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19 December 1984

Dr. James Hester

AID liaison Officer

US Agency tor International Development
Washingten, D. C. 20523

Dear Dr. Hester:

Enclosed please find the end of project report on AID grant No. DAII-5542-
G~55-1086-00, entitled "A botanical inventory of the eastern slope of the
Andes of Central Peru". In addition to the regular £ix month reports, an
overview of the work completed to date was submitted last summer. This
report is largely based con the earlier documents.

Since the rejected end-of-project report constituted by my letter of 26
Hovember, cne additioral significant paper has comz out of the project.

This is a paper entitled "An overview of neotropical phytogeographic patterns
with an emphasis on Amazonia" and is the "state of the art" summary I
presented at the first Humid Tropies Symposium at Belem in November. As

1 indicated in my letter of 26 November, the development-oriented people

at that meeting seemed extremely excited by the oral version of this paper.
Therefore I trust that your office will alsoc find it of interest.

If T can be of further assistance, plesse let me know. As you know, we
are extremely anxious to get re-funding for edditicnal plant exploration
in Peru.

Sinceraly,

Gy

L//{(- \T.‘V: ‘%'./
Al Gentry

Associate Curator

-

Rec'dinSCl:  SEP 201564

P. 0. Box 299
St. Louis, Missouri 63166

Telephone: {313V 5775100

Telex: 466224 'l/
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This constitutes a summary report. of AID grant No. DAN-5542-G-55-1086-00,
The grant period was for three vears from late 1981 ro late 1984,

We feel that we bave been successful in our overall objective of
increasing botanical knowledge of the Selva Central and adjacent regions,
Altogether, ca. 30,000 collection numbers (totalling an estimated 120,000
specimens) have been coilected. Because two duplicates of each collection arc
normally left in Peru, we estimate that probably 50,000 jdentified(!) specinens
have been added to the herbaria of the Universidad de San Marcos and the
Universidad Nacional de Amazonia Peruana,

Most ot the first three—-month period was spent in organizational work,
which included niring David Smith of Iowva State University as a full-time
resident collectr.; Kokin Foster, Missouri Botanical Garden Research Associate,
as part—-time collector; and Rodolfo Vasquez M. of Iquitos, Peru, as full-time
resident collector in the Amazonian region. During this time, we acquired
collecting supplies and worked out the necessary permits and political
arrangements in Peru. A wide scope, leong-term (6-year) Convenio between the
Missouri Botanical Garden and the !linisterio de Agricultura was signed, which
not only approves the plant colle:ting work of the project, but essentially
designates the principal investigator of this project as coordinator of foreign
plant collecting activities in Peru for the duration of the agreement. In
February 1982, full-scale fieldwork was begun.

Since then we have collected throughout most of Amazonian Peru. Areas in
which collecting was concentrated include the Oxapampa—San Ramon-Villa Rica area
with major efforts focussed in the Cordillera Yanachaga proposed National Park
area and in the montane palm forest and high altitude “"pajoral” in the
cordillera west of Oxapampa: the Palcezd Valley, especially around Iscozacin
and Cabeza de !lono; the Pichis Valley, especially arourd and in the Cordillera
de San latfas; the Rfo Pozuzo Valley, near Pozuzo and Codo Pozuzo; Bosque
von lumbnldt and the northern terminus of the section of the Carretera Marginal
now under construction; and the Iquitos area, especially on white-sand soil near
Mishana on the Rfo Nanay and on relatively rich soils at Yanamono near the
mouth of the Napo. MHore sporadic collecting trips have also been made to many
other parts of Peru, including the Huallaga Valley near Tingo Marfa, the
Tarapoto area, the Venceremos and Shillac regions on the Amazonas/San Martin
border, the Huamachuco area and upla.d "ceja de la montana,” the Gran Pajonal
and Satipo regions, the environs of Cuzco and the upper Urubamba Valley, the
Puerto Maldonado-Rfo Tambopata area, lMan(i Park, especially in the Cocha
Cashu area, the Andoas region on the Rfo Pastaza near the border, Negrn Urco
and Juebrada Sucusari on the north and south banks of the Rfo Napo,
respectively, Jenaro He.rera on the Rfo Ucayali, and the Rfo Samiria-Pacaya
Reserve area between the Marafion and Ucayali.

Identification and New Taxa

We feel that the outstanding accomplishment of the project has beer in
greatly increasing the floristic data base for upper Amazoniar Peru. Very many
new and new-to-Peru species and even genera have been discovered during the
course of this investigation. Many of these new species are ecologically
important, even dominant, in their areas of occurrence.



