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SCIENTIFIC SUMMARY
 

Over the last months we have made the following scientific
 

progress. Henderson extracted information on 56 Bolivian palms,
 

mostly from the Amazon region of Bolivia, from a project he is
 

working on, and sent the information to Moraes. This will form
 

part of the survey on diversity of Bolivian palms that is being
 

carried out, as well as part of the survey on distribution, uses,
 

and conservation status. Moraes prepared a list of 131 names
 

reported for Bolivian palms, and compared it with five published
 

contributions dealing with synonymy and new records (Appendix 1).
 

As a result of this survey, 14 genera and 36 species require
 

further taxonomic treatment (Appendix 2); and 15 genera and 30
 

species need further collecting (Appendix 3).
 

The palm herbarium of La Paz herbarium now has over 250
 

collections. Currently over 50% of these collections have been
 

entered into a database by Oviedo.
 

SCIENTIFIC ISSUES
 

The project is on schedule, and there is no need for
 

consultants or training; nor is there any need to restructure the
 

project.
 

MANAGERIAL ISSUES
 



No managerial issues have arisen over the last six months.
 

The timetable and budget remain unchanged, and both are on
 

schedule.
 

SPECIAL CONCERNS
 

None changed.
 

COLLABORATION, TRAVEL, TRAINING AND PUBLICATIONS
 

In October 1993 Moraes, Sarmiento and Oviedo travelled for 10
 

days to the central and southern region of the Department of Beni
 

for palm collecting. Between October and November 1993 Moraes
 

travelled for two weeks and took part in aerial surveys of palm
 

populations in the eastern and northern regions of Beni in order
 

to collect records on distributions.
 

In November and December 1993 Vargas travelled to the
 

Department of Santa Cruz for two weeks per month for Parajubaea
 

survey and local interviews. Vargas gathered data on current
 

harvesting, conservation status, and uses (Appendix 4).
 

During March and April 1994 Sarmiento travelled to the border
 

between La Paz and Beni for Geonoma survey with the Chimane
 

ethnic group.
 

Moraes took part in two Ph.D. level courses at Aarhus
 

University, J,nmark in January and February 1994. She presented
 

her first Ph.D. exam in the form of a seminar on "Taxonomy and
 

natural history of Bolivian Palms" (Appendix 5).
 



Sarmiento presented his work plan for the Geonoma project at
 

Aarhus University in February 1994 (Appendix 6).
 

REQUEST FOR AID OR BOSTID ACTIONS
 

None requested.
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Introduction
 

Because of its position in the center of South America,
 

Bolivia has a variety of physiographic and climatic
 

factors 'that create diverse biogeographic and ecologic
 

conditions (Beck, 1988; Ribera, -992). Four main
 

phytogeographic units are mixed and integrated in
 

Bolivia: Amazonian, Andean, Cerrado, and Chaco (Beck,et
 

al., 1993; Moraes & Beck, 1992).
 

Two geologic events were particularly important for
 

shaping the 10 geomorpholo'.ic units which are present in
 

Bolivia: 1. Emplacement of the Brazilian shield",(refill
 

of intracratonian plain) and the associated Andean
 
processes (Andean folding and uplifting, refilling of
 

flat areas, subduction of the Nazca plate) whi'ch gave
 

rise to the Amazonian alluvial area and-,the high Andean
 

plain, and 2. The collision of the Andes and the
 

Brazilian shield, which created a change -,in the
 

orientation of the eastern cordillera (Ahlfeld, 1969).
 

One of the most important features, which determines the
 

presence of high biodiversity areas in Bolivia, is the
 

presence of pluvial centers with up to 7000 mm
 

precipitation each year located in the perhumid sub-


Andean sectors (Beck, 1908; Ribera, 1992).
 

The biological' diversig: in Bolivia occurs over wide
 

altitudinal and latitudinal gradients in which different
 

vegetation formations have developed. In Bolivia
 

(1,078,000 km2 ) close to 65% of the area is covered by
 

various forest types. Pasture and shrub ecosystems
 

cover 31%, and the remaining 4',are transitional dry and
 

humid vegetation types (Brockmann, 1978). In a recent 

study it was reported that, at a stale of 1:1,500,000,
 

fourty-four vegetation types occur in Bolivia on a
1'
 
vertical gradient bettween 140 m to 5000 :m (Ribera et
 

al., in press).
 

http:geomorpholo'.ic


Moraes R., M. : Taxonomy and Natural History of Bolivian Palms
 

During the last 15 years - besides the establishment of
 

research centers - several biological studies have been 

carried out in different parts of Bolivia. Most of
 

these efforts were organized in order to compile and
 

build up a scientific reference system of collections
 

and publications that enhances the systematic knowledge
 

of Bolivia's natural resources. Most of the available
 

floristic information related to The vegetation types of
 

Bolivia is still preliminar and several regions remain
 

poorly known botanically (Moraes & Beck, 1992; Beck et
 

al., 1993). It has been P.stimated that Bolivia has 18

20,000 vascular plant species (Solomon, 1989; Moraes &
 

Beck, 1992) or 22% of the total Neotropical flora which
 

is estimated at 90,000 plant species (Raven, 1976).
 

Information about the floristic diversity of Bolivian
 

palms is still incomplete (Balslev & Moraes, 1989).
 

Because of the limited knowledge of their potential
 

benefits there are several palm species which are not
 

used in Bolivia even if they are commercially exploited
 

in neighbouring countries.
 

This research project alms at producing a reference for 

native Bolivian palms. First, it will compile all 

available information relatred to their taxonomy, natural 

history, and distribut ion. Second, it wil.1 gather 

botanical collections aind othe original data through 

fieldwork. It is parr (),.a iar(u project, organized by 

the National Herbariur f bol -.- io and funded by USAID, 

which deals with -1;-s ainable use, diversity, 

conservation status, and economic potential of Bolivian 

palms. A taxonomic treatment of palms that occur in 

Bolivia will also contribute to the Flora of Bolivia, 

which is organized by -he National Herbarium of Bolivia
 

in La Paz.
 

