 10 2 9 10
3 2 9 8 0 10 8
4 3 10 9 0 8 10
5 4 7 10 4 8 9
6 3 8 8 3 8 8
7 5 8 9 1 9 8
8 1 8 8 1 9 8
9 4 8 8 2 8 9
10 1 9 9 2 8 8

192




B2.1 Results from the statistical analyses (L — Levene’s test, M — Mann-Whitney-U test) of the pairwise tested population
inventory data (Bal — Balsas, Car — Caraz, Tar — Tarma, Oma — Omate, SAA — San Antonio A, SAB — San Antonio B, Chu
— Chuquibamba, detailed information on the study locations may be obtained from Table 1, na — not available; results of the
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Mann-Whitney-U test in brackets in case the Levene’s-test was significant at the p < 0.05 level).

B2.1.1 Seedlings

Bal2 | Carl Car2 Tarl Tar2 Omal SAAI1 SAA2 SAA3
Ball na L: p=0.001; L:p=0.001; | na na L: p=0.009; na L:p=0.015; L: p=10.000;
M: W =40, M: W =16, (M: W =56, M: W=72, (M: W =40,
p =0.0002) p=0.0003) p =0.0256) p =0.0002) p =0.0007)
Bal2 - L: p=0.001; L: p=0.001; na na L:p=0.012; na L:p=0.019; L: p=10.000;
M: W=37.5, M: W =15, (M: W=525, M: W =675, M: W=375,
p =0.0002) p =0.0004) p =10.0306) p =0.0003) p=0.0010)
Carl - L:p=0.187; L: p=10.000; L: p=0.001; L:p=0.012; L: p=0.047; L: p=0.001; L: p=10.005;
M: W =47, M: W=213, | M: W=175, | M: W=111, M: W=062.5, (M: W =205, M: W =118,
p=0.7201 p =10.0001) p =0.0003) p =0.0392) p =0.0223) p =0.3253) p =0.1659)
Car2 - L:p=0.000; | L:p=0.001; | L:p=0.041; L: p=0.055; L:p=0.119; L:p=0.010;
M: W=102, | M: W=284, (M: W=1545, M: W =30, M: W =118, (M: W =65,
p =0.0002) p =0.0006) p =0.0442) p =0.0294 p =0.0656 p =0.0500)
Tarl - na L: p=0.007; na L:p=0.012; L: p=10.000;
(M: W=1595, (M: W=76.5, M: W=425,
p=0.0214) p =10.0001) p =0.0005)
Tar2 - L: p=0.015; na L: p=0.023; L: p=0.000;
(M: W =49, M: W=63, (M: W =35,
p=0.0367) p =0.0005) p=0.0014)
Omal - L:p=0.151; L: p=0.362; L: p = 0.496;
M: W =325, M: W =73, M: W =435,
p=0.2195 p =0.0832 p=0.2436
SAA1 - L:p=0.171; L: p=0.025;
M: W =225, M: W=125,
p =0.0264 p =0.0432)
SAA2 - L: p=0.169;
M: W =163,
p=0.376
SAA3 -




B2.1 Results from the statistical analyses (continued)

B2.1.1 Seedlings (continued)

SABI1 SAB2 SAB3 Chul Chu2 Chu3 Chu4 Chu5 Chu6

Ball L:p=0.001; L: p=0.000; L:p=0.001; L: p=10.000; L: p=10.000; L: p=10.004; L: p=10.000; na na
M:W=120, | M:W=104, | M:W=112, | M: W=0, M: W=0, M: W =16, M: W =38,

p =0.0993) p =0.0270) p =0.0520) p=1.71e-06) | p=1.71e-06) | p=4.06e-05) | p=2_8.91e-06)

Bal2 L:p=0.001; L: p=10.000; L:p=0.016; L: p=10.000; L: p=10.000; L: p=10.005; L: p=10.000; na na
M:W=113, | M:W=975, | M: W=105, | M: W=0, M: W=0, M: W =15, M: W=17.5,
p=0.1107) p =0.0320) p =0.0598) p=3.05¢-06) | p=3.05¢-06) | p=06.42¢-05) | p=1.50e-05)

Carl L: p=0.000; L:p=0.001; L:p=0.001; L: p=0.029; L:p=0.018; L:p=0.014; L:p=0.021; L:p=0.047; L:p=0.047;
M:W=213, | M:W=197, | M: W=204, | (M: W =50, (M: W =46, M: W=2875, | M: W=74, M: W=0625, | M: W=62.5,
p=0.0015) p=0.0151) p =0.0058) p=0.1721) p=0.1122) p =0.4976) p=0.9776) p=0.0223) p=0.0223)

Car2 L:p=0.001; L: p=10.003; L: p=0.002; L:p=0.198; L:p=0.071; L: p=0.049; L:p=0.103; L: p=0.055; L: p=0.055;
M: W=105, | M:W=103, | M:W=104, | M: W=26.5, | M\: W=14, (M: W =49, M: W =47, M: W =30, M: W =30,
p =0.0024) p =0.0069) p =0.0043) p=0.4318 p = 0.0445 p=0.1817) p=0.2582 p=0.0294 p=0.0294

Tarl L: p=10.000; L: p=0.000; L:p=0.001; L: p=10.000; L: p=10.000; L: p=0.003; L: p=10.000; na na
M:W=128, | M:W=1I1, | M:W=119, | M: W=0, M: W=0, M: W=17, M: W=8.5,

p =0.0892) p =0.0227) p =0.0453) p=9.68e-07) | p=9.68e-07) | p=2.58e-05) | p=>5.33e-06)

