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ABSTRACT OF THE DISSERTATION
DEMOGRAPHIC EFFECTS OF THATCH HARVEST AND IMPLICATIONS FOR
SUSTAINABLE USE OF IRAPAI PALM (LEPIDOCARYUM TENUE, MART.),
BY RIVERINE COMMUNITIES IN THE PERUVIAN AMAZON
by
L. Alice Warren
Florida International University, 2008
Miami, Florida
Professor Bradley C. Bennett, Major Professor

Lepidocaryum tenue Mart. (Arecaceae) is a small, understory palm of terra firme
forests of the western and central Amazon basin. Known as irapai, it is used for roof
thatch by Amazonian peoples who collect its leaves from the wild and generate income
from its fronds and articles fabricated from them. Increasing demand has caused local
concern that populations are declining. Cultivation attempts have been unsuccessful.
The purpose of this study was to investigate market conditions and quantify population
dynamics and demographic responses of harvested and unharvested irapai growing near
Iquitos, Peru.

Ethnobotanical research included participant surveys to determine movement of
thatch tiles, called crisnejas, through Moronacocha Port. | also conducted a seed
germination trial, and for four years studied five populations growing in communities
with similar topography and soils but different land tenure and management strategies.
Stage, survival, leaf production, and reproductive transitions were used to calculate ramet

demographic rates and develop population projection matrices.
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Weavers made an average of 20 - 30 crisnejas per day (90 — 130 leaves each), and
earned US$0.09 to 0.70 each (US$1.80 to 21.00 per day). Average crisnejas per month
sold per vendor was 2,955 with a profit range of US$0.05 to 0.32 per crisneja.
Wholesalers worked with capital outlay from US$100 to 400, and an estimated ten to
twenty vendors could be found at a given time. Consumers paid between US$0.23 to
1.20 per crisneja. Although differences in demographic rates by location existed, most
were not significant enough to attribute to management.

After 60 months, mean seed germination rate was 19.5 % in all media (37.9% in
peat). Seedling survival was less than two percent after twelve months. Annual palm
mortality was three percent, and occurred disproportionately in small (<50 cm) palms.
Small palms grew more in height. Unharvested palms grew less than harvested palms.
Large palms (>50 cm) produced more leaves, were more likely to reproduce, and
collectors harvested them more frequently. Reproductive potentials (sexual and asexual)
were low. Population growth rates were greater than or not significantly different from
1.0, indicating populations maintained or increased in size. Current levels of irapai
harvest appear sustainable. DNA analysis of stems and recruits is recommended to

understand population composition and stage-specific asexual fecundity.
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CHAPTER 1.
NON-TIMBER FOREST PRODUCTS AND ISSUES OF SUSTAINABILITY
INTRODUCTION
Irapai (Lepidocaryum tenue Mart.) is a small, rhizomatous, understory palm

endemic to terra firme tropical forests of the Amazon (Henderson 1995). Residents of
riverine communities throughout the region use its fronds as roofing thatch. Irapai
reaches a typical height of one to two meters. The palm has long thin petioles, with
palmate fronds that are divided into four nearly equal linear segments. The leaf‘s thick
waxy coating and its local abundance make irapai highly desirable for weaving crisnejas
(thatch tiles), used as roofing materials for houses and boats (Mejia and Kahn 1996).
Increased tourism-related construction has expanded the demand for irapai beyond
traditional subsistence applications. Tourism-generated revenue in Peru grew from US
$1,358,000 in 1994 to US $2,453,000 in 2001 (PINEI 2005). Irapai is not cultivated.
Locals, known as riberefios, harvest irapai fronds from wild populations to supplement

income from fishing, farming and harvesting other forest products (Acero Duarte 1979).

Inspired by Peters, et al. (1989), conservationists and resource managers began to
consider the harvest of non-wood products such as irapai, as alternatives to more
destructive uses of forests. The key to rational use of natural resources is the elusive
concept of sustainability. While promising in theory, defining sustainability is difficult in
part because it encompasses biological, cultural and economic components (e.g., Myers

1995, Godoy and Bawa 1993, and Repetto 1987).

Defining Sustainability: Callicott and Mumford (1997:38) defined sustainable

management as an “overall appropriate management strategy that benefits both ecological



and human economic environments,” although resource use levels to meet criteria for
each may vary widely. While conceptually useful, the lack of defined spatial and
temporal scales renders this definition untestable. Resource managers in the U.S. forestry
and fisheries fields have focused on maximum sustainable yield of a single or a few
resources (O’Hara 1998, Tivy and O’Hare 1982). However, these approaches do not
address ecosystem sustainability. Moreover, the persistence of populations of a species
in space and time is not the only relevant factor to the sustainability of a biological
resource, nor is it a guarantee that the harvest of a species is sustainable. Indeed,
demographic sustainability of a species may be dependent upon the maintenance of an
entire ecosystem. The harvest of one species may affect another species that also utilizes

the harvested product (e.g., agoutis and palm fruit).

In forest communities sustainability is connected to resource productivity, harvest
levels, yield maintenance, and population demographics and stability (Conway 1985). To
be sustainable, the target population must survive human utilization. Economic
sustainability of a resource activity is another aspect of the equation. To be economically
sustainable, an individual must be able to recoup more than the cost of efforts expended

to harvest, create, and transport a product to market.

In his discussion of international commerce, Paul Hawken (1993:5) describes the
ideal promise of business as one that increases “the general well-being of humankind
through service, a creative invention, and ethical philosophy”. Taking this ideal to a
species market level, the inference is that harvest of a biological product should consider
long-term implications. Overharvest of a resource could reduce its population size to a

point where collection is not economically feasible or demographically sustainable.



Economic sustainability then, includes economic or market productivity, harvesting
levels, and resource population demographics. Specific relevant economic factors
include distance to markets, transportation costs, product perishability, and value of the

product which often fluctuates.

Culturally sustainable economic activities can be defined as those that are
consistent with an ethnic group’s way of life. For example, they are connected to
resource availability, population stability, and demographics; temporal and spatial
relations, including product preparation requirements and distances to markets; and
economic valuations (Bennett 2002). The very nature of commerce forces a conflict with
a traditional economy. Market forces demand that a new structure develop within a

culture to accommodate the additional economic factors of supply and demand.

Callicott and Mumford (1997:38) proposed the concept of ecological
sustainability as “the maintenance, in the same place at the same time, of two interactive
systems: the culturally selected human economic activities and ecosystem health.”
Sustainability is an important characteristic to maintain a resource. Overharvest can
cause local extirpation or global extinction. These concepts and the need for
conservation often are interwoven in ethnobotanical research. They manifest themselves
as goals of research including the investigation of ways “to strengthen the protection of
natural areas and contribute to the well-being of local communities” (Martin 1995:3).
The harvest of irapai should meet the above criteria for the economic, ecological, and

cultural definitions of sustainability to be considered a sustainable product.

Non-Timber Forest Products: Extractive reserves have emerged from the

sustainable harvest concept, although strictly speaking the two are separate entities, only

3



crossing into common ground at this juncture. In my study, several communities
harvested irapai palms that grew in an extractive reserve. According to Browder (1992),
an extractive reserve is a social space where locals are able to collect non-timber forest
products (NTFPs) for income (NTFP 2005). The Brazilian government defines extractive
reserves as “forest areas inhabited by extractive populations granted long-term usufruct
rights to forest resources which they collectively manage,” thus protecting the economic
opportunities for select groups (Schwartzman 1989:151). The Brazilian definition fails to
consider impacts on biodiversity and, therefore, does not meet all of the criteria herein
considered to define sustainability. While extractive reserves may function sufficiently
for other social purposes, the complex nature of the term sustainability means extractive
reserves often fall short of realizing such goals. In an ideal world along with any other
features, extractive reserves also would be places of sustainable harvest of biological
materials. This is not necessarily the case, however, and from this, much controversy has
developed regarding the topic. Extractive reserves, as such, do not necessarily have to be
harvested sustainably because they are defined so many ways.

Ethnobotanical and economic botany studies have helped identify more than 30
Amazonian rainforest products, including rubber, Brazil nuts, chocolate, manioc, quinine
and curare (e.g., Bennett 1992, Clay 1989) that have international commercial value.
These studies have also been responsible for identifying and encouraging the
development of sustainable harvest and processing methods including the concepts of
extractive reserves and agroforestry. Some level of resource utilization is sustainable
because indigenous people have been doing so for thousands of years. Numerous

researchers have advocated extractive reserves as a way to achieve sustainable



development in the tropics and a potential alternative to deforestation (Bennett 1991 and
2002, Fearnside 1989, Gradwohl and Greenberg 1988, Myers 1995, Repetto 1987,
Salafsky et al. 1993, Schwartzman 1989). In 1988 Brazil’s government began
considering extractive reserves as a legal form of land tenure (O’Hara 1998). Fearnside
(1989:215) stated, “extractive reserves produce salable goods on a sustainable basis,
using known harvesting techniques” proven over many generations. Gradwohl and
Greenberg (1988:150) considered extractive reserves to be an “immediately economically
competitive” forest use system that is “sustainable in the long run.” Detailed studies that
support these statements, however, are lacking and detailed economic analyses have a
variety of methodological difficulties (Bennett 2002, Godoy and Bawa 1993, Kremen et
al. 1994, Browder 1992). Population levels and movements of indigenous groups into
new areas may have contributed to a sustainable use of a resource. Controversy today
relates to whether sustainable use is possible at current population levels and cultural

disintegration.

In their benchmark study, Peters et al. (1989) investigated the net revenue
obtainable from NTFPs within a one-hectare tract of rainforest in the Peruvian Amazon.
The premise behind the study was that until that time, financial appraisals of forest
resources usually reported net revenue of forest tracts to be small, thus, encouraging
logging and other types of forest conversion. The authors pointed to the lack of detailed
accounting in these appraisals. They collected production and market data on the
commercial tree species of a one-hectare forest plot located 30 kilometers southwest of
Iquitos, Peru, on the Rio Nanay near the village of Mishana. Non-timber forest products

included edible fruits and latex (representing 90% of the $6,820 net present value), and



the authors considered the periodic selective harvest of marketable timber. Their survey
did not, however, include medicinal plants, lianas or commercially important understory
plants. Peters et al. (1989) demonstrated that tropical forests have a much higher
potential economic value than previously assumed, and that timber financial benefits are
low in comparison to NTFPs. The authors showed that the net present value of NTFPs
could be greater than that of cattle ranching or timber production. While this study
spurred much attention and generated high expectations, its findings in many cases were
unrealistic.