The results w'ill be integrated in a taxonomic treatment
 

carried out in four phases: 1. Search for available
 

published knowledge of the Bolivian palm flora, 2. Spot
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*j 3 

and solve taxonomic problems in taxonomically difficult
 

genera, 3. Work out of keys, descriptions, and synonymy
 

for all Bolivian palm species, and 4. Integrate all
 
components into a comprehensive taxonomic treatment of
 

Bolivian palms.
 

The results will be compiled in a manual, based on the
 

traditional structure of botanical taxonomic treatments
 

and it will be arranged phylogenetically. The treatment
 

will include:
 

- A morphological description of the palm family in
 
Bolivia, including summarized data on distribution,
 

number of genera, and species;
 

- keys to the genera;
 

- morphological descriptions of the genera, keys to the 

species, and a brief description of each species,
 

distribution, ecology, common names, uses;
 

- synonymy;
 

index of exsiccatae, a numeric list of taxa, list of
 

common names and specific names, and a general index.
 

- drawings, photographs, and tables.
 

In this first progress report two parts are included: 1.
 

An introduction and a summary of the background for the 

study and a review of the research done so far on 

Bolivian palms, 2. A summary of research results which 

includes three capttrZ: on distribution, morphology, 

biology, and taxonomy &~ Bolivian palms included with 

this report as appendices. 

Study Subject
 

The palm family, the only member of the order Arecales, 

belongs to the manocaotyledons and is usually 

characterized by a single mieristem (Uhl & Dransfield, 

1987). This feature makes palms especially vulnerable
 

even if they have a tree habit. The palm family is
 

distributed throughout the tropics and includes 200
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genera and approximately 2800 species, of which 81
 

genera (40.5%) and 847 species (47%) are South American
 

(UhI &Dr ansfeidi 987). 

The economical and cultural importance of palms has been
 

recognized all over the world, although mostly in the
 

tropical region (Moore, 1973a; Seibert, 1950; Uhl &
 

Dransfield, 1987). Palms offer raw material for oil,
 

fibers, and food. Ethnic groups have evolved cultural
 

and social relationships using palm forests for
 

subsistence and for magic purposes. Several palm
 

products are used commercially with economic benefits at
 

both the local and regional levels.
 

Palms have been used for physiognomic characterization
 

of several vegetation formations, not only in climax
 

vegetation, but also in ecological successions (Moore,
 

1973a). Bolivian palms occur in monotypic palm forests
 

as well as in mixed vegetation types. In some cases
 

palms are key elements for ecological indicators of soil
 

types and incidence of hydrological dynamics in
 

different vegetation units of Bolivia.
 

Due to human activitie-:. Baolivian palms are endangered.
 

As in other countries, Bolivian ecosystems are being
 

damaged through selective pressure when people search
 

and extract palm products for construction and commerce
 

of palm hearts. Other activities related to road
 

construction, human sertlements, and intensive erosive
 

processes also affect palir populations.
 

Previous Research on Palms
 

Several stddies were carried out by botanists during the
 

past century in order to understand the taxonomy and
 

biology of palms. Many of these studies included taxa
 

which are present in Bolivia.
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Depending on different conc pts of spe'cies, two
 

taxonomic schools have split or lumped species or groups
 

botanists contributed to the knowledge of Neotropical
 

palms splitting several taxa - mainly in the form of 

descriptions of new species and monographs of palms.
 

Among the most important authors who described new palm
 

taxa from the neotropics were Burret (1928, 1929a,
 

1929b, 1929c, 1929d, 1930a, 1930b, 193i, 1932, 1933,
 

1934a, 1934b, 1934c, 1935, 1936a, 1936b, 1937a, 1937b,
 

1938, 1940, 1941), Glassman (1970, 1977a, 1977b, 1977c,
 

1987), and Martius (1823, 1847). Dahlgren and Glassman
 

(1961) revised Cooernicia, Pingitore (1978) worked on
 

Trithrinax, and Wessels Boer (1968) treated Geonoma and
 

allied groups.
 

Preliminar lists and contributions to palm floras were
 

provided for some countries such as Argentina (Ragonese
 

& Covas, 1942), Bolivia (Balslev & Moraes, 1989), Brazil
 

(Barbosa Rodrigues, 1901, 1903; Henderson & Balick,
 

1987; Pinheiro & Balick, 1987; Raulino, 1974), Colombia
 

(Dugand, i.40; Galeano, 1986, 1991, 1992; Galeano &
 
i/ 

Bernal, 1987), Ecuador (Balslev, 1987; Balslev & Barfod,
 

1987), Peru (Gentry, 1906; Kahn, 1990; Kahn et al.,
 

1992; MacBride, 1960; Moussa et al., 1992), Suriname
 

(Wessels Boer, 1965), and Venezuela (Braun, 1968; Braun
 

& Delascio, 1987).
 

Descriptive works on distribution at a regional level
 

were contributed for Neotropical palms by Glassman
 

(1965) and Amazonian palms by wallace (1843). Revised
 

indices for synonymy and typification of Neotropical
 

palms were published by Dahlgren (1936), Glassman
 

(1972), and Moore (1963). General reviews were
 

published with references to Bolivian palms by Meneces
 

(1975) and. to checklists by Foster (1958), by Glassman
 

(1965)', and by Uhl and Dransfield (1987). Some other
 

information was given for Bolivian selected species with
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economic importance by Antezana (1976), by Boom (1986),
 

by C~rdenas (1970), and by Irmay (1947).
 