Tar2 L: p=0.001; L: p=0.000; L: p=0.002; L: p=0.000; L: p=0.000; L: p=0.007; L: p=0.000; na na
M: W=105, | M:W=91, | (M:W=98, | M: W=0, M: W=0, M:W=14, | M: W=7,
p=0.1235) p=0.0381) p =0.0690) p =5.46e-06) | p=>5.46e-06) | p=0.0001) p =2.53e-05)

Omal L: p=0.043; L: p=0.743; L: p=0.343; L:p=0.128; L:p=0.339; L: p=0.827; L:p=0.221; L:p=0.151; L:p=0.151;
M: W=103, | M: W=90.5, | M: W=97, M: W=35, M: W =0, M: W =24, M: W=175, | M:W=325 | M: W=325,
p=0.4216) p=1 p=0.6812 p=0.0004 p=0.0001 p=0.0402 p=0.0118 p=0.2195 p=0.2195

SAA1 L:p=0.051; | L:p=0.032; | L:p=0.056; | L:p=0.024; | L:p=0.005, | L:p=0.104; | L:p=0.010; | na na
M: W=375, | M:W=325, | M: W=35, M: W=0, M: W=0, M: W=5, M: W=25,
p=0.3726 p=0.2152) p=0.2834 p=0.0022) p=10.0022) p=0.0109 p =0.0052)

SAA2 L: p=0.025; L:p=0.152; L:p=0.078; L: p=0.799; L: p=0.695; L: p=10.439; L:p=0.872; L:p=0.171; L:p=0.171;
W =313, M: W =278, M: W =292, M: W=175, | M: W=10, M: W =115, M: W=815 | M:W=925, | M:W=0925,
p=0.0019) p =0.0433 p=0.0143 p =0.0001 p = 3.40e-05 p=1 p=0.1873 p=0.0264 p=0.0264

SAA3 L:p=0.016; | L:p=0.532; | L:p=0.782; | L:p=0.016; | L:p=0.022; | L:p=0.326; | L:p=0.016; | L:p=0.025; | L:p=0.025;
M:W=155 | M:W=134, | M:W=144, | M:W=15 | M:W=0, M: W=455 | (M: W=29, M: W=475, | M: W=475,
p=0.0183) p=0.2213 p =0.0802 p=0.0001) p=7.52¢-05) | p=0.3353 p =10.0388) p =0.0432) p =0.0432)

194



61

B2.1 Results from the statistical analyses (continued)

B2.1.1 Seedlings (continued)

SABI1 SAB2 SAB3 Chul Chu2 Chu3 Chu4 Chu5 Chu6
SABI1 - L: p=10.006; L: p=0.047; L: p=10.000; L: p=10.000; L:p=0.017; L: p=0.000; L: p=0.051; L: p=0.051;
(M: W=140, | M: W=151, | (M: W=0, (M: W=0, M:W=30, |(M:W=17, | M:W=525 | M: W=525,
p=0.3384) p=0.6302) p=3.08¢-06) | p=3.08¢-06) | p=0.0011) p=10.0001) p=0.3726 p=0.3726
SAB2 - L: p=0.338; L:p=10.015; L: p=10.061; L:p=0.510; L: p=10.030; L: p=10.032; L:p=10.032;
M:W=173, | (M:W=3, M: W=0, M: W =49, (M: W=325, | (M: W=57.5, | (M: W=57.5,
p=0.6619 p=123e-05) | p=6.06e-06) | p=0.0340 p =0.0034) p=0.2152) p=0.2152)
SAB3 - L:p=0.003; | L:p=0.007, | L:p=0.196; | L:p=0.004; | L:p=0.056; | L:p=0.056;
M: W=2, M: W=0, M: W =40, M: W =25, M: W =355, M: W =55,
p=7.24e-06) | p=4.45e-06) | p=0.0081 p =0.0007) p=0.2834 p=0.2834
Chul - L:p=0345, | L:p=0.177, | L:p=0.561; | L:p=0.024; | L:p=0.024;
M: W=20.5, | M:W=955 | M:W=895, | M:W=50, M: W=17.5,
p=0.0272 p =0.0006 p=10.0031 p=10.0022) p =0.0348)
Chu2 - L:p=0478; | L:p=0.661; | L:p=0.005; | L:p=0.005;
M: W =100, M: W=99.5, | (M: W=50, (M: W=50,p
p=0.0002 p =0.0002 p=0.0022) =0.0022)
Chu3 - L:p=0.315 | L:p=0.104; | L:p=0.104;
M:W=345 | M:W=45p | M:W=45p
p=0.245 =0.0109 =0.0109
Chu4 - L:p=0.010; | L:p=0.010;
M: W=475, | (M: W=47.5,
p =0.0052) p =0.0052)
Chu5 - na




B2.1 Results from the statistical analyses (continued)