Peters et al. (1989) acknowledged several limitations including the lack of
replication and that their data came from a plot selected for its high diversity, not
necessarily representative of the overall forest. Further, they noted that actual market
benefits could be higher or lower than projected depending on closeness of market,
temporal variations in market prices, intensity of collecting, and production levels (Peters
et al. 1989). While results vary tremendously, this analysis could be accomplished by
using a discounting model to determine the net present value (NPV) or the “full value of
all future income in today’s dollars” (Grimes et al. 1994:408). Net present value is equal
to V/r, or the net revenue each year (V) divided by a 5% inflation-free discount rate of the
annuities (r) (Peters et al. 1989). This study is extremely important to conservationists
working to protect tropical rainforests because it provides a benchmark of hard economic
support for alternatives to deforestation. Analyses from Ecuador, including medicinal
plants, small palms, and lianas showed similar results (Bennett 1991, Grimes et al. 1994).

Godoy et al. (1993), attempting to compare these results with other valuations,

criticized the Peters et al. (1989) methods for being incompatible with the valuation



techniques of other studies, and also for failing to include economic benefits from faunal
extraction. Browder (1992:176) determined the study’s findings to be unrealistic because
they “only estimate the hypothetical maximum potential value” of a forest near urban
markets and because the authors used “an unrealistically long planning horizon (50 years)
and low discount rate (5%), which exaggerate probable returns.” Other financial analyses
have contra-indicated high financial returns from extractive reserves (e.g., Anderson
1989, Lafluer 1989, and Schwartzman and Allegretti 1987).

There are other limitations to NTFPs as well, including those related to non-target
resource damage from harvest and numerous difficulties with methodologies such as
proper species identification as well as standardizing sample size and realized economic
valuation (Bennett 2002). Browder (1992) discouraged advocating extractive reserves as
a panacea, however, citing differences between theoretical concept and social reality.
Browder suggests that “alternative non-extractive livelihood programs for individuals”
are needed for biodiversity conservation to succeed, although he believes extractive
reserves could be part of a larger solution (1992:180).

NTFPs function as income supplements that help many people rise above poverty
level. These markets exist and persist, and they have become established as part of
economic strategies of rural peoples. While there are valid criticisms of the Peters et al.
(1989) study, its real significance is its attempt to change public policy by focusing the
spotlight on the issue of alternatives to deforestation. Deforestation and conventional
land use activities including farming, logging and subsequent grazing usually destroy
forest (Browder 1992, Fearnside 1987), and local residents or communities earn minimal

income. Finding commercially viable NTFPs such as nuts and fruits used in some flavors



of Ben & Jerry’s Ice Cream, is an appealing potential opportunity that could encourage
alternative uses of forests, but here the market is mostly international versus locally
consumed market products. Alternatives, such as extracting locally utilized NTFPs,

however, provide and distribute more economic benefits locally.

Forest conservation efforts will be more successful when they become profitable,
but this is only one leg of the table and extractive reserves are not the only way to protect
forest resources. The Peters et al. (1989) study offered theoretical quantitative proof that
the maximum value obtainable from an intact forest was more financially beneficial in
theory than its removal or degradation. The authors had to choose arbitrary harvest
amounts as those considered sustainable, however (e.g., 75% take of a resource). As new
ways to show resource benefits and more realistic data continues to be collected that
documents the ecological services provided by natural systems (watershed protection,
climate moderation, etc.), these studies too will influence conservation biology further
justifying conservation and appropriate use of tropical forests. More realistically
however, they may play an integral part within the mosaic of alternative forest uses, and
provide at least some stopgap biodiversity protection measures as ethnobotanists and
others continue to search for additional methods of sustainable development in Amazonia

(Salafsky et al. 1993).

Study of Irapai: Although its use is well known, little is known about the biology
of irapai or of the extent of its commercial thatch market. The potential for overharvest
of this important subsistence product makes irapai an important topic of study. For this
study, | considered three aspects of sustainability with respect to irapai: demographic,

economic, and cultural. In any successful case, there should be no decrease in population



growth or net productivity. There may be negative ecosystem effects, such as an
increased number of trails created or amount of light reaching the forest floor, but I have
excluded these. Harvest may decrease the resource standing stock, but not its rate of
population growth. Until this relatively recent increase in demand, indigenous and
mestizo peoples could gather sufficient quantities of fronds without the need to protect
the palm when clearing fields or planting the palm in gardens and cultivated fields or
chacras. Rural peoples obtain forest resources by planting, protection or collection
(Bennett 1992). Cultivation of irapai does not take place currently as thatch is collected
only from wild palms. Irapai is not considered endangered. It has few known pests, and
in unharvested areas, it can be very abundant. These characteristics could make it a good
candidate to be a complimentary extractive product with low maintenance requirements
within intact forests, although seed germination rates are low and transplantation has not
been successful. With little success growing irapai, the most likely source will continue

to be natural forest areas.

I conducted field research between 1997 and 2000. Chapter two, formatted for
submission to the journal, Economic Botany, describes ethnobotanical research on the
movement of irapai thatch tiles to the Iquitos commercial market located at Moronacoche
Port. | documented the size and specifics of this portion of the market through surveys. |
also discuss the natural history of irapai to help understand population dynamics and
demographic responses. Chapter three describes an irapai seed germination trial and
subsequent seedling growth and survival. It is formatted for submission to Palms,

Journal of the International Palm Society.



In chapter four | focus on the demographics of irapai populations in five
communities near Iquitos, Peru. In addition to demographics, | document size class
transitions as well as survival and reproductive probabilities, both sexual and asexual.
My results provide an overall picture of irapai population growth patterns and
demographic transitions. These findings can be used to further describe irapai’s life
history and potential growth and production scenarios for correlation with actual data.
This chapter is formatted for submission to the journal, Ecology. Chapter five

summarizes findings from the others and makes management recommendations.

Evaluating the economic potential for irapai near Iquitos, Peru, could lead to the
development of a sustainable harvest, a precursor to a sustainable market, that not only
provides an important subsistence resource, but also income and economic potential for
riberefio communities who often are ignored by government agencies, politicians, and
researchers. Economic systems that integrate Amazonian natural resource products and
processes with sustainable harvest and management could lead to the preservation of both
Amazonian ecosystems, their cultures (Bennett 1992), and resources that need protection

whether via extractive reserves or other methods.
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CHAPTER 1.
IRAPAI (LEPIDOCARYUM TENUE) THATCH MARKETS IN IQUITOS, PERU

ABSTRACT

Lepidocaryum tenue Mart. (Arecaceae) is a small, understory palm of terra firme
forests of the western and central Amazon basin. Known as irapai, it is used for roof
thatch by Amazonian peoples who collect its fronds from the wild. Fronds and articles
fabricated from the palm provide some income for local people. Demand from tourism-
related construction and population growth in the Peruvian Amazon has led to increased
harvest of fronds. Construction of indigenous style tourist facilities creates exceptionally
large demand for irapai fronds. Biological, ecological, and economical aspects of
sustainability of increased harvesting are unknown, but there is local concern that
populations are declining.

Maintaining viable wild population levels begins with understanding the biology
of the resource and economic needs of area residents. This study provides ethnobotanical
data on irapai and its regional trade by local riberefios in the Iquitos region of Peru.
Moronacoche market supports a small but thriving trade, and surveys yielded findings on
irapai fronds harvested and sold. Weavers made an average of 20 - 30 thatched tiles or
crisnejas per day (90 — 130 leaves each), and earned an average of US$0.09 to 0.70 each
(US$1.80 to 21.00 per day). Average crisnejas per month sold per vendor was 2,955 with
a profit range of US$0.05 to 0.32 per crisneja. Wholesalers worked with capital outlay
from US$100 to 400, and an estimated ten to twenty individuals could be found engaged

in opportunistic wholesale or retail market activities at a given time. Consumers paid

14



between US$0.23 to 1.20 each for quality crisnejas. Average profit made by a vendor

was from US$0.05 to 0.50 on each crisneja sold.

INTRODUCTION

Arecaceae supplies multiple products for food, beverage, housing, clothing,
medicines and economic revenue (Balick 1984, Cavalcante 1977, Henderson 1995, Kahn
1988, Tomlinson 1990). Palms are conspicuous and generally abundant throughout
Amazonia (Kahn and de Granville 1992, Henderson 1995). Amazonian cultures have
long utilized palms, and their knowledge has led to the development of commercially
valuable products, including oil seeds, vegetable ivory, and palm heart (e.g., Balick 1984,
1986, 1987; Bennett 2002; Bodley and Benson 1979; Boom 1987; Borgtoft et al. 1990;
Cavalcante 1977; Johnson 1987; Kahn 1988; Padoch 1988; Warren 1992). Palms also
produce fruit that is consumed by birds, fish and mammals, all of which supply
indigenous groups with protein.

Many researchers advocate the utilization of palm species as renewable natural
resources (e.g., Besbes et al. 2004, Johnson 1987, Ratsirarson et al. 1996; see Appendix 1
on Amazonian ethnobotany). Irapai, Lepidocaryum tenue Mart., a dioecious, clonal,
understory palm, is endemic to the better drained terra firme or seasonally inundated soils
of rainforest communities within the west and central Amazon River basin (Henderson
1995). It is used for roof thatch by Amazonian peoples who collect its fronds from the
wild. It also is used to make articles for the tourist trade (Kahn and de Granville 1992).
Investigating the sustainability irapai leaf collection requires basic ecological and

botanical knowledge of the palm. Human population growth in the Peruvian Amazon has
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increased the harvest of palm fronds throughout the region (INEI 2005). Detailed
demographic studies, however, including the effects of frond harvest on the regenerative
capabilities of irapai colonies or individual stems are lacking.