More recently started a period where most researchers
 

considered an integrated system to classify palms based
 

on phylogenetic characters (Moore, 1972, 1973a, 1973b,
 

1980; Uhl & Dransfield, 1987). This period coincided
 

with increasing efforts for botanical collections of
 

palms; several botanists lumped some palm taxa. A
 

summary of Neotropical palms by Henderson (1990),
 

includes a key to the genera. The Amazonian palms have
 

been treated by Henderson (in press) who made several
 

systematic rearrangements and added keys for genera and
 

species.
 

Information on the taxonomy and distribution of palms in
 

different parts of the Neotropics were published as
 

monographs by several botanists (Table 1).
 

Table 1
 

Palm groups Reference
 

Orbianva Anderson & Balick (1988),
 

Balick et al. (1987)
 
MuiilaBalick (1981a)
 

Jessenia, Oenocarous Balick (1981b, 1986)
 

Ammandra Balslev & Henderson (19876);
 

Barfod (1991)
 

Ynesa colend Balslev & Henderson (1987b)
 

Phytelephantoideae Barfod (1991)
 

Ecuadorean Attaleinae Blicher (1989)
 

Aiohanes Borchsenius & Balslev (1990);
 

Borchsenius & Bernal (accepted)
 

Iriarteinae Henderson (1990)
 

Chamaedorea Hodel (1992)
 
Astrocaryum Kahn & Mill~n (1992)
 

Allaaootera Moraes (1989a, Appendix 9)
 

Hvosoathe Skov & Balslev (1989)
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The morphology of rainforest palms was described by
 

Dransfield (1978) and by Hall4 and Oldeman (1970),
 

regional ecology of Guianan palms by Granville (i978),
 

1992), and Amazonian palms by Kahn (1986, 1991), by Kahn
 

and Granville (1992), and by Kahn and Mejia (1990,
 

1991). Comprehensive review were published on palm
 

pollination by Henderson (1986) and dispersion by Zona
 

and Henderson (1989). Results of these reviews indicate
 

that palms are insect pollinated and wind pollination is
 

less common, and that zoochory is a common way of
 

dispersion for palms.
 

Reproductive biology and pollination of certain palms
 

were studied by some authors (Table 2).
 

Table 2
 

Palm groups Reference
 

Bactridinae Listabarth (1992)
 

Acrocomia aculeata Scariot et al. (1991)
 

Astrocarvum mexicanum Burquez et al. (1987)
 

Bactris Essig (1971)
 

Bactris gvisinaes Mora Urpi & Solis (1980) 

BacCris ( -, -a9e4.oaes Bejch 

B. Dorschifricl 

Lepidocaryum r sma nn i Kahn & Mejia (1987) 

Phytelenha$ inicrocarna Barfod et al. (1987) 

Important collection; , f BoI:vian palms were made by
 

d'Orbigny in the per :cd 1830-1833, and Martius (1847)
 

described 32 ne.. : pc-ieS based on these
 

collections.
 

Glassman (1965) reported 48 Bolivian species in 23
 

genera out of a total of 1439 species and 82 genera of
 

American palms. Therefore he considered that the
 

Bolivian palm flora was relatively poor compared to
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other countries with similar size such as Peru,
 

Colombia, and Venezuela After a synoptical work based
 

on Bolivian palm collections, Balslev and Moraes (1989)
 

reported a total of 90 native species in 29 genera; of
 

these 35 species were new records for Bolivia.
 

The National Herbarium of Bolivia in La Paz started in
 

1986 to build up a scientific collection of Bolivian
 

palms and to gather original information in the field,
 

following traditional methods for botanical collections
 

(e.g., Dransfield, 1986; Moraes, 1990b).
 

Results
 

Balslev and Moraes (1989) concluded that it was
 

important to enhance the understanding on the richness
 

of Bolivian palms and to promote botanical fieldwork in
 

poorly known areas. To follow up these recomendations 

many studies were carried out and new records were
 

gathered through fieldwork. 

Distribution
 

Bolivian palms have conspicuous distribution patterns 

related to, topograph:- 'levels, soil types, climatic 

gradients, and vegetat rn types. This plant group is one 

of the most useful f isric elements in physiognomic 

recognition and description of ecosystems in Bolivia 

(Moraes, 1989b; Appendix 6; Moraes, 1993b; Appendix 5). 

Their geographic area includes different kinds of forests
 

and savannahs (Fig. 1). For example Geonoma is mostly
 

found in sub-Andean forests and sandy soils; Mauritia is 

found in monospecific otan~i it, poorly drained areas with 

black water; -'nernic<, i.,..'eli represented in seasonally 

flooded savanndhs; Bacrt io is mainly adapted to humid and 

rich soils of riparian forests; A talea speciosa is 

dominant in mixed forests on Precambric soils (Moraes, 

1989b; Appendix 6).
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ELEVATION 
[ui.a.,.i.J 

Ceroxylon 
3000 Geonoma 

Oiclyocaryum 
Aiphones 

\ Astrecaryum2250 Chomaedor 'aa ~,/ e S Y0 r u ,
P0rajubago Otnocarpu $ 

.rlai te Che yacarput 

'alo Cr xyo Eu l e r p e1500 Preltooo 
 Crxln Bati 
Mouritia 

Socroleo GeonomaA ocaleaS0'Bac rli 	 .' .I"7SO 	 Phytelophas
Scat 


Olnocarput
 

I 0 II 

MOUNTAIN RAINFOREST 	 INTERANOEAN AMAZONIAN FOREST 
SEMIDECIOUOUS 
FOREST 

ILaPaz, SantoCrut, IChuqu;lacg, (LaPai, Pa ndo,Beni. 
tochabamba) Sania Cruz, Santa Cruz) 

Potosi I 

Attaleo 
A lla g o p le r a 

Syagrus 

Acrocomia 

A llala aAcrocomic Trithrinax eam 

Copernicia Copernicla 
o ' 'iesmoncu $ 

Allagoplera 

I 
SAVANNAH WITH ISEtIDECIDUOUS PRECAMBRAN 

ISLAND FOREST DRY FOREST HILLS 

(Ban;. Santa CruzI ISantaCruz,Torja I Santa Cruz. 
Bon;)
 

VECTATION TYPES 

Fig. 1. Altitudinal distribution of Bolivian palms
 

related to different types of vegetation.
 