Some ecxamples of especially interesting species discovered during the
course of this project include several families previously unreported for Peru,
e.g., Magnoliaceae with no less than three difterenc species of Talaumn
collected, at least one of them apparently undescribed; Drosera of the
Droscraccae, a pecaliar family of insectivorous plants previously known in the
Andean region only in Colombiaj bialypetalanthaceae, a strange and very poorly
known large tree previously known only from Central Amazonia. The dominant
species of the forests above Oxapanmpa, SO prevalent that every ridge line
visible from the town is characterized bv silhoueites of this species, turns out
to be yet another gerus new to Peru, the palm Dictyocaryur. Although this
species, used to construct the floors of campesino hous_s throughout the area,
is the most common and one of the best known plant species of the Oxapampa area,
it bad never been previously collected. That it proves to represent a geuus
previously unknown from Peru underscores the point that our knowledge of the
Peruvian flora remains abysmally lacking. A sccond palm genus previously
unknowr: from Peru was also encountered. This is Velfia, a genus of two species
previously known from Costa Rica to Colombia, which is the most important roof-
thatching palm in western Colombia and is also widely used there for making
brooms. In addition, it has edible fruits which are relished. by the Chocd
Indians. To our knowledge, Welfia, which grows in nostly uninhabited areas in
Peru. is not used locally but, extrapolating from its use in the Chocb, it
ceould conceivably form the basis for developing a local cottage industry in Peru
as settlers move into this region along the new highway. Again, we do not yet
know whether the Peruvian Welfia is a new species or a 1500 km range extension
of one of the two Colombian species. Several other paln species we collected
during the first yesr of this project are ciearly new, however. One is a
species ¢f Wettinia that is subdominant on top of the San Matias ridge.
Especially noteworthy are new species of Chamaedorea and Ceonoma, with possible
horticultural importance. One has the most dramatically corruga*:-coriaceous
leaves of any palm species of which we are aware and will surely create
something of a sensation in palm horticultural circles. Thus the palm family,
often remarked as the most important economic plant family in the role it plays
in the lives of forest peoples, provides an excellent example both of how poorly
known floristically the study region (and much of the rest of the Neotropics) 1is
and of how many as yet unknown Neotropical plant species ray be cf economic
importance.

0of course, it is not just palms which are turning out to be new and
new-to-Peru. One especially striking example comes from the one—hectare tree
plot near Iquitos on the Rfo Nanay sampled by the PI in January. Generally a
tree climber would climb a strategically located trce and then collect specimens
of a number of nearby trees from a perch in its top, using a 15 m long
extendable aluminum clipper pole. At one point, the material thus collected
from a single climb included thrc:e genera new to Peru.

When the commonest liana species of the seasonally inundated forests
around Iqungg turns out to be a new species, one of the commoner trees of the
Samiria-Pacaya reserve is a genus new to Peru (Patinoa, a genus known to have an
edible fruit in the Chocd!), and thi commonest emergent tree in the Cocha
Cashu area of Manu .s an entire .ew genus of Lauraceae (though close to an Asian
one), it is obvious that floristic knowledge of Amazonian Peru is inadequate!
Altogether, many dozens of new plant species have been discovered in the course
of this project.



In rmany ways, more interesting than new species are very large range
disjunctions in known species. Some striking examples from Rignoniaceae ate
Spathicalyx duckei, found at Cabeza de !lono but previously known only from the
Santarum area of Brazil, Clytostoma campanulatun, found at Cocha Cashu but
oreviously known only from the environs of 53u Paulo in southern Brazil, and
Tynnanthus puberulus, fouund at Tocache MNuevo, but known previously from French
Guiana and Anupa. What such amazing disjunctions mean is unclear, but almost
certainly many of them reprosent widespread specics and are an artifact of our

arazingly poor overall floristic knowledye of the Amazonian flora.