Overharvest threatens the livelihoods of many riberefios, or riverside dwelling
individuals, as fronds and articles fabricated from the palm provide subsistence resources
and commercialization income (Kahn and de Granville 1992, Pyhala et al. 2006).
According to Pyhala et al. (2006), 100% of households studied in the National Reserve of
Allpahuayo-Mishana used irapai for subsistence purposes, and for the 31% that collected
and sold irapai, they obtained about 5% of their annual income from this palm. This
paper describes the thatch market for Lepidocaryum tenue in Iquitos, Peru, and how this
product moved through one Iquitos market, Moronacocha.
lquitos — Amazonian Island in the Forest: Site Description and Ethnology

The Iquitos area, with a population of nearly 500,000 people, is situated on the
banks of Amazon River in the northeast region of Peru (INEI 2005). It is the commercial
and government center of the Peruvian Department of Loreto, which encompasses the
majority of the country’s Amazonian lowlands. The climate is humid tropical, classified
as Af in the Koppen Climate Classification System (Critchfield 1983), with an average
annual rainfall of 2900 mm and average temperature of 26°C (Weatherbase 2005).

Most items produced for sale within communities along the Amazon, the Ucayali,
the lower Napo, and Marafidn Rivers make their way by boat to the markets of Iquitos
(Padoch 1988). Due to growing international travel and environmental interest, Iquitos
has become a center for ecotourism. Less frequent guerrilla activity and government

stability have improved Peru’s reputation among travelers. The combination of increased
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population growth and ecotourism has increased construction of traditional style housing
and placed additional demands on palm populations (Jensen 1994, Mejia 1997). In 2005,
the most recently available, government statistics recorded 2,906 residential structures
(10% of the total) with thatch roofs in the Iquitos district (INEI 2005). Thatch roofs
made up a total of 56% of all structures in the department of Loreto. Roof thatch for both
commercial tourism-related construction and community needs is collected from wild
irapai populations located within a few days travel from Iquitos. Riberefios collect
roofing materials for their houses from these same forests.

Moronacocha - Commercial Irapai Thatch Market

Moronacocha market is located along the Nanay River, ten minutes from the
Iquitos Amazonian riverfront, and is the largest market place in Iquitos for construction
materials including irapai crisnejas (Figure 2 — 1). Crisnejas are thatched roofing tiles
approximately two and one half to three meters long, one meter wide, made of irapai
fronds woven onto a rib. More than 97% of the irapai thatch sold commercially in
Iquitos is sold through Moronacocha (Mejia 1997). This market receives deliveries of
materials by both boat and truck, and vendors deliver crisnejas to work sites by boat,
truck, motorcycle, and bicycle. Crisnejas are in demand because they do not radiate heat,
are less expensive and lighter than metal roofing materials.

A significant amount of leaves extracted for commercial trade comes from forests
bordering the Nanay, Napo and Amazon Rivers. Crisnejas arrive by vehicle from the
south of Iquitos via the Iquitos — Nauta Highway, where much irapai is cut for
commercial use (Mejia 1997), and are transported from the southwest via the black water

Nanay River. Some of the most heavily harvested areas are near the village of Mishana
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on the Nanay River and south of Iquitos approximately 20 to 40 kilometers along the
highway between Iquitos and Nauta. Traditionally, communities in this region develop
along waterways, but the highway has opened large areas to new exploitation. Itis
currently the only overland way in and out of Iquitos. Otherwise, the city is accessible to
the world only by air or river transport.

Pilings, poles for roof frameworks, planks for floor and wall construction and
other timber and harvested wooden construction materials from at least 21 tree species
also are sold through this market (Mejia 1997). Besides those of irapai, other types of
thatch roof tiles found at the market included those of yarina (Phytelephas macrocarpa)
and chambira (Astrocaryum chambira). A small quantity of irapai crisnejas arrives in
Iquitos from the Rio Itaya to the southeast. Often these are sold through the Belen
market in Iquitos, but sales here are much lower than those transacted through
Moronacocha (Mejia 1997). Irapai crisnejas also are sold at times in the port of Puerto
Almendras, located one and one-half hours from Iquitos on the Nanay River and the
small port of Santa Clara.

Irapai thatch is collected from areas within several days’ travel time from market.
Although leaves are more resilient than wild-collected fruits, weaving into crisnejas must
be done while leaves are fresh. The maximum distance of irapayales capable of
sustaining commercial harvest from markets in Iquitos depends on transport availability
and the distance between harvest and weaving locations which is often a full day’s travel
time. Weaving techniques vary, but each tile can have 90 to 150 overlapping leaves hand
woven onto a rib, or pafio, usually made from the stem of another palm (e.g., Socratea or

Wettinia spp.). Tiles are dried for one to two weeks on average, although they may be
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transported and sold immediately or stored up to several months. While these tiles are
bulky and area transportation is limited, this economic activity has become important
enough for a regional market to develop.

In Iquitos, customers regularly purchase crisnejas for residential use in lots of 50
to 100. Customers purchase an average of 20 to 30 additional crisnejas beyond what is
required for the job, and keep them for future repairs. Stored off the ground with proper
air circulation, crisnejas can last at least one year. Roof builders typically install crisnejas
in overlapping rows spaced 15 - 20 centimeters apart and secured with tamshi
(Heteropsis spp.) or other lianas (Balick 1986). Properly installed, an irapai roof has an
average lifespan of five to six years, longer than most other local palm materials (Kahn
and Mejia 1991).

Ethnography

Most local people involved with the regional irapai thatch industry consider
themselves riberefios or river dwellers. They are detribalized indigenous peoples
generally living along watercourses of the primarily Spanish-speaking lowland
Amazonian regions (Kahn and Mejia 1991). In addition to swidden agriculture, riberefios
fish and collect numerous forest products that they sell, usually through a market system.
Species Description and Biology

Lepidocaryum species belong to the Lepidocaryeae tribe of the sub-family
Calamoideae, which is characterized by fruits covered with overlapping scales
(Henderson 1995). Aguaje (Mauritia flexuosa, Mart.), another member of the
Lepidocaryeae, subfamily Calamoideae, also is economically important in the region

(Uhl and Dransfield 1987). Lepidocaryum is a monotypic genus with three varieties (L.
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tenue var. tenue, L. tenue var. casiquiarense, and L. tenue var. gracile), distinguished by
leaf and inflorescence characteristics (Henderson 1995). L. tenue var. tenue occurs in the
Peruvian Department of Loreto, and ranges from Colombia to Brazil (Henderson 1995).

Irapai is a thin, erect palm, on average three to 3.5 meters in height as an adult
(Mejia and Kahn 1996). Maximum height, however, can range between 0.8 and six
meters (Henderson 1995). Its leaf is reduplicately palmate with open sheaths, ranging
from 15 to 80 cm long and has conspicuous petioles, 60 - 130 cm in length (Ibid.). A
single stem can have eight to twenty palmate and erect or semi-erect leaves, typically
with four nearly equal segments (Figure 2 — 2) (Mejia and Kahn 1996). Irapai’s
uniformly divided, segmented leaves and long, thin petioles are well suited for weaving
together to create thatch roofing tiles (Henderson 1995), see Appendices 2 - 2 and 2 - 3.
Rarely do irapai fronds exhibit signs of herbivory (Kahn and Mejia 1991). Peaks in
fruiting occur in March or April during the rainy season and September or October in the
dry season, although fruiting palms can be found over much longer periods (Henderson
1995, Mejia 1997).

Each axis produces creeping rhizomes from its base which are 0.5t0 1.0 cm in
diameter extending outward along the soil surface or to five centimeters below it before
producing another axis (Henderson 1995, Kahn and Mejia 1991, Mejia and Kahn 1996).
Irapai sends out ramets up to two meters, which is unusual and distant compared to other
palms such as Euterpe oleracea or Oenocarpus mapora whose clones form distinct
clumps making them much easier to define (De Steven 1989). Clonal shoots have higher
survivorship compared to seedlings, and this may be an additional benefit to clonal

organisms as a kind of post-natal care of offspring (Callaghan 1984). A rhizomatous
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habit may mean irapai is suitable for extractivism or other types of riberefio agroforestry
programs (Borgtoft Pederson and Balslev 1990, Kahn 1985, Kahn and Mejia 19874,
1987b).
Abundance and Distribution of Irapayales

Irapai grows in dense stands called irapayales. Although it will grow in some
seasonally inundated areas, the palm prefers the better-drained soils of terra firme forests
that make up 88% of Peruvian Amazon lowland forests (Salo et al. 1986, R&sénen et al.
1993). Lepidocaryum tenue is more abundant on topographic rises (Kahn 1985, Kahn
and Mejia 1987a, 1987b, Mejia and Kahn 1996, Vormisto et al. 2004). It is absent on the
most fertile soils (Vormisto 2002).
Stem Densities and Leaf Production within Irapayales

Stem density has a direct impact on thatch supply. Mejia and Kahn (1996)
extrapolated irapai stem densities in terra firme and riparian forests from surveys done in
two plots of 0.2 hectares each near the village of Jenaro Herrera on the lower Ucayali
River, about 200 km southwest of Iquitos. Estimated number of harvestable fronds per
hectare ranged from around 4,000 to 40,000 although it is important to remember this
palm does not grow in monocultures.

METHODS

Lepidocaryum Specimens and Herbaria

To conduct demographic studies described in chapter four, | established twenty-
three 25m? plots in irapayales in five irapai harvesting locations outside of lquitos. Sites
were selected based on information from knowledgeable biologists and ecotourism

entrepreneurs (Jenson 1994, Mejia 1997) (Table 2 — 1 and Figure 2 — 3). | obtained
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government permits and authorizations for each site. | collected voucher specimens at
each of the five study sites where | established monitoring plots. These were deposited at
the UNAP herbarium (Warren and Bradley 001101 through 001107 AMAZ) with
duplicates at FTG, NYBG, and Instituto de Investigaciones de Amazonia Peruana (I1AP;
see Appendix 4).
Frond and Stem Abundance within Irapayales

Between 1997 and 2000, irapai stems were assessed and monitored within
multiple plots situated in irapayales at each location. Among other variables, harvest of
stems was monitored, and at all sites palms were marked discretely so that palms within
plots would be considered equally for frond harvest by collectors. During discussions
with locals at each site, all were encouraged to utilize irapai palms in and around
monitoring plots as they would normally.
Thatch Market Components, Participation and Interviews

Market components include production (frond harvesters and weavers),
transportation (middlemen, wholesalers and resellers), and consumption. Ethnobotanical
data were collected by interviewing five Moronacoche market vendors connected with
the commercial thatch market in Iquitos as well as observing of market activities. Four
additional individuals in the ecotourism field who had placed orders for crisnejas for new
or to re-roof existing lodges within the previous twelve months, were interviewed.
Additional informal interviews were done in the field with collectors, weavers and
transporters in each of the five communities where demographic study plots in irapayales

were established.