Moraes R., M.: Taxonomy and Natural History of Bolivian )Palms
 
* 10
 

Copernicia alba is a Chaco phytogeographical element; its 

distribution coincides with cattle ranches and it is 

fouind -inVopen seaFsonally~ flooded ar~as _f'rom SW Brazil 
central to S Bolivia, towards N Paraguay and NE Argentina 

(Moraes, 1991; Appendix 7). Bactris bidentula, an
 

Amazonian species, is mostly found in gallery or riparian
 

forests (Moraes & Sarmiento, 1992; Appendix 8).
 

The altitudinal range<of distribution of Bolivian palms
 
'ieaches from the lowlands at 150-1000 
m in E Bolivia on
 

Precambrian hills, up to 3200 towards the west on the
 

Andean mountains (Balslev & Moraes, 1989; Moraes, 1989b;
 

Appendix 6; Moraes, 1993b; Appendix 5). In one extreme
 

between 2700 m and 3200 m occur species of Parajiubaea,
 

Geonoma, and Ceroxvlon whereas Mauritia flexuosa,
 

Astrocaryum, and Bactris are mainly found at 150-400 m
 

(Fig. 1).
 

Although most Bolivian palms grow in humid areas, some
 

species are adapted to dry conditions (Moraes, 1989b;
 
Appendix 6). For example, Trithrinax is found in the
 

Chaco forests where rain does not exceed 400 mm per year
 

and Paralubaea torallyi is distributed in dry inter-


Andean valleys.
 

Life Forms
 
K/ 

In terms of architectural models, the Libbranched
 

polycarpic palms (Cor'ne '; model) is the most common 

among Bolivian palms whereas dichotomously branched 

(Schoute's model) is only found in Allaootera. 

Bolivian palms have the following habits (= growth 

forms, life forms) trees, shrubs, acaulescent, and 

climbers (Fig. 2) (Moraes, 1989b; Appendix 6). 

One of the most common palm habits in forests and open
 

areas is the 'woody treelike' palm with solitary to
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Fig. 2. Life forms of Bolivian palms.
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clustered...,thick .than...1i0...


Bolivian tree palms include:40 species in 22 genera.
 

. . stems .more cm. indiameter,...
 

The 'shrubby' palms have slender stems, less than 10 cm
 

in diameter. Chamaedorea, Wendlandiella, Hyosoathe, and
 

several species of Geonoma have the shrub habit. Some
 

shrubby species have creeping stoloniferous growth such
 

as Geonoma and Hvospathe.
 

Climbing palms are represented in Bolivia by the genus
 
Desmoncus which has an extended leaf rachis with
 

reflexed spines to adhere on branches or leaves of
 

surrounding plants. Acaulescent palms have subterranean
 

,'..ems as found in Allaciootera, and some species of
 

Svaarus, Astrocaryum, and Attalea.
 

Among Bolivian palms 54% have tree habit, 33% are
 

shrubs, 6% are acaulescent, and 6% are climbers (Fig.
 

2). The most diverse genus in terms of habit types is
 

Geonoma which includes three categories: trees, shrubs,
 

and acaulescent. Bacrris and Geonoma mainly have shrub
 

habit found at 82% and 76% respectively.
 

The canopy level at 12-25 inis reached by several tree 

palm species such as Dictyocarvum lamarckianum, Svagrus 

sancona, Attalea soeciosa, A. nhalerata, and others. At 

the mid canopy level, which reaches 3-12 m, Astrocarvum 

spp., Ceroxyyon spp., Acrocomia aculeata, Oenocarous 

bataua, Ainhanes aculejta ,are found. Many shrub, 

acaulescent, and climber palms are present in the 

understory from 0.4-3 insuch as Geonoma spp., Hvospathe, 

Allaaootera, Chamaedorea spp., and Desmoncus spp. 

(Moraes, 1989b; Appendix 6).
 

Root, Stem and Leaves
 

Most Bolivian palms have short adventitious roots near
 

the soil surface. Wettinia, Socratea, Dictvocarvum,, and
 

Iriartea, however, have spiny stilt roots which reach
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three m in le.ngth, and subtend a cylindrical stem
 

(Moraes, 1989b; Appendix 6; Moraes, 1990a; Appendix 4).
 

Although several palm species have cylindrical stems,
 

some genera such as Acrocomia, Dictyocarvum, and
 

Iriartea have swollen stems. Individuals of most
 

species of Bactris, Desmoncu$, Attalea, and Astrocarvum
 

have cespitose stems.
 

The stem surface of palms varies from smooth (Svaarus,
 

Euteroe, Socratea, Cero:_lon), with. remaining leafbases
 

(Attalea, Paraijubaea, Trj.,hrinax). to spiny (Acrocomia,
 

Bactris, Astrocaryun) (Moraes, 1990a; Appendix 4). 

The leaves of palms are mainly grouped in a terminal 

crown, but sometimes they are arranged along the stem 

(Geonoma, Chamaedorea, W-endlandiella) (Moraes, 1989b; 

Appendix 6; Moraes, 1990a; Appendix 4). Most Bolivian 

palm species have a pir;.ncite leaf blade which in a few 

cases is fused into a,, entire leaf or fewer leaflets 

(Geonoma, *'u>;, HynsoatLI) . Chopaedore,Copernicia, 

Trithrinax, (hei\otarr.. M i;:ia, and Mauritiella have 

palmate leaves. Some co, Desimoncus, Chamaedorea, 

and Bactris have sigrno,,. ptnnae. Distichous leaves are 

found in Oenocarnus d-:zchus. 