B2.1.2 Juveniles

Bal2 Carl Car2 Tarl Tar2 Omal SAAI SAA2 SAA3
Ball L: p=0.655; | L: p=10.004; L: p=0.000; L: p=0.022; L: p=0.000; L:p=0.711; L:p=0.079; | L:p=0.018; L: p=0.006;
M: W=103, | (M: W=40, M: W=2, (M: W =49, M: W =64, M: W =091, M: W =50, (M: W =48, (M: W =58,
p=0.4126 p =0.0008) p =0.0001) p =0.0010) p =0.0253) p =0.4206 p=0.2513 p =5.94e-05) p =0.0474)
Bal2 - L:p=0.012; L: p=0.001; L: p=0.062; L: p=0.002; L: p=0.490; L:p=0.093; | L: p=0.034; L: p=0.024;
(M: W =43, M: W=2, M: W =56, M: W =170, M: W=0955, | M:W=525, | M: W=54, (M: W =63,
p =0.0027) p =0.0002) p =0.0051 p =0.0984) p=0.1587 p=0.1144 p =0.0003) p=0.1515)
Carl - L:p=10.254; L: p=0.337; L:p=0.513; L:p=0.012; L:p=0.020; | L: p=10.706; L: p=0.489;
M:W=175, | M:W=150, | M: W=118, M:W=127, | M: W=68, | M: W=154, M: W =115,
p=0.0140 p =0.4098 p=0.593 p =0.0024) p =0.0074) p =0.5862 p=0.2225
Car2 - L: p=0.040; L: p=0.029; L: p=0.001; L:p=0.005; | L: p=0.579; L: p=0.063;
M: W=106, | (M: W=284, M: W=69, M: W=35, | M:W=127, M: W=76.5,
p =0.0032) p =0.0089) p = 0.0005) p =0.0042) p=0.0229 p =0.0037
Tarl - L:p=0.612; | L:p=0.040; | L: p=0.031; | L: p=0.260; L:p=0.797;
M: W=119, M:W=144, | M: W=78, | M: W=143, M: W =121,
p=1 p =0.0020) p =0.0052) p =0.1454 p=0.4154
Tar2 - L: p=0.000; L:p=0.000; | L:p=0411; L:p=0.828;
M: W=106, | M: W=55 | M: W=130, M: W=092,
p=0.0181) p =0.0433) p=0.325 p =0.6874
Omal - L:p=0.142; | L: p=0.047; L:p=0.012;
M: W=275, | (M: W=26, M: W =32,
p=0.5716 p =0.0003) p=0.0319)
SAAI - L:p=0.079; L: p=10.009;
M: W=75, (M: W =13,
p=0.0025 p =0.0445)
SAA2 - L: p = 0.403;
M: W =189,
p =0.0750
SAA3 -
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B2.1 Results from the statistical analyses (continued)

B2.1.2 Juveniles (continued)

SABI1 SAB2 SAB3 Chul Chu2 Chu3 Chu4 Chu5 Chu6
Ball L: p=0.000; L: p=0.000; L: p=0.000; L: p=0.000; L: p=0.001; L: p=0.037; L: p=0.001; L:p=0.019; L:p=0.011;
(M: W =89, M: W =57, (M: W =50, M: W=0, M: W=0, M:W=25, | (M:W=0, M: W =15, M: W=2.5,
p =10.0329) p=10.0013) p =0.0006) p=9.97e-06) | p=9.93e-06) | p=1.86e-05) | p=1e-05) p=0.0176) p =0.0007)
Bal2 L: p=10.000; L: p=10.000; L:p=0.001; L: p=10.000; L: p=0.005; L:p=0.121; L: p=0.003; L: p=0.055; L: p=0.057;
M: W =96, M: W =63, (M: W =55, M: W=0, M: W=0, M: W =4, M: W=0, M: W =16, M: W =3,
p=0.1309) p =0.0065) p =0.0029) p=2.12¢-05) | p=2.11e-05) | p=5.63e-05 p=2.13e-05) | p=0.0466 p=0.0017
Carl L:p=0.142; L:p=0.125; L: p=0.405; L: p=0.045; L: p=0.836; L:p=0.228; L: p=0.688; L: p=0.829; L: p=0.576;
M: W=158, | M:W=121, M: W =131, M: W=95, | M:W=6.5, M: W=405, | M:W=6.5, M: W =45, M: W =26.5,
p=0.4058 p=0.609 p=0.8836 p =0.0003) p=0.0001 p=0.0565 p=10.0001 p=0.5332 p=0.3511
Car2 L:p=0.976; L:p=0.963; L:p=0.579; L: p=10.500; L:p=0.342; L: p=0.024; L: p=0.429; L: p=0.294; L:p=0.138;
M: W =106, | M: W =096, M: W =102, M:W=225 | M:W=195, | (M:W=353, M: W =19, M: W=315, | M: W=28,
p=0.0096 p=10.0478 p=0.0208 p=0.2395 p=0.1393 p=0.0951) p=0.1278 p=10.0270 p=0.1019
Tarl L:p=0.011; L: p=0.009; L: p=0.056; L: p=0.003; L: p=0.250; L:p=0.678; L:p=0.172; L: p=0.646; L:p=0911;
M: W=169, | M: W=121, | M: W =126, M: W=7, M: W =3, M: W =30, M: W =3, M: W =43, M: W =21,
p =10.6007) p =0.2855) p=0.3671 p=9.12e-05) | p=3.87¢-05 p =0.0058 p =3.89¢-05 p= p=0.0951
Tar2 L:p=0.018; L:p=0.016; L: p=0.096; L: p=0.003; L: p=0.323; L:p=0.232; L: p=0.209; L: p=0.802; L:p=0.727;
M:W=121, | M: W=87, M: W =99, M:W=15 | M:W=0.5, M:W=235 | M: W=0.5, M: W =34, M: W =195,
p = 0.8425) p=0.1293) p=0.3053 p=15.57e-05) | p=4.39¢-05 p=0.0062 p=4.43¢e-05 p=0.9619 p=0.1536
Omal L: p=0.000; L: p=0.000; L: p=0.001; L: p=0.000; L: p=0.005; L: p=0.043; L: p=0.003; L:p=0.037; L:p=0.014;
(M: W =48, (M: W =31, (M: W =28, M: W=0, M: W=0, M: W =2, M: W=0, M: W=85, | (M:W=2,
p=0.0222) p =0.0025) p=0.0019) p=28.51e-05) | p=8.45e-05) | p=0.0002) p=28.57e-05) | p=0.0195) p=0.0019)
SAAIL L:p=0.001; | L:p=0.002; | L:p=0.004; | L:p=0.002; | L:p=0.009; | L:p=0.015; | L:p=0.007; | L:p=0.042; | L:p=0.003;
(M: W =20, (M: W =13, M: W =10, M: W=0, M: W=0, M: W=0, M: W=0, M:W=25 | (M:W=0,
p=0.0434) p=0.0127) p=0.0079) p=0.0022) p=10.0021) p=0.0021) p =0.0022) p=0.0248) p=0.0073)
SAA2 L:p=0424; | L:p=0.382; | L:p=0.791; | L:p=0.197; | L:p=0.863; | L:p=0.257; | L:p=0.975; | L:p=0.705; | L:p=0.552;
M: W =254, M: W =194, M: W =214, M: W =20, M: W =16, M: W =65, M: W =16, M: W =73, M: W =45,
p=0.2153 p=0.7308 p=0.8736 p =0.0002 p=10.0001 p=0.0508 p=10.0001 p=0.3631 p=0.4672
SAA3 L: p=0.029; L: p=0.026; L:p=0.117; L: p=0.009; L:p=0.353; L: p=0.478; L: p=0.252; L:p=0.764; L: p=0.929;
M: W=101, | M: W=73, M:W=755 | M:W=45 | M:W=1.5, M: W =20, M: W=15, M:W=245 | M: W=13,
p=0.7565) p=0.1359) p=0.1681 p =0.0003) p=10.0001 p=0.0085 p=10.0001 p=0.5879 p=0.0768