22



Market participants were selected by observing and approaching individuals with
crisnejas who arrived by boat or land at the Moronacocha market. The lead individual
transporting crisnejas was asked if he was willing to participate, and only willing
individuals were interviewed. Participants helped identify other crisneja vendors. This
initial sample of market composition was done to determine current prices and wages for
irapai thatch products in the Iquitos area, as well as to document market size (Padoch
1988). Each interview was conducted in Spanish, lasted approximately 30 minutes, and
for each one | used a written questionnaire adapted to the product and location specifics
of irapai and lquitos (Appendix 2 —5). | also tape-recorded each interview and had
native Spanish-speakers verify participant understanding of questions and their responses.
Marketed Product: Irapai Crisnejas

From market participant interviews, | collected data on the amounts of leaves
harvested from reported areas, and the efforts involved in preparing crisnejas. Often
crewmembers of vehicles bringing crisnejas to Moronacocha had been involved in
making the crisnejas, and provided first hand ethnobotanical data on this part of the irapai
trade. Informants also answered questions about how crisnejas were woven, how many
could be woven in a day, the various types of weave, as well as their preferences and
reasons for using certain weave types. Two also demonstrated crisneja weaving
techniques as did two additional individuals in the field during informal interviews with

participants.
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RESULTS

Frond and Stem Abundance in Irapayales

Stems per hectare ranged from 7,920 to 12,700, based on averages extrapolated
from 25 m? demography plots (0.0025 ha) in chapter four, with a mean of four
harvestable fronds per plant (31,680 to 50,800 leaves per ha) (Table 2 — 2). All plots
except three of those in the Mishana Community Reserve were situated on terra firme
soils. Each location had different land tenure and community use restrictions that may
affect stem densities, distribution in forests, and frond availability. Findings from this
study indicated a required irapayale range between 0.013 ha/ m?and 0.021 ha / m? for a
thatched roof. Stem harvest increased from five percent in 1997 to nearly 40% in 2000
(see Figure 2 — 4). These increases occurred despite the fact that two of the five sites
were designated as protected areas and that government permits legally must be pulled to
harvest. To date enforcement of the latter has been minimal.
Moronacocha Market - Irapai Thatch Trade Structure

Market data revealed monthly crisneja sales of 1,500 to 3,000 per vendor.
Consumers and marketers of irapai crisnejas each varied between an estimated 100 and
500 individuals. Usually crisnejas were sold in lots of one hundred. It was possible to
purchase smaller numbers of crisnejas for repairs and small roofing jobs, but lots of one
hundred were the most typical sale size. They were marketed in the port of their arrival if
they had not been pre-ordered by contract. After initial sale, crisnejas commonly were
transported to a secondary location where they were resold to other retail or wholesale
vendors. They also were resold at the initial location, and lots either remained intact or

were sub-divided.
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Irapai Crisnejas

Irapai crisnejas are woven onto pafos which, according to informants, are derived
from species of Wettinia (ponilla) or Socratea (casha pona). In Mishana, villagers
primarily used ribs made from species of Bactris (chontilla palm). Table 2 - 3 defines the
common types of woven patterns made by local weavers. The fronds form tightly fitting,
attractive patterns including the most frequently found cadena (chain), camino de
curuinza (ant’s trail), pecho de lagarto (alligator breast) and pata de grillo, (cricket or
grasshopper legs) (see Figures 2 — 5). The most commonly used attachment loop weave
for an irapai petiole to a pafio, referred to as ‘normal’, is three times around. Twice
around, known by the name ‘yare’, is not as common. Other less common weave
patterns reported by crisneja vendors are the pata de vaca (cow’s foot), costilla de perdiz
(deer’s rib) and mojarrita (small, flat fish considered locally to be indicative of weave
done by indigenous people). Crisnejas are secured on top of one another with tamshi
(Heteropsis spp.) or other species of liana (Balick 1986). Crisneja width and placement
determine overall roof thatch thickness. Typical installation of 15 — 20 cm spacing
provides a one-third reveal, and in this case, a roof thatched with irapai crisnejas can be
up to five layers thick.

Weavers made an average of 20 - 30 crisnejas per day, depending on weaver skill,
availability of materials, and final product quality. At a value of US$0.09 to $0.70 each,
this means a weaver can earn an average of US$1.80 to $21.00 for one day’s work.

There is a noticeable difference in thatch thickness between crisnejas woven for sale at
Moronacocha and those obtained by contracted order. There are no specific grades for

quality or thickness, but contract orders are of better quality. Weave of the commercial
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crisnejas is thinner, and typically they do not last as long. Once leaves are woven into
place on the crisneja, the excess petioles sometimes are cut off and utilized as popsicle
sticks as in Nuevo Triumfo, Tamshiyacu — Tahuayo Communal Reserve. While available
in lengths from 2.5 to three meters, consumers generally prefer the longer crisnejas,
considering these superior to other local thatch products. It is not uncommon that
demand for crisnejas goes unmet on a given market day, although usually this is
temporary and results from a lag in transportation. Arrangements for a special order to
meet specific needs usually can be made without difficulty, either by transferring
crisnejas from a storage location or fresh preparation.
Components of Crisneja Trade and Ecotourism

The web of individuals involved in the crisneja trade included leaf harvesters in
irapayales outside of Iquitos, consumers and retailers in lIquitos markets and often a host
of intermediaries (Figure 2 — 6). Contracts are an important part of leaf harvest and
crisneja marketing. The web of connections linking irapayales to Iquitos crisnejas
involved more than two dozen wholesalers located in Iquitos who maintain ties with
exterior communities where irapayales are found. Contracts to supply a buyer with a
specified number of crisnejas can be made with or without an advance of money to the
extractor, depending on the business or reputation of the buyer and seller. Often the
seller is a wholesaler or representative of a community or household who arranges the
contracts with buyers and then contracts with extractors and weavers who live near
irapayales to produce crisnejas. Depending on the size of the contract and the sizes of
irapayales available to harvest, there may be more than one intermediary contractor or

subcontractors involved and many subcontracted extractors and weavers. Contractors
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coordinated with the buyer, and at times the buyer’s other contractors, to make sure
crisnejas were produced on schedule, that their products were not being sold to others,
and to arrange transportation for their delivery to the buyer. Delivery and transportation
costs normally were included in the negotiated price for crisnejas. Table 2 — 4 shows
documented retail and contract crisneja costs. Contractors told a buyer the crisnejas they
had for sale came from a particular location, but unless familiar with a particular
weaver’s style for identification, buyers often had no way to confirm the origin of
harvested thatch. Available documented origins of crisnejas contracted or sold retail
through the existing market structure included areas northeast, south and southwest of
Iquitos (Table 2 - 5).

Crisnejas made without a contracted buyer were available for purchase by
wholesalers or retailers at Moronacocha or other docksides. Upon arrival by boat or
vehicle, crisnejas were transferred to a seller’s stall or storage location. The difficulty of
river transfer depended on the level of the river and, based on this, the arrival location of
the delivery boat. River levels fluctuate an average of eight to ten meters annually
between wet and dry seasons. This means dramatic changes in the set up, arrangement
and configuration of and access to ports, accordingly. Offloading can require a
secondary, smaller vessel if the delivery boat is not able to dock close enough to the port.
Although this did not happen all the time, the cost of delivery increased by a few soles
when a secondary vessel or other arrangements were necessary. Some crisnejas brought
to market without a contract were displayed in stacks dockside to indicate the seller had

them available for sale. Some retailers purchased stacks of crisnejas and relocated them
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for resale to other retailers or in smaller quantities. Each of these sales represented
another part of the trade and marketing web.
Market Vendor Interviews

All five vendors interviewed at Moronacocha market were male and between the
ages of 43 and 60, and two had worked in the irapai market for more than five years.
Three vendors hailed from the nearby village of Moronacocha, one from Apelan, and one
from Saboya village on the Pintuyacu stream off the Nanay River. Three vendors had
permanent stalls at Moronacocha market, one had a temporary stall here, and one vendor
was ambulatory without any market stall (Table 2 — 6). Crisneja origins, numbers per
month and cost data for Moronacocha market transactions, found in Table 2 — 5, depict
from 1,000 to 6,000 crisnejas per vendor per month at an average purchase price of
US$0.27. Average number of crisnejas per month sold by vendors was 2,955 with a
profit range of US$0.05 to $0.32 per crisneja. All five vendors sold crisnejas through
additional markets or via contracted orders. Four of the five vendors also sold crisnejas
in the village of Moronacocha. One vendor sold crisnejas through a business warehouse
space. Two vendors sold crisnejas at Moronacocha market every 15 days, two sold at
this location every 20 days and one vendor sold here every 60 days. Four of the five
vendors either purchased crisnejas from nearby village producers or had crisnejas made
for them. Only one vendor also was involved with crisneja making directly.

One consumer purchased crisnejas for his family’s home in Iquitos from
Moronacocha in July 1997. One hundred crisnejas cost between S/60-70 (Nuevo Soles,
n.s., or US$30 — 35). Each crisneja was US$0.30 — 0.35. In lquitos, | interviewed three

businessmen with ecotourism interests outside of Iquitos. One was in the process of
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constructing a new ecotourism lodge on Yanamono Island northeast of Iquitos, and paid
US$423 (S/1,500 n.s.) for 1,000 crisnejas (US$0.42 each) to roof the new lodge. This
price included transportation from Iquitos or other weaving sites. Crisneja deliveries and
transport by boat and truck to Moronacocha are common along the Amazon River, and
can be observed even during holiday seasons.