Inflorescence and Fruit
 

Most Bo I i','i n P': !. . eties have interfoliar 

inflorescences; (Morce., i U&: Appendix 4). Eiterpe, 

Prestoea, DicLvocarui, $. r', Qenocarpus, Wttinia, 

Iriartea, and Hvosoathe have intrafoliar inflorescences. 

There are no Bolivian palm species with suprafoliar 

inf lorescence;. Though" br nched inflorescences are most 

common among Bolivian palms, spicate ones are found in 

Allagootera, Geonomi., and Chamaedorea. Hippuriform 

inflorescences occurs only in Oenocar-us. 
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The most common fruit type has a smooth epicarp;
 

prickles are found in Bactris and Astrocarvum. Mauritia
 

and Mauritiella have fruits covered by scales (Moraes,
 

1990a; Appendix 4).
 

Biology
 

Two palms were studied biologically in the Bolivian
 

lowlands; Bactris bidenrtula (Moraes & Sarmiento, 1992;
 

Appendix 3i and Cogernicia alba (Moraes, 1991; Appendix
 

7).
 

Cooernicia alba is a fast growing palm and reaches adult
 

stage (3.5 m tall) in five years. In comparison
 

Caribbean Conernicia species reach 6 m in 18 years even
 

without being reproductive.
 

This palm species has two flowering peaks per year which
 

coincide with rainy periods: August to October, and
 

during March. Fruit dispersIl of Copernicia alba
 

(December to May) is affected by cattle and greater rhea
 

(Rhea americana).
 

The population of Bacr--s bidentula, a monoecious,
 

protandrous and cantaridophylous species, is adapted to
 

dynamic hydrological conditions and its flowering stage
 

coincides within start of the rainy season.
 

Taxonomy
 

A key to Bolivian native palm subfamilies and genera is
 

based on diagnostic features for field and herbarium
 

identification, and gives brief references to the
 

distribution and number of species per genus (Moraes,
 

1990a; Appendix 4). This key reported two new genera
 

for Bolivia, wendlandiella and wettinia. For a Bolivian
 

Tree Guide, a taxonomic treatment of native tree palms
 

represented in Bolivia was provided by Moraes (1993b;
 

Appendix 5), including short descriptions for 25 genera,
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keys for genera and brief references for 40 species.
 

This contribution mentioned also some taxonomic
 

references on non tree species. Due to further
 

identifications and adjustements of the distribution
 

range for some species Bolivian palms were reported to
 

have 31 genera and 91 species (Moraes, 1990a; Appendix
 

4; 	Moraes 1993b; Appendix 5).
 

This report will consider systematic changes which were
 

given for two groups: 1. Scheelea, Orbignva, Attalea,
 

and Maximiliana which were synomizied under Attalea, and
 

2. Jessenia and Oenocarrus were united under 

Oenocarpus. Considering these adjustments there are 27
 

Bolivian palm genera which are arranged in five 

subfamilies, nine tribes, and six subtribes (Table 3).
 

Table 3
 

Subfam. Coryphoideae 	 Tribe Areceae
 
Tribe Corypheae 	 Subtribe Euterpeinae 

Subtribe Thrinacinae 	 13. Euterpe
 
1. 	Th ithr1na:.: 14. Prestoea 
2. CheIlo-arpus 15. Oenocarpus 

Subtrb L ".'istnirin- 16. Hyospathe 

ci.-.i r":I i& Tribe Cocoeae 
Subfam. 	 CalamocII.e Subtribe Butiinae 

Tribe Lepidoccii-1veae 17. SyacIrus 
4. 	 McIuriltl 18. Parajubaea 
5. 	 MauIL It lei I, 19. Allagoptera 

Subfam. 	 Ceoxyloidtc- Subtribe Attaleinae 
Tribe Cero:','Iea - 20. Attalea 

3. 	 29t- .'' .,, Subtribe Bactridinae 
Tribe 	 Hyophcc1.. i,- 21. Acrocomia 

.Ch,mn.:.dci..1,i 22. Aiphanes 
8. 	 1%enllanddi.-1 1., 23. Bactris 

Subfam. 	 Arecold,,.- 24. Desmoncus 
Tribe Iriaiter.a,- 25. Astrocaryum 

.':i'9. 	 Di ?t ': Tribe Geonomeae 
I0. I I l Ite., 	 26. Geonona 
II. ScIat .,:I Subt am. Phytelephantoideae 

Tribe Wettinlina, 27. Phytelephas 
12. -'et t in la 

The most species rich genera are Geonoma (21 spp.),
 

Bactri$ (12 spp. ) ari A. ,ro 'cryurr (8 spp. ) (Fig. 2).
 

Another extreme includes 13 monospecific genera, while
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intermediate genera have 2-6 species. Astrocaryum,
 

Aiphanes (1 sp.), and Chamaedorea (3 spp.) were recently
 

treated taxonomically by Kahn and Millin (1992),
 

Borchsenius and Bernal (in press), and Hodel (1992).
 

1. Subfamily Coryphoideae. This subfamily has fan

shaped leaves and is considered primitive among palms. 

In Bolivia it includes three genera (Trithrinax, 

Chelvocarnus, Copernicia) which all belong to the tribe 

Corypheae. They are trees and are morphologically 

easily distinguished (Table 4). They grow in different 

vegetation types in the lowlands. Trithrinax is found 

in the thorny and xeiic vegetation of the Chaco region, 

from E Santa Cruz to S Tarija. Chelvocarmus occurs in
 

closed forests of tht Amazonian region in Pando. 

Copernicia grows in seasonal savannahs of the Llanos de 

Mojos, reaching Paraguay and Argentina (Moraes, 1991; 

Appendix 7).
 

Table 4
 

tit , 
' ' 

I I I 

* ', ,.• . . I .ehi 1 ( 1 . 11 

- - - 'h ' " I . I--

We still lack good collections of Chelvocarpus chuco.
 