Not only is discovery of new species and new distributional records of
importance in order to document the Peruvian flora. [Perhaps even more important
in many cases 1s re-collection of already described species which have been so
rarely collected that the application of an old pame has remained ohscure.
Because of taxonomic iules of priority, accounting for such old names is
critically important in order to stahilize nomenclature and avoid the necessity
of confusing name changes. The area of Peru in which we are working is
especially important in this respect, due to the collections made therc in the
late 1700s by Ruiz and Pavdén especially in the Pozuzc area. A number of
species collected by Ruiz and Pavdén are not known ever to have been collected
again. However, in many of these cases the same plant species has nndoubtedly
been re-collected elsewhere and given a new name. This has happened in part due
to sloppy taxonomy and in part because the Ruiz and Pavén collection at Madrid
is not readilv accessible to many botanists and also because some of the
importart carly Peruvian type collections were destroyed in Germany during the
second Vorld Var. Complete collections from the areas visited long ago by Ruiz
and Pavén will help immeasurably in figuring out what plant species they were
trying to describe and thus in the stabilization of taxonomic nomenclature not
only for Peru, but for all of the MNeotropics.

Plant identifications are important for nany people besides botanists.
For exanple, identification services were provided for several conservationally
important studies of endangered mammals of the "ceja de la selva.” Smith and
Sentry spent severial weeks in the field in the northern “"ceja de la selva”
collecting and providing preliminary idertifications of pients in several of the
last renaining habitat patches of the yellow-tailed woolly monkey, the second
largest New World primate and long thought to be extinct until recently
rediscoverec in a few remote forest remnants. Significantly, our botanical
fieldwork provided a floristic data base for a study of an exclusively Peruvian
mammal being made by a Peruvian biologist, Mariella Leo. We also identified the
large collection of plarts made by Bernie Peyton, who has spent much time over
the last several years studying spectacled bears in the most remote "ceja"
regions of central and southern Peru, where this highly threatened species still
survives. The study of spectacled bears included a strong habitat component, as
well as food plant observations, that would not have been feasible without these
botanical identifications. Identifications were also provided for various
zoologists associated with John Terborgh in studies of the fauna of Cocha Cashu
Biological Station in Manu Park and for another Pervvian primatologist, Marliene
Ramirez, studying Sanguinus mystax on the Rfo Blanco.

Some specific examples of significant identifications provided by this
project include that of Calatola (Icacinaceae) for medical botanist Walter
Lewis, who had previously thought the plant to belong to the quite unrelated
family Nyctaginaceae., This plant is important in folk odontology among some of
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the Indian tribes of Amazonian Peru and its anticaries properties are now being
investigated by the Washington University School of Dentistry. There is no
previous record of such a use for any member of ITcacinaceae. Another
identification of special interest is that of a formerly important timber tree
of the Oxapampa region as Huertea glandulosa of the Staphyleaceae. There are
apparently no previous records that this genus, or even its family, produces a
useful hardwood. Proyecto Pichis-Palcazu personnel, who are interested in using
this wscful native tree in reforestation, had previously only been able to guess
(erroncously) that it might be some kind of Mcliaceae, Species identified for
the Bosque von Humboldt foresters included Copaifera, a legune genus now being
considered for commercial exploitation as a fuel source, which is very common
locally although previously kaown from Peru from only o handful of collections,
Identifications have also been provided to a German-sponsored reforestation
project headquartered at San Ramdn. We have collected many of the species of
interest to their project and provided the desired identifications -hich include
some of the species not re-collected since the 1700s. Another previously
unidentified commercially important species is Cordia alliodora, a fast-growing
tree of the Oxapampa atea known as "nogal blanco.” This tree is well known as a
valuable timbe: tree in other parts of the MNeotropics and is being considered
for reforestation work by br. Brack of the Pichis Palcazu project ctaff. The
tree had previously becn misidentified as belonging to Annonaceae by the local
specialists in dendrolopgy and forestry consulted by Jr. Brack. As a result of
- discovery of the correct name and thus the potential timber potential of "nogal
blanco,” an active program of propagation of the plant for reforestaticn has now
been initiated. Another unidentified species of commercial importance and
locally known as "huamanchil co” has now been identified as Laplacea spathulata.
This vree is of special importance as a leading timber tree, yet it has not
previously been possible to identify it--a serious problem in view of the
Peruvian government's requirement of identifications of all timber products in
order to obtain export permits.

Theoretical FEcology

In addition to intensive general collecting and plant exploration
throughout the upper central Amazonian region (and to some extent through much
of the rest of Peruvian Amazonia), we initiated several more specific studies
including setting up six permanent tree plots of one hectare each and several
additional 1000 m2 samples to quantify species composition and diversity in
different regions. Data from these ecological samples formed the basis for a
paper in the Peruvian Ministry of Agricultrure's new book on ManG National
Park entitled "Some Preliminary Results of Botanical Studies in ManG Park,”
and for a paper presented as a state-of-the-art overview at the First Humid
Tropics Symposium at Belém. A copy of the former manuscript (due out in
January) was previously submitted. A copy of the latter is appended to this
report.