B2.1 Results from the statistical analyses (continued)

B2.1.2 Juveniles (continued)

SABI1 SAB2 SAB3 Chul Chu2 Chu3 Chu4 Chu5 Chu6

SABI1 - L:p=0917; | L:p=0.482; | L:p=0.356; | L:p=0.254; | L:p=0.010; | L:p=0.344; | L:p=0.219; | L:p=0.1006;
M: W =130, M: W =132, M: W=18, M: W=12, (M: W =52, M: W=12, M: W=395 | M: W=28.5,

p=10.2985 p=0.3323 p =0.0005 p =0.0002 p =0.0644) p =0.0002 p=0.6997 p=0.2223
SAB2 - L:p=0427, | L:p=0410; | L:p=0230; |L:p=0.010, | L:p=0.312; | L:p=0.208; | L:p=0.102;
M: W =172, M: W =24, M: W=175, | M: W=74, M: W=17, M: W=525, | M: W=41.5,

p=0.7613 p=0.0016 p = 0.0005 p=04392) | p=0.0005 p=0.5974 p=08217
SAB3 - L:p=0.141; | L:p=0.581; | L:p=0.043; | L:p=0.728; | L:p=0.425;, | L:p=0.238;

M: W=175, | M:W=11.5, | M: W=60, M: W=11, M: W=525, | M: W=36,

p = 0.0005 p = 0.0002 p=0.1473) | p=0.0002 p=0.5976 p=0.5228
Chul - L: p=0.088; L: p=10.004; L: p=0.120; L:p=0.114; L: p=10.052;
M: W =50, (M: W =89, M: W =48, M: W=46.5, | M: W=455,

p=1 p=0.0031) p =0.909 p =0.0097 p=0.0134
Chu2 - L: p=0.142; L: p=0.849; L: p=0.705; L: p=10.434;
M: W =96, M: W =48, M: W=485, | M: W=48.5,

p =0.0005 p = 0.9084 p = 0.0046 p = 0.0046
Chu3 - L:p=0.096; | L:p=0429;, | L:p=0.588;
M: W =4, M: W=385, | M: W=30.5,

p = 0.0005 p=0.1062 p=0.5317
Chu4 - L:p=0.599; | L:p=0.344;
M: W =485, | M: W=485,

p =0.00467 p =0.0047
Chu5 - L: p=0.756;

M: W=7,

p=02812
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B2.1 Results from the statistical analyses (continued)

B2.1.3 Adults

Bal2 Carl Car2 Tarl Tar2 Omal SAAL SAA2 SAA3

Ball L:p=0.420; | L: p=0.001; L: p=0.001; L: p=0.827, L: p=0.236; L:p=0.012; L:p=0.046; | L: p=0.157, L: p=0.099;
M: W =76, M:W=85 | M:W=0, M: W =99, M: W =47, M:W=137, | M: W=70, | M: W=162, M: W =56,
p=0.0818 p=1.07¢-05) | p=10.0002) p=0.1837 p =0.0069 p =0.0020) p=0.0123) p=0.5201 p=0.0635