The only material kept at the National Herbarium is
 

BEST AVAILABLE COP
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sterile. The two other genera are well represented in
 

our collections, both in fruit and flower.
 

2. Subfamily Calamoideae. This subfamily is
 

distinguished by closely overlapping scales on ovaries
 

and fruits, and also mostly characterized by pinnate
 

leaves although some are palmate. It includes two
 

genera in Bolivia (Mauritic, Ma iritiella) out of a total 

of 22 of which four are Neotropical. They have costa

palmate leaves and grow in swampy regions with poor
 

acidic soils near the Andean foothills, in large lakes
 

in open areas, and near low hills on the Precambrian
 

shield.
 

Until now we have only poor information concerning
 

habitat differences between the two genera, but
 

apparently Mauritiellai is more adapted to the banks of 

black-water rivers. Both genera have a single species
 

in Bolivia. The morphological features which distinguish
 

them are shown in Table 5.
 

There is an interesting region in the E Dept. of Santa
 

Cruz from which both genera have been reported. 

_BESTAVAJL.A,42. 1-J 

. 1: E),.l vi ,i 

* .h . In 

ill Kd it , il ,ir rnec 

:lk.irr ly 
) 

: • I 1] Ili I l ' ii l 'it i 

,aIII f~dt- - - - - - - - - - --. 

3. Subfamily Cero:.:yloideae. In this subfamily all 

members are pinnately leaved. It includes 11 genera 
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which are mainly distributed in the Neotropics. They are 

dioecious and characterized by numerous peduncular 

bracts. In Bolivia the subfamily is represented by 

three genera: Ceroxylon, Chamaedorea, and Wendlandiella. 

These are well represented in the Andean forests and 

inter-Andean valleys on steep slopes and in wet ravines, 

and reach their southern distribution in Bolivia. While 

Ceroxylon species reach the canopy, Chamaedorea and 

Wendlandiella are found on the floor of umbrophilous 

forests. To compare features of these genera see Table 

6. 

Ceroxvlon has three species in Bolivia. It is mainly 

distributed at high elevation of mountain forests on the 

eastern slopes of the Andes from the Department of La 

Paz southwards to the Department of Santa Cruz, reaching 

elevations up to 3150 m. Bolivian species of Ceroxylon 

may be distinguished 1by differences in height, their 

leaves being evenly spaced or clustered, and their red 

or purplish-black fruits. Ceroxylon needs more 

botanical collections to better understand the 

morphology of both male and female plants. 

Table 6 .."..:' A\l P .., { 

* _ *,.. V... 

H*'l~lh 

fl1 .. i 

. 1"* 

. **,l' . 

'. 

I 

i. 
, 

l 

,i l: .( t'U 

M; l ha(stu ,1" Cl) 

*' i* lS . I ,: :. • . : :, i: ylI' i : ( [ 

The genus Chamaedorea is represented with three species 

in Bolivia. The most useful characters to separate 
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Chamaedorea species is the shape of the pinnae (linear,
 

sigmoi-d)Y he '' lf divi1sioni (diEvidedete, arfd the 

inflorescence type (spicate, branched).
 

The understory dwarf palm Wendlandiella was recently
 

found on the foothills of the Andes close to the border
 

with Peru. it has only one species in Bolivia, 1.
 

simolicifrons.
 

4. Subfamily Arecoideae. This is the largest subfamily
 

with 121 genera. It includes four tribes and 18 genera
 

in Bolivia: Dictvocarvum, Iriartea, Socratea, Wettinia,
 

Euterpe, Prestoea, Oenocarous, Hvospathe, Svaarus,
 
Paraiubaea, Allaaoptera, Attalea, Acrocomia, Aihanes,
 

Desmoncus, Bactris, Astrocarvum, and Geonoma. These
 

genera show a wide range of life forms such as treelike,
 

shrubby, acaulescent, and climbing. Some genera have
 

spines (Acrocomia, Ainhanes, Desmoncus, B Lctris,
 

Astrocaryum). They occur in different types of
 

vegetation in the lowlands and mountain forests.
 

Dictvocaryum, Iriartea, Socratea, Wettinia, Euteroe,
 

Prestoea, and Aiohanes have Andean distribution centers
 

but may be found as low as 250 m (Moraes et al.,
 

accepted; Appendix 1). The remaining genera are mostly
 

centered in the lowlands, although some species such as
 

Geonoma weberbaueri rea-h elevations up to 3200 m
 

Dictvocarvum, Iriartea, and Socracea are treelike palms
 

and have a crown of 3-7 arched leaves with fused groups
 

of pinnae giving them a characteristic crisp-leaved
 

appearance. They have stilt roots and infrafoliar
 

inflorescences, both features are shared with the
 

related genus, Wettini i (Table 7).
 

Wettinia was only recently found in Bolivia. Wettinia
 

aucusta is medium sized and grows in forests on the E
 

flanks of the high Andean mountains where it reaches
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down to 400 m in a small area close to the border with
 

Peru. For this species flowering and fruiting herbarium
 

material from Bolivia is still lacking.
 

Table 7 rPST ,EAIL !QCAN\ F. 

;pp. in Bol ivi, .. I 

Height M5'- hII -i2G, It-20 [I 3 . I' 

t.em -wollen w2 -jt swoll.-Il not swollen 

I L t.Ic, .. ,:., - , ;.: c:.d. I u ed 

s i ies ::hjrt, cit ;. -r,:harp. - cm sharp short sharp 

" .7 4-5 

t i n.net u.;t-, rused Lree 

ii I et c. lUd. .,r,- 1' ( crcl v riOusOd 

1.
dwn:: . .-: " 


Euterr, Prestoea, and Oenocarpous have a regular 

arrangement of the pinnae and a treelike life form, but 

differ in many features 'Table 8) . Both Euterpe and 

Prestoea have infrafoliar inflorescences, a crown of 

gracefully arched leaves, and a smooth stem. They are 

mostly distributed in %-jet to) flooded Andean forests down 

to the foothills (Eut~zr'e and Pi$.eroea.) and lowland 

rainforests (Euterpe ecaori). In contrast to 

Euterpe, Prestoea has a longer petiole and prophyll and 

its peduncular bracts are of unequal length and the 

flowers are not borr i1r pits. There is a lack of 

fertile herbarium material - both flowers and fruits 

of Prestoea globosa.
 