The areas in which 1000 m2 samples of all plants over 2.5 cm dbh were
carried out include Cabeza de Mono in the Palcazu Valley, the Venceremos area
(home of the rediscovered yellow-tailed woolly monkey), El1 Abra (a disjunct and
unusual dry forest near Tarapoto), Bosque von Humboldt, and several sites near
Iquitos. These samples, in addition to earlier ones made in Amazonian Peru and
elsewhere, were obtained with the techniques described in Gentry 1982



(Evolutionary Biology 15:1-84) and make possible direct comparison of plant
species diversity and rloristic composition of these repions with many other
Neotropical and paleotropical areas,

Tnis new data base is leading to many new insights. For example, within
the Neotropics, scveral very clear patterns in plant community diversity are
becrming apparent. The most strikingly predictable trend is the strong
correlation of precipitation with plant species diversity (Figure l; Gentry,
1985). Lowland dry forests generally have about 50 species per 0.1 ha., moist
forests ca. 100-150 species, wet forests ca. 200 species, and pluvial forests
ca. 250 species in the continental Meotropics. This data set now includes 45
sites from 1l countries. Contrary to my original contention (1982b) the
precipitation/diversity curve reaches an asymptote of about 250 species at 4000
mm of annual precipitation (Centry, 1985). The replicability of these values
for many different sites scattered throuph much of South and Central America and
running the gamut from dry thornscrub forests to the wertest place in the world
seems strony circumstantial evidence that the diversity of Neotropical plant
communities is highly determinate and probably maintained at environmentally
determined equilibria.

Not only does the diversity of mainland Neotropical plant communities
appear to be highly predictable. The floristic composition of these
comnunities similarly can be predicted from environmental parameters such as
rainfall and soil. The only exception is that on very wet and/or rich soils,
Moraceae are sometimes equally important; the increase in number of Moraceae
species being predictable from the combination of rich soils and adequate
rainfall. Like Moraceae, palm speci::s are much better represcnted at wet sites;
however, number of palm individuals seems more closely related to soil fertility
with higher palm density on rich snil sites. At all extra—Amazonian wet forest
sites, Palmae is the second, third, or fourth most important family in number of
srecies. In all wet upper-—Amazonian sites, essentially the same group of
families is the most species rich (after legumes) in these samples—-Lauraceae,
Annonaceae, Rubiaccae, Moraceae, tlyristicaceae, Sapotaceae, and Meliaceae. In
progressively drier forests, on the other hand, wind-dispersed families become
progressively (and predictably) better represented. Thus Bignoniaceae becomes
the second most species rich family (after legumes) in all dry forest sites.
Rutiaceae and Sapindaceae are also always among the half dozen most species rich
families in dry forest samples.

Again, the predictability of these trends, despite the fact that very
different sets of species are involved at the different sites, seems strong
evidence that Neotropical forests are put together in an emphatically non-random
way, a finding with much theoretical interest. Table 4 and Figure 1 in the
enclosed manuscript summarize these new findings. Four one-hectare tree plots
have also been sampled in Amazonian Peru. These were located at Yanamono and
Mishana, near Iquitos, at Cabeza de Mono, near Isrozacin aud at Cocha Cashu,
ManG National Park. Two other tree plots were sampled at Tambopata, Madre de
Dios, put specimens have not yet been processed. Our one-hectare tree plots are
also theoretically exciting in demonstrating that Neotropical forests are the
world's richest, contrary to the published literature which makes that claim for
the Dipterocarp forests of Southeast Asia. Thus, all four one-hectare
Amazonian Peru-ian tree plots of which preliminary analyses have been completed
have more tree species than the richest site reported for Southeast Asia by
Whitmore (1975). Two are much richer than even the richest Asian samples at

-


http:pailentropic.il

. A
Rengam, Malaya (Cousens, 1951) and Guoung Mulu, Sarawak (Proctor et al., 1983).
The most diverse Peruvian site has ca. 300 species ont of 600 individuals = 10
cin dbh!

Apparently the low-tree species nunbers from carlier Neotropical studies
were largely due to relying on identifications by "maceros” or local
tree—identifiers who always lump tocether under the same comnmon name many
species in the large taxonomically complex genera that contribute so much to
local tree species diversity. In addition, many of the published Neotropical
tree plot data sets have been from intriusically low-diversity peripheral or
poor soil areas such as Central America, the West Indics, or northern Guyana and
Surinam. Some other insights from these plots are indicated below,.