Vendors that were interviewed purchased crisnejas from weavers or communities
at a price ranging between US$0.09 to $0.50 each for 2.5 m units and US$0.11 to $0.70
for three meter crisnejas (Table 2 — 7). Many times bundles of harvested leaves were
more readily available for purchase from communities near irapayales rather than woven
crisnejas (Suarez 2002), although all participants interviewed in this study purchased only
irapai tiles. Vendors interviewed at the Moronacocha market sold retail crisnejas at
prices of US$0.23 to $1.20 each for three meter size tiles, and US$0.14 to $0.80 each for
2.5 m tiles. Vendor cost variables were related to transportation prices or distance from
harvest or weaving location. The longer the distance, the higher the transportation costs,
and these were passed on to the consumer. Another variable affecting cost was crisneja
quality. Better quality crisnejas were those consisting of 100 or more leaves each. These
are expected to last six to seven years when properly installed, and provide better
coverage for a structure, costing slightly more than crisnejas woven with only 80 to 99
leaves. The average number of crisnejas per trip brought to Moronacocha market by a
vendor was between 250 and 500. With an estimated twelve vendors at a given time, the

average number of crisnejas passing through this market per month was 3,000 to 6,000.
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DISCUSSION

Ecology and Economic Links — Influences of Ecotourism

The market for irapai typically represents about five percent of an individual’s or
family’s annual income. The trade links urban centers of Iquitos with rural forest
communities where irapayales are harvested, and the commercial web includes the roles
of harvesters, weavers, shippers, cargo handlers, wholesalers and retailers as important
parts of the network. Production costs included harvest extraction and processing, which
involved labor and time to locate, harvest, gather, carry, weave, load, and transport to
market. Irapai frond harvest and sales fall under the purview of the Peruvian Ministry of
Agriculture’s Department of Forestry and Fauna, and officially harvesters are required to
obtain a license and pre-pay fees, as is the case with other economically important forest
products such as aguaje fruits (Paddoch 1988). Commercial regulations are not routinely
enforced, however, and permits are not required to harvest irapai for personal use. Many
people harvest irapai illegally. If demographic study plots in chapter four could be
considered representative of areas around lquitos where irapai is harvested, populations
may tolerate up to a 70% increase of current harvest levels. Enforcement of regulations,
however, could eliminate the independent participation of small rural extractors of
commercial irapai thatch from the market. Bureaucratic complexities often strengthen
control of a trade by large, urban-based sellers who obtain exploitation licenses for large
areas (e.g., aguaje fruit market).

From irapayale to end consumer can be a short marketing chain of individuals, or
crisnejas can pass through many individuals involved in commercialization, including

harvesters, weavers, transporters, shippers, boatmen, cargo carriers, contractors,
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wholesalers, retailers, installers, and workers. With the exception of the consumer, each
of these individuals, many of them rural, made part of his or her income from L. tenue.
While the majority of market participants were male, rural women participated in the
trade. As a source of employment for the population of Iquitos, irapai crisnejas provided
a small but steady amount. Most wholesalers of irapai crisnejas worked with capital that
ranged between US$100 to $400. At a given time, an estimated ten to twenty individuals
fitting this description could be found engaged in opportunistic wholesale or retail market
activities. Consumers paid between US$0.23 to $1.20 each for quality crisnejas. The
average profit made by a vendor was from US$0.05 to $0.50 on each crisneja sold.
Selling between 260 and 2600 2.5 m crisnejas, or 65 to 650 three meter units each week
dependent upon amount of profit, a vendor could earn around US$130 in a month, more
than the Peruvian statutory monthly minimum wage of US$128 (S/450 n.s.) (US State
Department 2002). Some estimates place nearly half the Peruvian work force at or below
minimum wage, because so many work in the informal sector, which is difficult to
regulate (US Department of Labor 2005). While the potential for profit is good, there
also was associated risk that went with the outlay of initial funds. A minimum of
approximately US$50 capital outlay was needed for a participant to function in the trade.
This risk was less than many other markets, however, where products have a much
shorter shelf life such as forest fruit, agricultural products, fish or meat.
Commercial Importance

While income from crisnejas was important to rural communities, larger vendors
were headquartered in Iquitos, and they received most large contracts and greater profits.

The size of a contract dictated how many irapai fronds must be harvested and the timing
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of such harvests. Iquitos is the center of a consumer market for non-timber forest
products (NTFPs). Irapai is a substantial component of the Iquitos urban marketplace
because of its regional availability, recognition as a quality roofing material, and market
accessibility to urban and rural participants (including women) combined with a
relatively low start-up capital requirement to participate. The irapai-thatched roof is a
standard element of a rustic Peruvian Amazonian community, and besides serving as
quality roofing material, adds an aesthetically pleasing component to a structure or river
vehicle. This has increased harvest and associated transportation costs and the price of
all subsequent sales of crisnejas. While biological studies are conducted to understand
the ecological needs of L. tenue, careful monitoring and use of non-predatory harvest
techniques need to be implemented by all if the market is to continue its present form or
expand as many participants would like. If irapai palms were to be depleted and this
valuable thatch material became scarce, the impacts on participants and the crisneja
market economy would be dramatic, forcing those involved to find other forest products
to market or look for other business opportunities entirely.

The economic benefits of commercial harvesting to riberefio collectors is an
attractive supplement for individuals, families and communities. Results of comparisons
between house thatching studies (Lopez Parodi 1988, Kahn and Mejia 1987a and b, and
VVormisto 2002) and related estimated hectares per square meter of roof indicate that
more fronds are available in a smaller area on upland soils, meaning less time is
expended by harvesters (Table 2 — 8). Based on findings from demographic plots, levels
of thatch harvest were increasing to meet demand for thatch tiles. Methods to propagate

irapai should be investigated and developed so that this useful palm and potential revenue
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generator may be incorporated into community resource management plans. Non-timber
forest products may be one possible alternative to help human communities and conserve
area biodiversity. Increased harvest of irapai is expected to continue with the region’s
growing population and increasing ecotourism. Economic systems that integrate
Amazonian natural resource products and processes with sustainable harvest and
management, could lead the way to the preservation of both Amazonian ecosystems and

their cultures (Bennett 1992).
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Table 2 - 1. Demographic Study Plots in Irapayales.

Sites:

Location:

1. Reserva de los Mai Huna
(Mai Huna Reserve)

2. ExplorNapo Camp Biological Reserve

3. Mishana Community Reserve
4. Tamshiyacu-Tahuayo Communal Reserve
5. Allpahuayo Biological Research Reserve

(Instituto de Investigaciones de Amazonia
Peruana — 11AP)

Sucusari Creek off Napo River,
northeast of Iquitos

Sucusari Creek off Napo River,
northeast of Iquitos

Nanay River, southwest of Iquitos
Tahuayo River southeast of Iquitos

Km 26, lquitos — Nauta Highway
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Table 2 - 2. Irapai Fronds and Stem Densities Available for Harvest in Irapayales.

Irapai Stem Densities and Average Number of Fronds Available for Harvest in
Irapayales

Average no. of fronds
No. of stems  available for harvest /

found / hectare within
Forest hectare within irapayales
Location: type: Soils: irapayales: (average 4 / stem):

Mai Huna Reserve terra firme  upland 9,800 39,200
Explorama Preserve  terra firme  upland 7,920 31,680
Mishana lowland  wetland 8,160 32,640
Community Reserve soils

Tamshiyacu-Tahuayo terra firme loamy* 11,080 44,320
Community Reserve

Allpahuayo terra firme  upland 12,700 50,800

Biological Station
(Km 26, lquitos —
Nauta Highway)

*Suarez 2002, who also had study parcels at this location, determined that portions of this

site were loamy soils (typic hapludalf, irapai series).
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Table 2 - 3. Common Patterns Woven from Irapai Petioles on Crisnejas.

Common Weave Patterns of Irapai Crisnejas

Spanish name: English equivalent:

Cadena Chain

Camino de Curuinza Ant’s Trail

Costilla de Vaca / Perdiz Cow’s / Perdiz’s (Quail-like bird) Rib

Pata de Grillo Crickets’ or Grasshoppers’ legs

Pata de Perdiz / Vaca Perdiz’s (Quail-like bird) / Cow’s foot
Pecho de Lagarto Alligator Breast

Mojarrita Little Mojarra (generic term for a small, flat

fish); considered locally to be indicative of
weave done by indigenous people; not a

true weave, but a method of attachment.
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Table 2 - 4. Crisneja Retail and Contract Costs.

Crisneja Retail and Contract Costs.

Cost
(Peruvian Cost per
No. of Nuevo crisneja
Date: Transaction type: crisnejas: Soles): Cost (US$)™: (US$):
July 1997 Consumer 1: 100 60-70 30.00-35.00 0.30-0.35
Personal purchase for
family home at
Moronacoche
December  Consumer 3: 1000 600 - 700 300.00-350.00 0.30-0.35
1997 Riverside delivery for
community structure
June 1998  Consumer 2: 1000 1500 423.00 0.42
Ecotourism business (includes (includes
purchase for lodge transport transport
construction costs) costs)
(‘Yanamono Island)
Average Purchase Price $251 — $269 $0.34 -0.37
from Weaver:
December  Vendor 1: 1000 700 -800 350.00 —400.00 0.35-0.40
1997 Colectivo transport
boat from Mishana
January Vendor 2: 500 300 150.00 0.30
1998 Fully loaded truck on
Iquitos — Nauta
Highway
January Vendors 3 - 12: 100 - 200 70-200 35.00-100.00 0.35-0.50
1998 Crisnejas stacked each each each each
roadside at
Moronacocha
Average Sale Price from Vendor: $178 — 217 $0.33-10.40

!LatinFocus. 2004. Historic Exchange Rates Peru 1997 — 2004: Banco Central de Reserva del Perd.
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Table 2 — 5. Amounts and Origins of Crisnejas.

Sample Amounts and Origins of Crisnejas.