Bal2 - L: p=10.001; L: p=10.002; L: p=0.252; L: p=0.648; L: p=10.001; L: p=0.008; | L: p=0.342; L: p=10.261;

M: W=185, | M: W=0, M: W =142, M:W=755 | M:W=146, | M: W=74, | M: W=213, M: W =755,
p=0.0001) p =0.0002) p =0.5941 p=0.2033 p=7.48e-05) | p=0.0015) p =0.2245 p =0.4922

Carl - L: p=0.888; L: p=10.000; L: p=0.003; L: p=0.001; L:p=0.014; | L: p=0.003; L:p=0.015;

M: W=12, M:W=245, | M:W=180, | M:W=150, | M:W=75 | M:W=317, (M: W =153,
p =0.0047 p=9.55e-06) | p=0.0011) p=2.61e-05) | p=0.0012) p=1.51e-05) p =0.0024)
Car2 - L: p=10.000; L: p=0.004; L: p=0.002; L:p=0.024; | L: p=0.008; L: p=0.020;
M: W=119, | M: W=098, M: W =70, M: W=35, | (M: W =160, M: W =84,
p=0.0002) p=0.0003) p =0.0004) p =0.0049) p = 8.80e-05) p =0.0004)

Tarl - L: p=0.123; L: p=0.004; L:p=0.020; | L: p=0.110; L: p=0.053;

M:W=715, | M:W=160, | M: W=81, | M:W=223, M: W=70.5,
p=0.0608 p=0.0001) p =0.0026) p=0.4533 p=0.1676

Tar2 - L: p=0.001; L:p=0.008; | L: p=0.508; L: p=0.450;

M: W=138, | M: W= M: W =232, M: W =88,
p=>5.55e-05) | 69.5, p=0.0257 p=0.8567
p=0.0015)

Omal - L:p=0.479; | L: p=0.022; L: p=0.003;
M:W=255, | M: W=17.5, M: W =13,
p=1 p=9.96¢-05) p=0.0013)

SAA1 - L: p=10.086; L:p=10.027;

M: W=5.5, (M: W =0,
p=0.0016 p=0.0112)

SAA2 - L: p=10.967,

M: W =975,
p=0.1585

SAA3 -




B2.1 Results from the statistical analyses (continued)

B2.1.3 Adults (continued)

SABI1 SAB2 SAB3 Chul Chu2 Chu3 Chu4 Chu$ Chu6
Ball L: p=0.730; L: p=10.067; L: p=10.404; L: p=10.894; L: p=0.186; L: p=10.065; L: p=10.548; L: p=0.053; L: p=10.380;
M:W=110, | M: W=95, M: W=123, | M:W=255, | M:W=655, | M:W=0, M: W =3, M: W=45, M: W =3,
p=0.243 p=0.0917 p=0.4617 p=0.0041 p=0.4493 p=2.52e-05 p=4.97¢-05 p=0.0035 p=0.0023
Bal2 L: p=0.664; L:p=0.194; L: p=10.796; L: p=10.399; L: p=10.028; L:p=0.239; L:p=0.148; L:p=0.126; L:p=0.122;
M:W=149, | M:W=133, | M:W=163, | M:W=465, | (M:W=95, M: W =0, M: W =38, M:W=9, M: W=7,
p=0.6363 p=0.942 p=0.3159 p=0.1172 p=0.2722) p =3.43e-05 p =0.0002 p=0.0141 p =0.0083
Carl L: p=10.000; L: p=10.005; L: p=10.001; L: p=10.005; L: p=10.002; L:p=0.015; L: p=10.003; L:p=0.116; L: p=0.026;
M: W=255, | M:W=239, | M:W=255 | M:W=133, | M: W= M:W=e6l5, | M:W=0915, | M: W=51, (M: W =49,
p=1.61e-05) | p=0.0002) p = 1.46e-05) | p=10.0014) 148.5, p =0.4686) p=0.373) p=10.2551 p=10.3329)
p =4.85¢-05)
Car2 L: p=0.001; L: p=10.009; L: p=10.003; L: p=10.007; L: p=10.003; L:p=0.017; L: p=10.005; L:p=0.129; L: p=0.038;
M: W=126, | M: W=126, | M: W=126, | M: W=70, M: W =170, M: W=685, | (M: W=170, M: W =35, (M: W =35,
p =0.0002) p =0.0002) p=0.0001) p=0.0007) p=0.0007) p=0.0012) p =0.0007) p =0.0056 p =0.0055)
Tarl L:p=10.553; L: p=0.037; L: p=10.296; L: p=10.969; L: p=0.166; L:p=0.016; L:p=0.619; L: p=0.015; L:p=0.357;
M:W=154, | M:W=134, | M\:W=172, | M:W=415, | M: W=101, M: W=0, M: W=25, M: W=6.5 | M:W=2,
p=1 p=0.5282) p=0.5489 p=0.0291 p=0.4452 p=2.10e-05) | p=3.64e-05 p =0.0052) p=10.0017
Tar2 L: p=10.403; L: p=10.346; L: p=10.940; L: p=10.249; L:p=0.017; L: p=0.530; L: p=10.084; L: p=0.270; L: p=10.090;
M:W=173, | M:W=152, | M:W=182, | M:W=67, M: W=110, | M:W=0, M:W=175, | M:W=135, | M:W=135,
p=0.0790 p=0.3403 p=0.0339 p=0.8828 p=0.0213) p=4.57¢-05 p=0.0022 p=0.0511 p=10.05013
Omal L: p=10.009; L: p=10.004; L: p=10.025; L: p=10.024; L: p=10.039; L: p=10.000; L: p=10.006; L: p=10.000; L:p=0.032;
M: W=20.5, | M:W=1L5, | (M: W=26, M: W=0, M:W=35 | M:W=0, M: W=0, M: W=0, M: W=0,
p =0.0006) p=0.0001) p=0.0015) p=0.0001) p=0.0003) p=0.0001) p=0.0001) p=0.0011) p=20.0011)
SAAIL L:p=0.039; | L:p=0.028; | L:p=0.087; | L:p=0.072; | L:p=0.060; | L:p=0.000; | L:p=0.021; L:p=0.002; | L:p=0.046;
M:W=95 | M:W=45 | M:W=12, M: W =0, M: W=0.5, M: W=0, M: W=0, M: W=0, M: W=0,
p =0.0080) p=0.0026) p=0.0130 p=0.0023 p=0.0027 p=0.0024) p=0.0023) p =0.0095) p=0.0092)
SAA2 L:p=0205; | L:p=0901; | L:p=0467; | L:p=0227; | L:p=0.077; | L:p=0.786; | L:p=0.149; | L:p=0.878; | L:p=0.222;
M:W=186, | M:W=165 | M:W=201, | M:W=535 | M:W=107, | M:W=125, | M: W=23, M:W=145, | M:W=13,
p=0.586 p=0.2642 p=0.8728 p=0.0155 p=0.7623 p =5.48¢e-05 p =0.0003 p =0.0096 p=0.0073
SAA3 L:p=0.155; | L:p=0.862; | L:p=0482; | L:p=0.144; | L:p=0.024; | L:p=0.756; | L:p=0.066; | L:p=0.808, | L:p=0.113;
M:W=140, | M:W=121, | M:W=143, | M:W=61, (M: W =284, M: W =45, M:W=175, | M:W=15, M: W=11,
p=0.1799 p=0.6102 p=0.1463 p=0.9735 p=0.117) p =0.0003 p =0.0054 p=10.1243 p =0.0496
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B2.1 Results from the statistical analyses (continued)