Another new ccological insight is the role rhat P~diversity plays in
senerating the overall species richness of Peruvian fmazonia. For example, for
a series of 1000 m2 samples on different substrates (upland white sand,
upland lateritic, non-—inundated flood plain, tahuampa or varzea secasonally
inundated by black water, tahuampa inundated by white water) near Iquitos, each
forest type sampled is very rich in species (163-249 snp. = 2.5 cnm dbh.) but
there is very little overlap between the species of different substrates, even
when the samples are located virtually adjacent to ecach other. Intriguingly,
although each site has aa almost completely different set of species, the
familial composition of these diffevenc forests is remarkably similar. HNot only
do Leguminosae dominate in species numbeis ar each site but the other families
that occur at each site are the same and in approximately the same sequence of
species richness. At least seven of the 11 most species-rich families are the
same at all the sites (sce Table 4 of enclosed manuscript). These patterns
would seem to sugjest that each plant family may have a specific role in
Neotropical forest communities, with a different set of species of each family
specialized tor different substrates in Amazonia. Such evidence suggests that
the high cpecies richness of Amazonia, and of particular Amazonian regions such
as the area around Iquirtos, is due not to greater a-diversity, but largely to
the many floristically different plant communities that occur on the different
substrates of the local habitat mosaic. 1f so, much of the high species
richness of Amazonia, especially upper Amazonia where the habitat mosaic seems

locally more complex, may be explained by F—diversity.

Land Use Planning

After three year's of botanical work and plant collecting in the central
Peruvian part of Amazonia, we have accumulated enough knowledge of the region's
flora to begin fro seriously address another important objective of this project:
to survey the floristic composition of the various vegetation types of the
region from the viewpoint of selecting indicator species for various vegetation
types, and. ultimately, using this survey capability and floristic data base in
land use planning. Robin Foster concentraced especially ou this phase of our
analysis during his fieldwork. A general summary of some of our preliminary
conclusions with respect to the main vegetation types of the region follows.

Although tiie Pichis and Palcazd Valleys are both covered with low hills,
the vegetation of these two Valleys differs markedly. From all the plant



indicators, the hills of the broad Pichis Valley have richer soil and support
greater plant productivity. Nevertheless, they are apparently nuch nore subject
to strong winds than the more protected Paleazii, since the forests of the

Pichis Valley scem to be in a natural state of turnmoil. Ohservations from the
air suggest that this perennial disturbance is not limited to the few sites
visited, but occurs throughout the basin down to Pucrto Inca on the east side of
the Pachitea. The alluvial fan floodplain of the RBfo Pozuzo from its exit

from the mountains below Pozuzo to its junction with the lower Palcazd has a
similar flora suguesting high relative productivity.

The Palcazu Valley (except the narrow fleood plain) stands out among these
lowland areas of the Selva Central in having unusually impoverished soil, but an
exceptionally high forest. Perhaps the height of rhe forest is related to the
protection provided by the adjacent mountains, o: perhaps the greater tree
stature is related to a relarively low level of disturbance associated vith
slower tree growth (and tree fall) in a less-productive environment. Five to
ten km NE of Codo Pozuzo the alluvial plain of the Rfo Pozuzo suddenly ends in
the steep 10-20 m tall wall of an ancient alluvial terrace. The flora and
vegetation of this terrace are dramatically different from that of the adjacent
flood plain and indicative of low nutrient status. This terrace shares with
similar terraces along the Palcazu many rarcly collected plant species, some of
which are more typical of higher, wetter areas such as the San Matfas ridge
crest.  Another featire of these terraces is nnat they have the highest
densities of "tornillo” (Cedrelinga catenaeformis, the most imporvant timber
tree of the lowland Selva Central) that we have observed. An obvious conclusion
from these observations is that cultivation of these apparently poor-soil
terraces should be discouraged and controlled lumbering of tornillo could be the
most appropriate ultimate land use for most of the Palcazu and adjacent regions
of the Pozuzo.

Judging from 1its appearance from the air, there may be another quite
different poor-soil area in the Selva Central region. At any rate, the forest
on the low hills from near the base of the Serrania del Sira up to the
Llullipichis looks distincitve and very likely reflects a much pourer soil. We
have not yet collected in this region, which is of limited area but might be
worthy of special conservational consideration if the flora does turn out to be
distinctive.