Crisneja
Total Leaves Origin
Consumer or Vendor No. of (80 to 100 leaves (direction
Date: and Transaction type:  crisnejas: per crisneja): from Iquitos):
July Consumer 1: 100 8,000 - 10,000 Unknown*
1997 Personal purchase for
family home at
Moronacoche
June Consumer 2: 1000 80,000 — 100,000  Napo River
1998 Ecotourism business (Northeast)
purchase for lodge
construction
(Yanamono lIsland)
December Consumer 3: 1000 80,000 - 100,000 Amazon
1997 Riverside delivery for River
community structure (Northeast)
Average Number of Leaves Used: 29,333 - 70,000
December Vendor 1: 1000 80,000 — 100,000  Southwest
1997 Colectivo transport
boat from Mishana
January Vendor 2: 500 40,000 - 50,000  Nauta or
1998 Fully loaded truck on Mishana
Iquitos — Nauta (South)
Highway
January Vendors 3 - 12: 100-200 8,000 -200,000  Unknown*
1998 Crisnejas stacked each
roadside at
Moronacocha

Average Number of Leaves Used:

42,666 — 116,667

* Crisnejas available or purchased at Moronacocha market; vendor could not identify
origin of crisnejas with certainty.
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Table 2 - 6. Moronacocha Market VVendors.

Moronacocha Market VVendors Interviewed:

How often sell at  Type of stall at ~ Other locations

Vendor: Moronacocha: Moronacocha: also vend: Type of collector: Also weave crisnejas:
1 Twice a month Ambulatory ~ Moronacoche Middleman No
2 Every 20 days Permanent Warehouse Direct market reseller No
3 Every 60 days Permanent Moronacoche Direct market reseller No
4 Every 20 days Permanent Moronacoche Direct market reseller No
5 Every 15 days Temporary Moronacoche Frond collector and weaver Yes
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Table 2 - 7. Crisneja Preparation and Sales Price Data from Vendors at Moronacocha market.

Price vendor paid per

Price vendor received for

No. of crisneja (US$*): each crisneja (US$*): Vendor Profit:
crisnejas
Origin of per Range Range Range Range Range Range for
Vendor: Date thatch: Month:  for 2.5m for 3m for 2.5m for 3m for 2.5m 3m
1 6-00 Santa Maria, 2,000 0.09 030 0.14 050 0.14 0.50 0.23 0.80 0.05-0.20 0.09-0.30
Nanay River
2 6-00 Apetan, 4500 009 030 011 040 0.20 0.70 0.31 110 0.11-0.40 0.20-0.70
Punta Yasin
3 6-00 Saboya 1,000 0.11 040 0.17 0.60 0.23 0.80 034 120 0.12-0.40 0.40-0.60
4 6-00 Anguilla, 1,275 0.09 030 014 050 0.20 0.70 0.25 090 0.11-0.40 0.11-0.40
Nanay River
5 6-00 Pinayunga, 6,000 0.14 050 020 0.70 0.21 0.75 0.28 1.00 0.07-0.25 0.08-0.30
Pintuyacu
River
off Nanay
River
Totals (Range 2,955 0.09-050 0.11-0.70 0.14-080 0.23-1.20 0.05-0.40 0.08-0.70
and Average): 0.20 0.35 0.44 0.64 0.21 0.32

*2000 exchange rate US$1 = n$3.55 source: Banco Central de Reserva del Perti 2005. (n$1 = US$0.28)
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Table 2 - 8. Estimated Harvestable Irapai Stems and Hectares Needed for Roofing.

Average no. of

stems required  Estimated Average
Average to harvest no. of estimated
no. of enough leaves  hectares hectares per
fronds for crisnejas required square meter
Location/forest harvested needed for one  to harvest Roof of roof
type and soils:  per stem: roof: per roof: size: required:
Jenarro Herrera; 4 9,750 2.5 54m?  0.046 ha/m?
ferralitic soils®
Jenarro Herrera: 4 5,200 2.0 35m*  0.057 ha/m?
ferralitic soils®
Santa Ana: 4 5,200 3.5 35m*  0.100 ha/m?
loamy soils?
Puerto 1zango: 4 5,200 5.0 35m*  0.143ha/m?
fluvial soils®
Mai Huna 4 9,750 1.0 54m*  0.017 ha/m?®
Reserve 5,200 0.5 35 m?
81,250 8.3 500 m?
Explorama 4 9,750 1.2 54m®  0.021 ha/m?
Preserve 5,200 0.7 35 m?
81,250 10.3 500 m*
Mishana 4 9,750 1.2 54m”*  0.02ha/m?
Community 5,200 0.6 35 m?
Reserve 81,250 10.0 500 m?
Tamshiyacu- 4 9,750 0.9 54m?  0.015 ha/m?
Tahuayo 5,200 0.5 35 m?
Community 81,250 7.3 500 m?
Reserve
Allpahuayo 4 9,750 0.8 54m®  0.013ha/m?
Biological 5,200 0.4 35 m?
Station 81,250 6.4 500 m*

'Kahn and Mejia 1987a and b.

2\/ormisto 2002.
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Figure 2 — 1. City of Iquitos, Surrounding Waterways, and Location of
Moronacocha market. lquitos is located within the Peruvian

Department of Loreto.
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Figure 2 — 2. Four-segmented Leaf of Irapai.
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Figure 2 — 3. Irapai Monitoring Plot Locations, Centers of Population, Roads,

of Loreto.
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Figure 2 — 4. Number of Stems in Monitoring Plots that were Harvested by Year.

Number of Stems Harvested in Monitoring Plots

By Year
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47




Figure 2 — 5. Crisneja Weave Patterns: |
(@) Ants’ Trail; (b) Chain; (c) Alligator

Breast; (d) Grasshoppers’ Legs;
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Figure 2 — 6. Irapai Commercial Thatch Market Components.

Frond harvesters:

(energy inputs: time and energy to harvest
leaves, bundle and tie leaves into groups of >
100, carry from wild population locations to

a weaving location).

Weavers:

(energy inputs: time and energy to
manually weave individual leaves
onto a rib, creating a crisneja while
green then properly air drying).

—

Middlemen: transporters and wholesale / retail sellers

(energy inputs: cash purchases of crisneja stock on regular or
irregular basis; fuel and/or transportation costs to get stock from
production location to marketplace, and storage for stock not

immediately sold).

Non-governmental
organization and other
contract agency orders:
(energy inputs - time and
energy for procurement
coordination, payment for
materials, fuel or
transportation costs to get
materials from marketplace
or production location to
installation location,
coordination with other
maintenance / construction
activities).

Irapai Commercial
Thatch Market:
Consumer Port
Interface
(Moronacocha,
Belen, Almendras or
Santa Clara).

Direct end-user:
consumer purchases
(energy inputs - cash
for materials, fuel or
costs to transport
crisnejas to installation
location, possibly
storage if not
immediately installed,
and installation costs,
time and energy).

Special order purchases
by businesses:

(energy inputs - time and
energy for purchase
coordination, cash or
services / in-kind trade for
materials, fuel or
transportation costs to get
materials from marketplace
or production location to
installation location,
coordination with other
maintenance / construction
activities and tourism use of
facility(ies).
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CHAPTER III.
IRAPAI (LEPIDOCARYUM TENUE) SEED GERMINATION,
SEEDLING GROWTH AND SURVIVAL

ABSTRACT

Lepidocaryum tenue Mart. (Arecaceae), irapai, is a small, understory palm found
in terra firme rainforests of western and central Amazonia. Riberefios and others collect
irapai fronds for use as roofing thatch or for commercial markets in Iquitos, Peru.
Tourism and population growth in the Peruvian Amazon have increased demand for
fronds, especially for construction of indigenous style tourist facilities. For 60 months,
from 2000 to 2005, I conducted a trial to evaluate seed germination, survival, seedling
growth, and leaf production on 77 irapai seeds in three different planting media: quartz
sand, sphagnum peat and perlite. The two former were representative of soils in
irapayales, and the latter functioned as a control. L. tenue seeds had a mean germination
rate of 19.5 % in all planting media after 60 months, and seedlings had a less than two
percent survival rate after twelve months. Seeds planted in sphagnum peat had the
highest germination success of 37.9%, while seeds in perlite medium had 16.7%

germination success. No seeds planted in quartz sand germinated.

INTRODUCTION

Irapai is a dioecious palm found growing in the understory of better-drained terra
firme or seasonally inundated soils of rainforest communities within the west and central

Amazon River basin. Population growth (INEI 2004a, 1993, Morey and Sotil 2000) and
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tourism (INEI 2004b, 2001) in the Peruvian Amazon have increased the demand for palm
fronds throughout the region. Palms throughout the Amazon are used for subsistence and
export products, including vegetable ivory, and palm heart (e.g., Balick 1984, 1986,
1987; Bennett 2002; Bodley and Benson 1979; Boom 1987; Borgtoft et al. 1990; Kahn
1988; Padoch 1988; Warren 1992). Palms also produce fruit consumed by mammals,
birds, and fish which provide protein.

Irapai reproduces vegetatively and by seed, and in some sites, it is the most
abundant understory species (Henderson 1995). Like other palms, it gains height through
the production of leaves from a terminal meristem. Although a relatively constant rate of
leaf production and continuous growth rate have been ascribed to palms, experimental
evidence shows that many palms exhibit variable growth rates with rapid spurts of height
and diameter growth early in life that commonly are regulated by interplay between
genetics and environmental conditions (Zona and Maidman 2001). Clonal proliferation
via numerous ramets may allow a genet to harvest patchily distributed resources which
may confer a competitive advantage (Janzen 1977). This reproductive strategy also
spreads the risk of genet mortality over numerous ramets (Cook 1979). Based upon the
higher survivorship of ramets to seedlings, a kind of post-natal care of offspring is a
possible benefit to clonal organisms (Callaghan 1984). Abrahamson and Layne (2002)
found, however, that ramets of clonal species of Quercus in central Florida must accrue
energy reserves to reach size thresholds before allocating resources for sexual
reproduction, suggesting there may be little sharing of resources among clonal ramets,
and integration of stems from the same genotype may be very limited. Irapai reproduces

primarily by vegetative propagation and relies on sexual reproduction to a much smaller
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degree. According to anecdotal information as well as some unpublished findings, L.
tenue seeds have low germination rates (Solano 2000). A review of irapai seed
germination records at Fairchild Tropical Garden in Miami, Florida, in 1997 seemed to
confirm this as none of the seeds that did germinate here lived more than six weeks
before damping off and dying (Hubbuch 1997, pers. comm.). Attempts to propagate by
dividing new shoots from a parent stem, as well as to establish new plants or colonies of
L. tenue close to Mishana, ExplorNapo Camp Biological Reserve, and the Tamshiyacu-
Tahuayo Community Reserve are known to have occurred although all were unsuccessful
(Solano 2000, Bucur 1998). Continued harvest of such a species without methods for
successful restoration or reintroduction could adversely affect irapayales, and, in turn,
cause shortages of a commercial and subsistence thatch resource.