Oenocarous has interfoliar, hippuriform inflorescences
 

and a stern with remnant foliar bases. It is found in
 

Andean mountain forests as well as in Amazonian forests.
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Table 8
 

___ ___ _e- HV'yD[tt he CnocarDus 

Spp. in Bolivia 1 5
 

Height 10-14 m -4 m ;-4 t 6- mn1 

Stern solitary solitary creeping solitary to clustered
 

Hobi t t : tIii ke ! t 1 i h, uLti t r,-e I i ke 

Leaves pendule pendule erect or erect or arched 

Pinnae even space! oven spaced threetolded even spaced
 

Inflorescence Lranched branched branched hippuriform 

Some species have solitary stems and erect leaves
 

whereas others have clustered stems and arched leaves
 

(Table 8) . we still need both flowering and fruiting
 

herbarium material from Bolivia of Oenocarpus distichus.
 

Hvosoathe is monotypic and occupies the understory.
 

Sometimes it has a creeping habit (Table 8). It is 
frequently confused with Geonoma due to its three

pinnate leaves.
 

SvaQrus, Paralubaea and Allagootera belong to the 

subtribe Butiinae, but they are morphologically easily
 
distinguished (Table 9) . Although Svaorus reaches
 

mountain forest-;s up m of elevation, both Svagrus 

and Allaqoopera are rrsl' disributed in the lowlands. 

Par-aubaea on trie 1'y i,:.: e:;trcted to wet ravines 
in the inter-Ande ,ir dry valleys of Santa Cruz, 

Chuquisaca, and Potosi.
 

Svagrus has five species in Bolivia which are 

acaulescent or treelike.
 

Paralubaea has two species (P. cocoides, P. torallyi), 

both of which are Andean (Moraes & Henderson, 1990; 
Appendix 3). Paraiubea torallvi, an endemic species, 
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has a massive stem densely covered with fibrous foliar
 

Table 9 BEST AAILABLE COPY 
;ycru: .' I,,)r ,- 1aPora iuba ea Attalea 

Spp. in Bolivia 5 11 5 

Height -1i8 m ..- 3 m 6-8 m 8-18 m 

Habit treelike & icaulescent treelike treelike
 

acau 1escen!
 

Inf lorescence r'rdnc-hed., , 1,,it branched branched 

Stamens p -18 

Allaaotera is represented in Bolivia with one species,
 

which is widely distributed in well drained savannahs
 

and on the top of hills E Bolivia. This genus is a
 

biogeographical element of the Cerrado, and is
 

widespread in central Brazil, E and central Bolivia, N
 

Argentina, and N Paraguay (Moraes, draft; Appendix 9).
 

The genus Attalea has five species in Bolivia (Table 9).
 

Three of them are well known and have wide
 

distributions. Most species are treelike. Attalea
 

phalerata and A. burvracea are frequently confused
 

because of their sim: arities in size and appearence.
 

For Attalea butvraceai, a. eichleri, and A. maripa 

flowering herbarium material from Bolivia is still
 

lacking.
 

Acrocomia, Aiphanes, Desmoncus, Bactris and Astrocarvum
 
include mostly armed species (Table 10). Acrocomia and
 

Desmoncus are found in secondary vegetation in open
 

areas as well as in low thorn forests and island
 

forests. The six species of Desmoncus are easily
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differentiated by their leaf shape, curved or straight 

spines, and7 h colr of their fruits. 

Table 10 

AIro omia Ainhares Destrionctis B t r is 

Spp. in Bolivia 11 12 

Height 4-8 m 3-6 m 3-8 m * 2-10 m 

Stem solitary solitary clustered solitary & clustered 

labit treelike, tr .-like, climbino shrub to treelike 

Pinrae e-longated ilhLi ICled siguioid elongated, sigmold 

to fused 

'iort-;: :., , - ,ii.I' ,I. dnctidzc t.rariched 

kachi1lae •10 *10 ±10 

ldependirg or th :,,rjtO, of .. 

Aibhanes, represented in Bolivia with one species, is
 

mostly restricted to Andean forests. This genus is
 

easily recognized by having 'fishtail,-pinnae.
 

Astrocarvum and Bactris have diversified in the Andean
 

foothills forests up to 1000 m and in the Amazonian
 

rainforests.
 

Bactris is very diverse and represented in Bolivia with
 

12 species. Important features to differentiate species
 

are solitary or clustered habit, pinnate or fused
 

leaves, and orange or purple fruits. Most species are
 

well adapted to seasonal and permanent humid soils.
 

Astrocaryum, has ten species in Bolivia. They' are 

acaulescent or treelike (Table 11) . The most useful 

feature to distinguish between species is the number of 

pistillate flowers on the base of the rachillae, 

solitary or cespitose habits, and the arrangement of 

pinnae.
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Geonoma has 21 species in Bolivia, but this number may
 

be an overestimate since some currently accepted names
 

may need to be synonymized. This genus has a wide range
 

of leaf forms (Table 10) . Several names cited for 

Bolivia need further taxonomic work.
 

Table 11 "- AVAILABLE COP
 

As t r ocarv, ;< 

. ,p. in Bolivi;, . ,' 21 

}i,. lh ;: tr . -- . . , 

" ,.. I k ~ :. , , .. -,Ir: tir,t rI e I k :'t11 


4*.'.t;C-i, I'htj'l *- b .tlJQ,t-d{' *,J, d:l~l l{ 

r.,2: I I.,. . IC.' I 

5. Subfamily Phytelephantoideae. This is one of the
 

most advanced 'pinnate-leaves' dioecious palm groups.
 