The Serrania de San Matfas is an abrupt anticlinal fold between the
Pichis and Palcazu rivers, presumably the first stirring of the next major
uplift of the eastward-growing Andean codillera. Due to its shape, a much
greater diversity of rock layers (limestones, sandstones, red clays, etc.) is
exposed on the west side than the east where we have conducted most of our
fieldwork. The most distinctive change along the east side is a broad band of
somewhat sandy soil about haliway up the ridge characterized by higher densities
of rubber trees (Hevea), Rapatea (Rapateaceae), numerous small palms and the
fern Schizaea elegans. This floristically distinct vegetation type is not
discernable from the air. The two side ridges of the San Matfas system which
we have botanized to date had similar soil characteristics and exposures but
many species different from each other and noticeably different relative
abundances of most of the others. Our transit of the San Matfas cordillera
also revealed an outcrop of rich limestone and limestone-derived soil part way
up the western slope of the cordillera. We were not the first to discover this
richer-soil area: despite being far from the settlements along the river and
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several hours' hike from them through little-disturbed forest, the part of the
limestone region we saw is mostly -second growth from old chacras. It is likely
that this bank of soil, which should be ecasy to recognize by its distinctive
flora, exteands the whole length of the San !atfas. This seems an excellent
target arca for intensive agriculture, rather than the sandy river terraces and

lateritic hills where rich natural forests are currently being converted rapidly
into substandard chacras and pastures.
Our hwectare sample plot at Cabeza de Mono gives a clear indication of the

timber poteatial of the sandy river terraces which predominate in much of the
Palcazu Valley. The comnonest large emergent tree in our plot is Cedrelinga
catenactormis, or "tornillu,” a species of the legume family which produces a
timber similar vo that ot Cedrela. Siuce mithopany and "cedro” have now heen
largely eliminated by overintensive exploitation through much of Amazonian Peru,
“tornille” is rapidly becoming the main timber wood of the Selva Central
lowlands., That such a valuable timber wood is so common in the poor-soil
Palcazu forests suggests that a well-pianned program of commercial exploitation
might provide a sustainable resource of much greater value than the poor quality
crops or pastures which would be grown here were the forest cut. Morecver,
Cedrelinga shows abundant regeneration in the uundisturbed forest, ranging in
diameter from giant emergents over 100 cm dbh. through intermediate size classes
to small trees 10 cm dbh. and less. Altogether there are eight trees of
Cedrelinga over 10 cm dbh. in our sample hectare, making this one of the
commonest species in this very diverse forest which has 170 tree species plus 16
liana species 2 10 cm diameter.

This site contrasts strikingly in floristic composition with the remnants
of richer soil vegetation along the actual river margins. WVhereas rich-soil
specics like Ceiba pentandra occur along the river edge, they arc conspicuously
abseat from the upland forest back from the rivers where such poor-soil
specialists as Irviartella setigera and Aspidosperma are prominent instead. The
moral of this floristic difference would appear to be that the long-term success
at cattle raising by many of the German settlers in the Palcazu Valley should
not be taken to indicate that the whole valley could be profitably converted
from forest to productive cattle pasture: most of the fertile soils bordering
the rivers which can sustain pasture have already been converted to that use.
Farther upstream at Loma Linda where the Palcazu runs out of the more broken
Ardean foothill country, a recent attempt has been made by the indigenous
Amuesha community to set up a cattle raising operation on the highly dissected
lateritic hills away from the river flood plain. The soil is too poor for good
pasture (as could have been predicted from its natural vegetation) and the
catt:le are barely able to eke out an existence on kudzu vine.

We may conclude that while limited rich-soil areas of Amazonia may be
appropriate for agricultural development, most other areac just as surely are
not. In view of the kinds of tightly integrated fine-tuned co-evolved
interactions of tropical forest plants and their pollinators and dispersal
agents indicated above, it is not surprising that destruction or degradation of
the forest ccosystem generally has at least indirect negative effects on
desirable species. Conversely, attempts to grow desirable species in
plantations often have litrle success, due to missing elements of the
intricately intervoven natural ecosystem. For example, Brazil nuts
(Bertholettia excelsa) are harvested almost exclusively frem wild trees.
Attempts to grow Brazil nuts in commercial plantations have been largely




uvnsuccesstul, with low fruit yield probably due to the failure of a pure sterd
of Brazil nuts to provide adequate sustenance for the needed specialist
euglossine bee pollinators during the part of the year when Brazil nuts are rot
in flower. From an ecological perspective, it seems obvious that manapement so
as to obtain valuable products like Brazil nuts from the structurally iuntact
forest is critical to any sustained use of most tropical forests nn poor soils.