Lepidocaryum is a monotypic genus with three varieties (Henderson 1995). L.
tenue var. tenue occurs in the Peruvian Department of Loreto and ranges from here
through sections of Colombia and into Brazil (Henderson 1995). The only variety
reported in the literature for the lquitos area is L. tenue var. tenue. Its fruitis 1.5to 3 cm
long, ellipsoid or globose, usually 1 to 2 centimeters in diameter, contains a single seed,
and has small, overlapping scales, reddish in color when mature, possibly suggesting
animal dispersal (Henderson 1995, Tomlinson 1990). According to MacBride (1960), the
fruit (mesocarp) can be eaten after being softened in water, much like that of its relative,
Mauritia flexuosa or aguaje (Uhl and Dransfield 1987). Aguaje fruit is consumed
extensively in the region, although I have never seen the fruit of L. tenue eaten (Padoch
1988). Little is known about dispersal of irapai seeds by wildlife. Birds or rodents may

feed on the seeds, as they are capable of chewing through endocarp (Olmos et al. 1999,
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Tomlinson 1990). Peccaries (Tayassu spp.), tapirs (Tapirus spp.) or primates are
potential dispersers (Fragoso 1997). Uhl and Dransfield (1987) suggest that scatter
hoarding by animals may be important for palm seed dispersal. Some of their activities
may facilitate seed dispersal and survival while others exemplify seed predation.

Irapai’s seed has a homogenous endosperm and a lateral embryo, germination has
an adjacent-ligular growth pattern which “may be seen as an adaptation to germination in
moist environments,” possibly derived from a remote germination type where an
elongated cotyledon protects the seed’s growing tip from drying and disturbance,
providing an ecological advantage in more xeric habitats (Pinheiro 2001:520, Henderson
1995, Uhl and Dransfield 1987). Reproduction by seed, although much less prominent in
this species, most likely involves a persistent seed bank. Very little research has been
done on irapai’s sexual reproduction, seed dispersal, seed behavior, or seedling
establishment. When germinating, palms in general, need plenty of moisture and
protection from excessive sunlight which may indicate their most vulnerable points,
especially if the forest canopy is removed as a result of human activities (Uhl and
Dransfield 1987).

This trial studied seed germination and seedling establishment potential, as well
as seedling survival, growth and leaf production. My objectives were to reveal seed
germination rates in different media and seedling survival rates for this long-lived clonal
palm. | tested germination in quartz sand and sphagnum peat planting media,
representing components of better drained terra firme and seasonally inundated soils of

rainforest communities where irapai is native. Quartzite sand pockets are found within
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the more acidic, primarily loamy clay soils that are commonplace where irapai grows in
the lquitos region. | documented subsequent seedling survival and growth.
METHODS

Because of the limited number of seeds available, | conducted a simple long-term
seed germination experiment with soil type as the only treatment. In this trial, | tested 77
seeds in three media (quartz sand, sphagnum peat, and perlite) to document germination
rates and assess the reproductive potential of seeds. The first two medium types were
selected as the most representative of soil components observed in irapayales, and perlite
as a neutral control (Donselman 1982). Counts, seed and seedling observations as well as
moisture, light and temperature conditions were monitored at monthly intervals. Seeds
were collected from palms in the Mishana and Sucusari areas (near the 11AP field station
at Allpahuayo-Mishana Reserve as well as close to the Explorama Reserve).

Study treatment factor was soil type. Following Meerow’s methods (2004), and a
thorough fresh water soaking and cleansing by hand to remove the fruit’s thin mesocarp,
77 L. tenue seeds were set to germinate in one-gallon size air-tight, sealable plastic bags
with approximately 450 grams of one of three planting media: quartz sand, sphagnum
peat or perlite (Donselman 1982, Pinheiro 2001). Initially seeds were divided into three
replicates of each medium; 25 seeds in the control, and 26 seeds in each treatment media.
Seeds then were grouped together by collecting location resulting in five replicates of
sphagnum and three of perlite and sand. Sphagnum peat moss was representative of
more acidic, moisture binding loamy clay, sand of quartzite pockets found in seasonally
inundated soils, and perlite was the control providing a neutral germination source

(Donselman 1982, Moyroud 2000).

62



Seeds were buried just below media surface. Into each bag, a maximum of
approximately 475 ml of carbon-filtered water (to remove any chlorine) was added, and
all bags were sealed. Seed germination, growth, leaf production and survival were
monitored monthly for 60 months. For the initial twelve-month period, bags were placed
next to one another on a level horizontal rack. Ambient light levels during this period
ranged from 100.0 to 500.0 lux, and temperatures ranged from 16° to 36° C, although
days below 29° C were fewer than ten. Nearly all palm seeds require high temperatures
for “rapid and uniform germination”, and between 21° and 38° C is an acceptable range,
although 29° to 35°C yields better results (Meerow 2004). Moisture levels remained near
constant (85%) due to the closed nature of the microenvironments within the bags, while
externally RH ranged from 48% to 96% and averaged 82%.

Approximately every thirty days each bag was opened briefly and each seed
visually inspected for germination activity or algal or fungal growth. If needed, up to 475
ml of water was added. At the end of year one, no seeds had germinated. Beginning
with the thirteenth month, all bags containing seeds were relocated to a darker secondary
location and maintained next to one another horizontally for an additional 48 months.
Ambient light levels at this location were much lower, ranging from 0.01 to 20.0 lux, and
temperature variations smaller, ranging from 21° to 33° C. Number of days where
temperatures below 29° C occurred, were fewer than 12. Moisture levels again remained
near constant (85%). After 48 months, no germination had taken place in any sand
treatment replicates, and all remaining viable seeds (24) were divided equally and
transferred into new replicate treatments of perlite and sphagnum with 475 ml of water.

For months 48 to 60 replicates included 5 perlite and 6 sphagnum peat treatments.
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Upon germinating, each seed was removed from its bag, measured and
photographed, and planted in a one-gallon pot with Premier Pro-Mix ‘BX’ planting
media, a lightweight, peat-based mixture with a porous texture to promote root
development and a proper water to air ratio (Premier Horticulture 2002). The medium is
well drained but has moisture holding capacity, and it has a medium particle size and
balanced nutrient charge (Meerow 2004). Soil pH levels were tested prior to planting.
Levels ranged between 6.0 and 6.8. Seedling height was measured in centimeters from
soil level to point on the stem where the newest leaf separated (Myers 1981). A spear
was considered a new leaf as soon as it began expanding. A six-month establishment
period was considered the average amount of time needed to account for transplant
mortality (Donselmen 1982, Myers 1981, Zona and Maidman 2001). After six months,
seedling mortality was considered to have resulted from a cause other than transplant
damage. Because a palm seedling’s endosperm provides nearly eight weeks of nutrients,
no fertilizer was added to seedling medium until after this time (Meerow 2004).

With the exception of two seeds transplanted immediately following germination,
transplantation of seedlings occurred after the formation of one to three leaves to
minimize seedling trauma. Palms do not tolerate being planted too deeply. Each
seedling was transplanted into fresh medium so that the attached seed remained visible
above soil level, and the seedling’s root system was just below soil surface. Newly
transplanted seedlings in pots were placed in light shade (between 100.0 to 500.0 lux),
and irrigation carefully monitored to avoid water stress. One application of a mild, slow-

release fertilizer, Osmocote, was made to potted seedlings in April 2004.
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RESULTS
Germination was poor in all planting media. Eleven seeds germinated 791 days

after the trial began. Subsequently, an additional three seeds germinated over the
following 36 months (Figures 3—1 and 3 - 2). Six seeds died without germinating over
the course of this trial. Their loss was determined during regular seed checks by easily
cracking each endocarp and discovering inside a putrid liquid endosperm. In July 2005,
61 months after planting, one additional seed planted in perlite germinated. Following
more than 60 months of monitoring, 15 of the 77 seeds had germinated, and a
germination rate of 19.5 percent for untreated seeds determined. Only four seeds planted

in perlite germinated (Figure 3 — 3). No germination occurred in quartz sand.

A cross tabulation, the combination of two or more frequency tables, with a chi-
square test performed on the percent of seeds germinated by planting medium was
significant, y* (2, N = 77) = 13.46, p < 0.001. Three post-hoc tests were conducted using
Holm’s sequential Bonferroni comparisons, overall alpha (o) = 0.05. Mean seedling
survival was 7.8 months for those planted in sphagnum peat and 5.3 months for those that
started in perlite (Table 3 —1). The percentage of seeds that germinated in sphagnum
peat (n = 11, 38%) was significantly higher than the percentage that germinated in sand
(n =0, 0%). The percentage that germinated in perlite (n = 3, 12.5%) was not different

from either sphagnum or sand.

Survival of seedlings germinated in all media was poor. Seedlings survived an
average of seven months. The most frequent seedling survival period was five months,
although a similar number also survived 12 months (Figure 3 — 4). Palms have several

growth phases including pre-germination period, establishment phase, seedling, juvenile
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and adult (Zona and Maidman 2001). Because their survival averaged just over six
months, which was the outer edge of the establishment phase, it was unclear whether they
were sensitive to transplanting or succumbed for other reasons. Most seedlings appeared
to succumb to a combination of parasitic and fungal infections after an average of 7.3
months. The survival rate after 14 months was near zero. There was no significant
difference in the mean number of months lived between sphagnum peat (n =11, M =
7.82, SD = 2.3) and perlite media (n =3, M =5.33, SD =4.9), t (12) = 0.84, p < 0.42.
Length of time alive ranged from 4 to 8 months for perlite and one to 18 months for
sphagnum peat. At the end of the study period, only two seedlings remained alive, one
18 months old (sphagnum) and the other one month old (perlite).