Tt includes, one genu. . '.1,,, ePhv
lerhas, which has 

only one species, P. rn-i- 1 ir _oa . This genus has a 

treelike life form with a short stem. It is widely 

distributed in the Andean forests towards the Amazonian 

rainforests, but restricted to the V:and NW of Bolivia.
 

Conclusions
 

1. The roil,.,unpalms is not
richness of d,_itive only 

expressed in number ot species, but also in the 

diversity of habits, and in a wide range of distribution 

patterns in altitudinal levels and vegetational units. 

2. Although some Bolivian taxa, 27 genera and 94
 

species, have been iearranged systematically through
 

many treatments of palms, much work remains to be done
 

in order to solve the identity and synonymy of several
 



Moraes R., M. : Taxonomy and Natural History of Bolivian Palms 

25 

species names. Geonoma, Bactris, Astrocarvum, 

Acrocomia, Desmoncus, Ceroxylon, Mauritella, Svaarus, 

and Trithrinax require further taxonomic studies. 

3. It is expected that further fieldwork and search for 

palms in poorly known areas will provide relevant 

information about the occurrence and distribution of 

Bolivian palms. 
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Sustainable use of Geonom8 spp. (Palmae)inNW Bolivia 
Appendix 2 

Title of project: 

Sustainable use of Geonoma deversa (Palmae) in northwestern 
Bolivia 

Objectives: 

To propose harvesting techniques for a sustainable use of Geonoma spp.
(Palmae) used by local people for thatching. These species are locally 
known as "jatata' and are distributed in the Bolivian Amazonia. This main 
objective will encomprise the following actions: 

determining the species involved in thatching purposes, 

determining current harvesting methods used by two ethnic groups 
(Tacanas and Chimane) in western Bolivia, 

evaluating the effects of traditional use on the populations of species 
involved. 

research of basic biological features of Geonoma deversa and related 
species used for thatching, 

and searching resistance attributes of species used for thatching. 

General background 

In Bolivia the Amazonian forest is an important source of many products 
for subsistence economy Ifoo)d, medicines, construction materials etc). 
Some of these could be included as economically rentable activities, at least 
at a local level. The use of non timber forest products has been largely 
proposed as an economically alteroative against deforestation and 
conventional logging. 

For a regional development of the Bolivian Amazonia the search of 
economically profitable activities is a primary goal. Recent evaluations 
have showed many restrictions on the use of natural resources. One of the 
most important recommendations is to promote the participation of local 
people in this process. mainly ethnic groups. 

The 'jatata palm, mainly referred to Geonoma deversabut also includes 
other species of Geonoma is widespread used for thatching by many 
ethnic groups and rural settlements in Bolivian Amazonia. 
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The thatching-pieces assembled with jatata leaves have a high quality and 
last more than 15 years. They are highly required in many urban centers 
in the Bolivian Amazonia, and it could be considered as an economically 
important alternative at a local context, as a profitable activity for ethnic 
groups as the Chimane or Tacana people in western Bolivia. The economic 
importance of jatata was treated by Rioja (1992), who emphasized a 
growing demand of this product at the regional scale in Bolivia. 

However, because this growing pressure the traditional use of jatata could 
not be considered sustainable. Local references and preliminary 
observations of many authors revealed a population declination in some 
areas. Then, with regard of the importance of the jatata in the economy of 
subsistence and as a potencial economic product, it is proritaire to improve 
its management towards a future sustainable use. 

Methods 

The 	study includes three key components: 

I. 	 Compilation of information related to Geonoma species and a brief 
review of species used for thatching in NW Bolivia. This will be 
carried out through local collections assisted by local harvesters, 
interviews with harvesters of ethnic groups and bibliographical 
reviews. 

2. Evaluation of harvesting and uses of Geonomsspecies. 

2.1. 	Detailed description of local harvest applied by two ethnic groups, 
Tacana and Chimane. This description will include a selection of 
harvesting areas, selection of patches and individuals, and all the 
processes involved until assembling leaves of Geonoma for 
thatching 

2.2. 	 Evaluation of harvest effects on individuals and populations of 
species involved 

2.3. 	Record of preliminary data on biological and demographic features 
2.4: 	Tests/proofs on experimental cutting to improve the long-term 

productivity of individuals and populations 

3. 	 Experimental tests of material quality in order to evaluate Geooomas 
physical, heat. humidity, and organic decomposicion resistance. 

In order to compare both harvested and untouched forests, representative
forest sites were selected related to traditional settlements of Chimane and 
Tacana ethnic groups as well as in a pristine area of primary rain forest. 
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Both chosen areas are currently proposed as national parks under the 
Bolivian system of protected areas. 

In each of these three areas will be stablished a 1-hectare plot where all 
the individuals of Geonoma spp. will be registered. For each 1-hectare 
plot a sample of 1/10 ha will be studied and a standard data series for all 
individuals of Geonoma species will be recorded such as phenology, 
growth, etc. 

The stablished plots related to traditional settlements will be a study site 
for monitoring harvest techniques and their effects on populations and 
individuals. Whereas plots in pristine forests will serve as a comparison
site. Information about traditional techniques on harvesting and 
treatments of the jatata leaves will be obtained trough interviews of 
Chimane and Tacana people. 

For experimental cutting techniques, a sample of 1/10 ha will be tested for 
each sustainable use alternative proposed through this present project. 

Plots will be visited at least three times per year. It is expected that 
chosing study plots in protected areas they will be kept as permanent 
monitoring sites. 

Personnel and institutional affiliation 

The present study will be carried out under the research project
Sustainable Use, Diversity, Economic Potential, and Conservation Status of 
Bolivian Palms organized by the Bolivian Herbarium in La Paz and The New 
York Botanical Garden. 
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