For this to he possible, new markets nust be found for new products, a
daunting task. Yet, remember that most of the biotic diversity of the world
occurs in tropical rain forests, especially in the Neotropics, while at present
most of the world's useful plants are non-tropical. There can he no dcubt that
the many spacies waiting to be discovered in tropical rain forests include many
of poteatial comwercial value. The trick is to look for and learn to use this
sustainable natural diversity rather than destroying it for unsustainable
agriculture., Many examples of unrealized commerical potential in native
Amazonian plants have been discovered in the course of this AlD-sponsored
fieldwork,

1 hope thart the examples noted below are adequate to indicite the
indubitable but unrealized commerical potential of many Amazonian plants. Given
this porential and the fact that cutting down the forest to grow crops or create
cattle pastures had never been demonstrated to result in & long-term sustained
yield oun wost Amazonian soil types without artificial fertilization, it seems
clear that alternate approaches to clear-cutting should be investigated. Land -
use schemes must be developed that will result in sustainable profit without
squandering the valuable biological capital censtituted by the intact rain
forest.

The one-hectare tree plot on cxtremely nutrient-poor sandy soil suggests
hints for how such schemes can be made profitable. Hevea, the rubber tree, is
the second commonest tree species on both of the one-hectare tree plots on
extremely peor sandy soil analyzed. Natural rubber is currently the
fourth-largest agricultural export from the Third World. By 1990, annual global
demand for natural rubber is projected to boom from today's 3.5 million ctous a
year to 6 million tons a ycar, an increase that cannot possibly be supplied by
Southeast Asia's rubber plantations. Nor can synthetic rubbers be substituted,
since the new higher-quality tires now being produced require from 407 (car
radials) to 957 (the Challenger space shuttle) natural rubber. In view of this
plcture, how insane it would be to cut down valuable forests rich in Hevea to
replace them with uasustainable agriculture--yet many have talked of doing that
in the Palcazd Valley. Instead, why not concentrate on developing a market
infrastructure that will make it possible to harvest this valuable product from
the structurally intact (and thus sustainable-vielding) forest?

These extremely poor-soil areas where Hevea is so prevalent provide an
excellent case for forest use rather than destruction, since even the nost
blindly optimistic agronomist must concede their low agricultural potential.
Taking the one—hectare tree plot at Mishana, near Iquitos, as an example, it is
easy ro document excellent economic possibilities for the intact forest. The
commonest specles is the palm Jessenia bataua (38 trees, not counting several
cut down by wasteful local fruit gatherers) which provides the widely used
oil-rich ungurahui fruit that 1s now being widely pronagandized as an important
new oil source. The second most common tree is Hevea (31 trees). Also common
are two species of Mauritia (one the fifth commonest species), a palm with a
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widely consumed fruit that makes the favorite ice cream flavor of Iquitos and
whose export to Japan for that purpose was begun last year. Also prominent are
13 species of Myristicaceae (five of them amonyg the 20 conmonest species);
Myristicaceae previde the major plywood lumber in Honduras (D. Hazlett, pers,
comn.) and a new plywood source to replace the depleted stocks of Ceiba
pentandra is desperately nceded in the lgquitos area. Mary latex or resin-
producing species of families like Euphorbiaceae (17 spp.), Sapotaceae (16
spp.), bBurseraceae (13~14 spp.), Apocynaceae (10-11 spp.), and Moraceae (18
spp.) are well represented. Several genera producing edible fruits and nuts are
present, like Carvocar (almendro), Eschweilera (castana), Rheedia, Persea,
Dialiun, Hymcné;Z“TEZJuar huayo), Inga, Pou{gama, Fugenia, Futerpe, Scheelea,
_5522357 and Parahancornia (narnnjo podrido, the most estcemad fruit eof the
lquitos region). Also well represented are alkaloid-rich lianas with medicinal
potential like Strychnos, Menispermaceae, and Martinella. And this is in a
single hectare! Of these, only a few of the fruit species are not locally
exploited, but there is clearly economic potential here.