Seedling data was recorded from actual month of germination. Height and leaves,
however, were analyzed monthly from germination month. There were no significant
differences between sphagnum peat and perlite in mean monthly height of plants from the
first month sprouted through month eight, ps > 0.433 (Figure 3 —5). In month nine the
one remaining palm that germinated in perlite died. Descriptive statistics for seedling
heights are shown in Table 3 — 2. Maximum heights ranged from two to nine centimeters
for seeds planted in perlite, and from 0.1 to 12 cm for palms planted in sphagnum peat.
The most frequent amount of monthly growth per seedling was one centimeter. There
were no significant differences between the two media types in mean maximum height of
palms over their lifetimes, t(12) = 0.54, p < 0.60. The greatest monthly growth, or height
increase, of 6 cm occurred in October 2002 in a seedling that germinated in sphagnum

peat.
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There was no significant difference in monthly mean number of leaves on palms
by planting media for months one to eight, ps > 0.12. Mean number of leaves made was
2.3 for those germinated in sphagnum peat and 1.8 for seedlings that started in perlite
(Table 3 - 3). There was no significant difference in the mean total number of leaves
made by planting media, t(12) = 0.45, p < 0.66. On a scale of zero to 1.0, an unopened
palm leaf, or spear, was represented as 0.5, and leaf production recorded in 0.10
increments (Figure 3 — 6). Palms with leaves fewer than 0.5 were germinated seeds that
died back before making a first spear. The largest number of leaves made by any
seedling in a month was 1.9 (Figure 3 — 7). Palms from seeds planted in perlite averaged
1.8 leaves (SD = 1.26) and ranged from 0.5 to 3.0. Palms started in sphagnum peat

medium averaged 2.3 leaves (SD = 1.72) and ranged from 0.2 to 5.0 (Figure 3 — 8).

Since there were no significant differences between media on length of time alive,
or longevity, maximum height and total number of leaves, the groups were combined and
regression analyses were performed on total number of leaves produced by seedlings and
maximum height by number of months alive (Figure 3 —9). There was a significant
correlation between the number of months that a seedling lived and the number of total
leaves it produced r = 0.87, p < 0.001, and for each additional month that a seedling
lived, it produced an average of 0.3 more leaves (SE = 0.05). Maximum height of the
palm, however, was not correlated to the number of months a seedling lived, r =0.39, p <
0.17. As shown in Figure 3 — 10, seedlings appeared to grow quickly during the first six

months following germination, and then declined.
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DISCUSSION

Germination was extremely limited and slow in all tested media. Different
germination rates in planting media types, however, suggest that when this species does
sexually reproduce successfully, seedlings have specific germination and survival
requirements. Irapai palms are found growing in sandy soils of seasonally inundated
areas around Iquitos, but a lack of any germination results in sand suggests these
populations may rely strictly on vegetative reproduction. This study had insufficient time
to observe complete germination and seedling mortality. In October 2005 Hurricane
Wilma’s landfall in Florida caused the loss of the two remaining seedlings. Following
the termination of this controlled 60-month trial, however, and not included in statistical
analyses, an additional five seeds from this group germinated (four planted in perlite and
one in peat moss), four at 72 months following planting (one died immediately), and the
most recent at 83 months since planting. This lengthy, delayed germination response is
extremely unusual for a tropical palm. As of publication date four small seedlings
persisted.

Because of physical characteristics, irapai seeds have some protection from
predation. The possibility of a long-term seed bank in the wet tropics where seeds remain
viable for at least five years, however, is very surprising. Long seed viability usually is
associated with dry or cold environments. L. tenue successfully reproduces vegetatively,
but significantly delayed seed germination is unusual for tropical palms with medium or
large seeds, and is unreported from other members of the Lepidocaryoideae. Professional
growers typically warn of short seed viability for many palms, from Mauritia sp. to

Raphia sp. (Moyroud 2000, pers. comm.). Low germination rate but long viability
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persistence would allow some new seedlings to emerge several years after the death of a
last clone in an area. This characteristic also could permit irapai to colonize a new area
when environmental conditions become more favorable for its survival. In a study of
Raphia seed germination, a palm that may share some physiology with irapai, Myers
(1981) found that these seeds remained viable for extended periods when covered in
lowland swamp mud. While there may be some species similarities, there also are
differences between dormancy in anaerobic and aerobic environments. Palm seed
viability varies, but generally ranges from two to three weeks (Meerow 2004) up to more
than a year in some species, given proper storage methods (Broschat and Donselman
1986). There are some exceptions, however, as in the germination of a Phoenix

dactylifera seed after nearly 2,000 years (Kalman 2005), but these are uncommon.

Manual or chemical scarification of seeds could help with germination times for
potential agroforestry use. Scarification is the thinning of the hard endocarp by manual
abrasion or a short seed soak (10 to 30 minutes) in sulfuric acid (H,SO,4). Additional
seed pretreatments, including soaking in a 10 to 2000 ppm solution of gibberelic acid (or
GA3, C19H»,0¢) for one day may also improve germination (Doughty et al. 1986, Nagao
and Sakai 1979, Nagao et al. 1980, Odetola 1987). The use of pretreatments should be
investigated and potential germination gains weighed against the potential seed loss and
additional cost of labor. Another method that might increase palm seed germination is

the regular fluctuation of temperatures at twelve-hour intervals (Carpenter 1987, 1989).

Additional vegetative propagation attempts are recommended, but following
initial separation from the parent stem via a circular pattern at least 0.3 m in diameter

with a sharp blade, the shoot should be allowed to remain in place until substantial new
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growth is evident. Once this happens, relocation could be attempted by carefully lifting
shoots with as much of its root system and soil as possible into the largest size container
manageable. Shoots should not be placed in the ground until they become well

established, which could be a year, and during this time they should be kept in a shaded

area where watering and drainage can be carefully monitored.

This study suggests that L. tenue may develop a persistent seed bank, although its
germination rate is low and the palm’s preferred regenerative strategy remains vegetative
propagation. It may be possible to release irapai from seed dormancy following a change
(brief or lengthy) in some condition other than relative humidity or temperature, although
there may be a connection to changes in light level(s) over time, which could indicate
relevance to forest canopy coverage at establishment sites. Effects from seed predation
were not determined by this trial, but should be studied. Additional research of the
ecology and biology of irapai is warranted. From fieldwork observations, there did not

appear to be a large supply of irapai seeds on the forest floor even within irapayales.

Dispersal mechanisms are suspected to be a very important factor in determining
irapai’s distribution and restricting new irapayale establishment. Until the fruit or seed
dispersal transport mechanisms are better known, dispersal difficulties may be the largest
factor limiting establishment of new genets in many suitable locations. It is not yet
known definitively how long buried seeds remain viable, nor is it known whether seeds
can withstand desiccation. Factors such as root herbivores, fungal pathogens, and
possibly either the unavailability or absence of a particular soil mycorrhizae or the
seedling’s inability to form mycorrhizal associations could have been responsible for the

decline and ultimate demise of seedlings in this study (Tomlinson 1990, Uhl and
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Dransfield 1987). Continued studies of irapai, a non-timber forest product (NTFP), for
which a thatch market in the lquitos, Peru, region already exists, could help local
managers better understand species growth and production requirements to expand
irapayales. Harvest of irapai is expected to increase along with a growing regional
population and increasing ecotourism. NTFPs such as irapai may be one possible

alternative among larger strategies, that could help conserve area biodiversity.
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Table 3 - 1. Seedling Survival (Number of Months) by Planting Media.

Seedling Survival (Number of Months) by Planting Media

Planting medium: Mean + Standard Deviation N Range Median
Perlite 533+231 3 4.00 - 8.00 4.00
Sphagnum Peat 7.82 +4.88 11 1.00 - 14.00 6.00
Sand 0.00 0 0.00 0.00
Total 7.29 +4.50 14 1.00 - 14.00 5.50
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Table 3 - 2. Seedling Growth (Cm) by Planting Media.

Seedling Growth (Cm) by Planting Media

Planting medium: Mean + Standard Deviation N Range Median
Perlite 6.00 + 3.61 3 2.00-9.00 7.00
Sphagnum Peat 7.33+3.78 11  0.10-12.00 7.00
Sand 0.00 0 0.00 0.00
Total 7.04 + 3.65 14 0.10-12.00 7.00
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Table 3-3. Number of Leaves Made by Seedlings by Planting Media.

Number of Leaves Made by Seedlings by Planting Media

Planting medium: ~ Mean + Std. Deviation N Range Median
Perlite 1.83+1.26 3 .50-3.00 2.00
Sphagnum Peat 2.32+1.72 11 .20-5.00 2.00
Sand 0.00 0 0.00 0.00
Total 2.21 +1.60 14 .20-5.00 2.00

75



FIGURES
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Figure 3 - 1. Seedlings of L. tenue.
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Figure 3 — 2. Seeds and One Seedling in Perlite Medium.
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Figure 3 — 3. Seedlings Planted in Pro-Mix BX Medium.
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Figure 3 — 4. Irapai Seed Germination Results for Combined Planting Media.

Figure 3 - 4. Seed Germination for Combined Planted Media.
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Figure 3—-5. Monthly Means of Seedling Height by Planting Media.

Figure 3 - 5. Monthly Means of Seedling Heights by Planting Media.
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Figure 3 - 6. Germinated Seed of L. tenue.

Shoot

Note: Example of seed that germinated to a maximum height of 0.1 cm then died.
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Figure 3 — 7. Maximum Monthly Seedling Leaf Production — Combined Planting Media.

Figure 3 - 7. Maximum Monthly Seedling Leaf Production
Combined Planting M edia.
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Figure 3 — 8. Average Monthly Seedling Leaf Production — Combined Planting Media.
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Figure 3 - 9. Correlation of Irapai Seedling Survival and Number of Leaves.

Total Number of Leaves Made

4 6 8 10

Number of Months Alive

85

12

14

Planting Media:
o Perlite

O Sphagnum Peat

= Fit Line for Total
R? Linear = 0.87

— Fit Line for Perlite
R? Linear = 0.01

— Fit Line for
Sphagnum Peat
R? Linear = 0.76



Figure 3 - 10. Maximum Height of Seedlings by Survival — Combined Planting Media.
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