B2.1.3 Adults (continued)

SAB1 SAB2 SAB3 Chul Chu2 Chu3 Chu4 Chu$5 Chub6
SABI1 - L:p=0.101; L: p=0.554; L:p=0.673; L:p=0.121; L:p=0.153; L:p=10.375; L:p=0.103; L: p=0.295;
M: W =141, M: W=181, | M:W=46.5, | M: W=106, M: W =0, M: W=6.5, M: W=7.5, M: W=6,
p=0.5145 p=0.5654 p=0.0371 p=0.4675 p = 1.69¢-05 p = 6.56e-05 p =0.0056 p =0.0040
SAB2 - L: p=0.346; L:p=0.114; L:p=0.022; | L:p=0.634; | L:p=0.057; | L:p=0.924; | L:p=0.109;
M: W =198, M: W=655 | M:W=113, | M: W=7.5, M: W=255, | M: W=18, M: W =14,
p=0.2652 p=0.2472 p=0.2874) p =8.18e-05 p=0.0021 p=0.0476 p=0.0224
SAB3 - L:p=0438; | L:p=0.124; | L:p=0.631; | L:p=0.273; | L:p=0.432; | L:p=0.296;
M: W=395 | M: W=93, M: W=35, M: W =12, M: W =10, M: W =6,
p=0.0157 p=0.903 p =4.74e-05 p =10.0002 p=0.0096 p=0.0038
Chul - L:p=0.272; L: p=0.067; L:p=0.677; L: p=10.066; L: p=0.468;
M: W =88, M: W=0, M: W=09.5, M: W=§, M: W=75,
p=0.0041 p=0.0002 p=0.0023 p =0.0409 p=0.0348
Chu2 - L:p=0.000; | L:p=0342; | L:p=0.001; | L:p=0.874;
M: W=0, M: W=0, M:W=1.5 | M:W=0,
p=0.0002) p=0.0002 p =0.0044) p=0.0024
Chu3 - L:p=0.004; | L:p=0.375; | L:p=0.004,
(M: W =98, M: W=435 | M: W=50,
p=0.0003) p=0.0254 p =0.0025)
Chu4 - L:p=0.008;, | L:p=0.533;
M: W=21.5, | M: W=345,
p=0.7093) p=0.2594
Chu5 - L:p=0.016;
M: W =15,
p=0.6733)




B2.1 Results from the statistical analyses (continued)

B2.1.4 Abundance

Bal2 Carl Car2 Tarl Tar2 Omal SAAL SAA2 SAA3
Ball L:p=0.388; | L: p=0.000; L:p=0.001; L: p=0.462; L: p=0.047; L: p=0.974; L:p=0.024; | L: p=0.041; L:p=0.37;
M: W =81, M: W=55 | M:W=0, M: W=735, | M:W=39.5, | M: W=123, M: W=70, | (M: W=67, M: W =455,
p=0.1253 p=6.32e-06) | p=0.0002) p=10.0248 p =0.0027) p=0.0215 p=0.0127) p =0.0009) p=10.0197
Bal2 - L: p=0.001; L: p=0.002; L: p=0.976; L: p=0.247; L: p=10.550; L:p=0.016; | L: p=0.093; L:p=0.116;
M: W=17, (M: W=0, M: W =108, M: W =63, M: W =133, M: W=74, | M: W=099.5, M: W =63.5,
p=7.83e-05) | p=0.0002) p=0.4701 p =0.0687 p=10.0014 p =0.0015) p =0.0299 p=0.2016
Carl - L: p=0.006; L: p=10.000; L: p=0.002; L: p=0.005; L:p=0.027; | L: p=0.001; L: p=10.008;
M: W=705, | M:W=240, | M:W=176, | M: W=144, | M: W=75, | (M: W =265, M: W =144,
p =0.8241) p=2.45e-05) | p=0.0022) p =0.0001) p=0.0012) p =0.0062) p = 0.0095)
Car2 - L:p=0.001; | L:p=0.006; | L:p=0.010; | L:p=0.040; | L: p=0.017; L: p=0.025;
M: W=119, | M: W=98, M: W =170, M: W=35 | M: W=158, (M: W =283,
p =0.0002) p =0.0003) p =0.0006) p =0.0049) p =0.0002) p =0.0006)
Tarl - L:p=0.329; | L:p=0.586; | L:p=0.070; | L: p=10.085; L: p=0.135;
M: W =84, M: W =147, M: W =815, | M: W=123, M: W =76,
p=0.169 p=0.0018 p =0.0023 p =0.0467 p=0.2572
Tar2 - L:p=0.167; | L:p=0.007; | L: p=0.261; L:p=0.412;
M: W =128, M: W= M: W = 144, M: W = 83,
p =0.0007 69.5, p=0.5934 p=0.9794
p =0.0015)
Omal - L:p=0.208; | L: p=0.109; L:p=0.121;
M: W =305, | M: W=20.5, M: W=1715,
p = 0.4602 p =0.0002 p =0.0047
SAAI1 - L: p=0.085; L: p=0.046;
M: W=1, M: W=35,
p =0.0007 p =0.0053)
SAA2 - L: p=0.653;
M: W =153,
p=0.6254
SAA3 -
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B2.1 Results from the statistical analyses (continued)

B2.1.4 Abundance (continued)

SABI SAB2 SAB3 Chul Chu2 Chu3 Chu4 Chu$5 Chu6
Ball L: p=0.005; L: p=0.001; L: p=0.003; L: p=0.005; L: p=0.062; L: p=0.448; L: p=0.090; L:p=0.109; L: p=0.325;
M: W =096, M: W =69, M: W=2895, | M: W=0, M: W=0, M: W=0, M: W=0, M: W=2, M: W=0,
p=10.0993) p = 0.0098) p =0.0609) p=2.67¢-05) | p=2.63e-05 p =2.65e-05 p =2.65e-05 p=10.0019 p=10.0010
Bal2 L:p=0.031; | L:p=0.005; | L:p=0.016; | L:p=0.049; | L:p=0278; | L:p=0.970; | L:p=0300; | L:p=0.294; | L:p=0.165;
M: W=123, | (M: W=288, M: W=113, | M: W=0, M:W=0, M: W=0, M: W=0, M: W=175, M: W=2,
p=10.6763) p =0.0915) p=0.4241) p =3.45e-05) | p=3.42e-05 p =3.43e-05 p = 3.43e-05 p =0.0096 p =0.0021
Carl L:p=0.001; | L:p=0.003; L:p=0.002; | L:p=0.012; L:p=0.009; | L:p=0.006; | L:p=0.009; L:p=0.067; | L:p=0.034;
M: W=235 | M: W=204, | M: W=225, | (M: W=61, M: W =60, M: W=70.5, | (M: W=060, M: W =52, (M: W =45,
p =0.0003) p=0.0132) p=10.0012) p = 0.4535) p=0.4198) p=10.8241) p =0.6367) p=0.2196 p =0.5401)
Car2 L: p=10.007; L:p=0.017; L: p=0.009; L: p=0.027; L:p=0.019; L:p=0.012; L: p=0.022; L:p=0.114; L: p=0.053;
M:W=126, | M:W=124, | M: W=125, | (M: W=062, M: W=61.5, | (M: W=064, (M: W =63, M: W=345, | M: W=35,
p =0.0002) p =0.0002) p =0.0002) p =0.0096) p=10.0109) p=10.0053) p =0.0072) p =0.0073) p =0.0056
Tarl L: p=0.040; L: p=0.006; L: p=0.021; L:p=0.102; L: p=0.376; L: p=0.955; L: p=0.370; L:p=0.378; L: p=0.292;
M:W=158, | M:W=108, | M:W=143, | M: W=0, M:W=0, M: W=0.5, M:W=1, M: W =10, M: W=7,
p =0.8945) p=0.1364) p=0.74) p =2.13e-05 p =2.10e-05 p =2.36e-05 p = 2.64e-05 p=0.0117 p =0.0059
Tar2 L:p=0.217; L: p=0.048; L:p=0.129; L:p=0.397; L: p=0.985; L: p=0.288; L: p=0.910; L: p=10.758; L: p=0.054;
M: W =155, M: W=114, | M: W =142, M: W=0, M: W=0, M: W=0, M: W=0.5, M: W=18.5, | M: W=125,
p=0.2865 p =0.6477) p=10.5551 p = 4.66e-05 p =4.59¢-05 p =4.62¢-05 p =5.22¢-05 p=0.1368 p=0.0397
Omal L:p=0.036; | L:p=0.011; L: p=0.023; | L: p=0.060; L:p=0.208; | L:p=0.616; | L:p=0.235; L:p=0.283; | L:p=0.591;
M: W=29, M: W =22, M: W=32, M: W=0, M: W=0, M: W=0, M: W=0, M: W=25, M: W=2,
p =0.0032) p =0.0010) p =0.0050) p =0.0001 p=0.0001 p =0.0001 p =0.0001 p=0.0052 p =0.0042
SAA1 L: p=0.009; L: p=0.005; L: p=0.007; L: p=0.002; L: p=0.009; L:p=0.017; L: p=0.031; L: p=10.061; L: p=0.089;
M: W=7, M:W=45 | M:W=9, M: W=0, M: W=0, M: W=0, M: W=0, M: W=0, M: W=0,
p =0.0047) p =0.0027) p =0.0072) p =0.0025) p =0.0024) p =0.0024) p =0.0024) p =0.0097 p =0.0092
SAA2 L:p=0.677; L: p=0.808; L: p=0.847; L: p=0.558; L: p=0.343; L:p=0.163; L:p=0.377; L: p=0.597; L:p=0.158;
M: W =261, M: W =204, M: W =244, M: W =16, M: W =16, M: W =20, M: W =18, M: W =40, M: W=325,
p=0.1592 p =0.937 p=0.3432 p =0.0001 p =0.0001 p =0.0002 p =0.0002 p=0.3067 p=0.0516
SAA3 L:p=0.871; | L:p=0384; |L:p=0.678; | L:p=0.843; | L:p=0483; | L:p=0.179; | L:p=0.551; | L:p=0.767, | L:p=0.117;
M: W =127, M: W =95, M: W=117, M: W=5, M: W=3, M: W=6.5, M: W=6, M: W =19, M: W=11,
p =0.445 p =0.5959 p=0.734 p =0.0003 p =0.0002 p = 0.0005 p =0.0004 p=0.2663 p =0.0498




B2.1 Results from the statistical analyses (continued)

B2.1.4 Abundance (continued)

SABI1 SAB2 SAB3 Chul Chu2 Chu3 Chu4 Chu5 Chu6
SAB1 - L:p=10.370; L: p=0.750; L: p=0.660; L:p=0.288; L:p=0.063; | L:p=0.357, L:p=0.614; L:p=0.036;
M:W=123, | M:W=154, | M:W=3, M: W=2, M: W=45, M: W =4, M: W =19, M: W=17,
p=0.2219 p=0.7994 p=3.31e-05 p =2.65¢-05 p=4.51e-05 p = 4.04¢-05 p=0.0569 p=0.0399)
SAB2 - L: p=0.556; L:p=0.236; L: p=0.088; L:p=0.017, L:p=0.118; L: p=10.320; L:p=0.019;
M:W=193, | M:W=115 | M:W=175, M: W=13.5, | M: W=12, M: W =35, (M: W =30,
p=0.3414 p =0.0002 p =8.23e-05 p =0.0003) p =0.0002 p=0.478 p=0.2781)
SAB3 - L:p=0473; | L:p=0.190; | L:p=0.039; | L:p=0.245 | L:p=0491; | L:p=0.027;
M: W=5, M: W=45, M: W=8§, M: W=17.5, M: W=245 | M: W=19,
p=4.97¢-05 p =4.38¢-05 p=9.04e-05) | p=38.20e-05 p=0.135 p=0.0564)
Chul - L: p=0.447, L: p=10.070; L:p=0.572; L:p=0.813; L:p=0.014;
M: W =47, M: W =64, M: W=555, | M:W=46.5, | M: W=50,
p = 0.8495 p=0.3062 p =0.7046 p=0.0101 p = 0.0026)
Chu2 - L:p=0.311; L: p=0.931; L: p=0.790; L: p=0.063;
M: W=T71, M: W=625, | M:W=475, | M: W=50,
p=0.119 p=0.3613 p=0.0068 p=0.0026
Chu3 - L: p=0.350; L: p=10.342; L:p=0.175;
M: W =43, M: W =46, M: W =50,
p=0.6213 p=0.0117 p=0.0026
Chu4 - L:p=0.863; | L:p=0.122;
M: W = 46, M: W =495,
p=0.0119 p=0.0032
Chu5 - L:p=0.165;
M: W =10,
p=0.6714
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B2.2 Results from the statistical analysis of the pairwise tested (t-tests) experimental set up
data (counted number of successfully germinated seeds) from the experiment on germina-
tion success (U — untrested, P — pre-treated as described in the Materials & Methods-section;

0,5, and 10 cm correspond to burial depth)

U-5cm U-10cm P-0Ocm P-5cm P-10cm
U-0cm p <0.001, p <0.001, p=0.067, p <0.001, p <0.001,
=-9.823, =-11.339, t=1.952, =-11.015, =-10.791,
df=15.067 df=13.755 df=17.589 df=12.926 df=14.311
U-5cm - p=0.135, p <0.001, p=0.425, p=0.324,
t=-1.567, t=13.349, t=-0.818, t=-1.014,
df=17.596 df=16.430 df=16.891 df=17.869
U-10cm - p <0.001, p=0.382, p=0.591,
t=15.274, t=0.896, t=0.548,
df=15.080 df=17.789 df=17.920
P-0Ocm - p <0.001, p <0.001,
t=-15.057, t=-14.561,
df=14.125 df=15.680
P-5cm - p=0.777,
t=-0.287,
df=17.469
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