Economic Plants

Since most of the world's biotic diversity is contained in the small
fraction of the earth's land surface covered by tropical forests, most of it's
usc‘ul plants and plant—derived chemicals should be expected to be found there.
Since this region is so rich and poorly explored, it is not surprising that many
potentizily useful new plants have been discovered during the course of our
investigations. Papers reporting two such discoveries made in the course of the
AID-sponsored fieldwork have already been written and copies previously
submitted to AID. Ore !s an cye medicine, the other an exceedingly promising
0i’ seed. Other similar discoveries are currently under Investigation in
various laboratories (e.g., a much sought anti-cancer bark that had several US$
cancer rescarch laboratories almost literally standing in line outside my office
{see attached letter for the first lab results); a plant whose bark may
constitute a new malaria cure; a placrt that selectively and effectively kills
crabs; 4 new genus of emergent Lauraceae with timber potential). Additional
exanples are given in the previously submitted reports.

Here we will orly reiterate data on one of the most exciting potential
economic plants and report on a second one that has not been previously
emphasized.

The Cucurbitaceae liana genus Fevillea has been noted in the ethno-—-
botanical literature as producing an emetic sced oil. Discovering that the
Campa Indians of Amazonian Peru use the oil-rich seeds as candles, we
investigated further and discovered that this plant has more oil per seed and

per fruit than aay other dicot. Moreover, there are several species of Fevillea

with different seed o0il compositions, and we calculate that, if the natd;ally
occurring lianas of an otherwise intact fcrest were replaced by Fevillea vines
producing fruit at their normal rate, the oil yield per hectare would be as
great as that produced by any extant oil crop grown in monoculture.

Desmoncus, a spiny climbing Neotropical palm genus, is the New World
equivalent of the rattans. In Southeast Asia rattans, mostly wild-harvested,
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are an important crop. In fact, rattan products account for $4 billion per year
and are the second most important -export (after timber) from Southeast Asia.
Some rattan work has long been done by local artisans at Tquitos using imported
Asian rattan. However, it was recently discovered that one of the local
Desmoncus rattans provides a fiber with better qualitices than those from Asia,
and at a fraction of the cost. 1In the last year or so, rattan wicker work based
on this species had become a burgeoning cottage industry around Iquitos. Since
the preferred specics of Desmoncus is » common second srrowth specices of
white-water inundated tahuampa forests, there is a plentiful supply of it in an
increasingly prevalent habitat. Perhaps a multimillion~dollar-a-year rattan
industry similar to that of Sourheast Asia is a real possibility.

Training Peruvian Botanists/Strengthening Peruvian Institutions

We have actively pursued a subsidiary objective of the ATD-sponsored
project--collaboration with the assistance to Peruvian researchers in expanding
the capacities of their institutions. Such help has ranged from assisting in
field ecology courses for advanced biology students at the Universities in
Iquitos and Cuzco to providing logistical support for travel and fieldwork by
faculty members of several Peruvian universities. Peruvian botanists who have
participated in the project fiecldwork include: Oscar Tovar, Blanca lLeén,
Joaquina Albion of the University of San Marcos; Angel Salazar and colleagues of
the Bosque MNacional Alexander von Humboldt; Franklin Ayala I'ltores, Doris Alfaro,
and colleagues of the University of Peruvian Amazonia; Washington Galiano and
several of his students from the University of Cuzco; and Mariella Leo from the
University of Florida (on leave from the Ministerio de Agricultura).
Collaboration with Peruvian scientists also included fieldwork with Sanchez Vega
of the Unversity of Cajamarca, Abundio Sagistegui of the University of
Trujillo, and various personnel of the Proyecto Ispecial Fichis-Palcazu.

In addition to logistical support, the principal investigator has
cenducted informal mini-courses in tropical plant identification for these and
other Peruvian htotanists whose own independent studies should be directly
benefited as a result. Identifications of plants collected by these botanists
as well as by foresters, cspecially those associated with La Molina University
in Lima, have also been carried out by the principal investigator.
Identifications of plants eaten by primates in various anthropological and
zoolugical investigations, especially those associated wita the IVITA Proyecto
Primatos program, based in Iquitos, have been an important contribution to
Peruvian scientific research. The principal investigator was one of the
featured speakers at the quadriennial Latin American Botanical Congress, held in
Peru in 1982, was invited to conduct a short course for anthropologists,
sponsored and funded by MAB anu UNESCO, in Iquitos, and gave a state-of-the-art
botanical overview for the First Humid Tropics Symposium in Belem. Such
invitations suggest that the kinds of studies being carried out under the AID
grant are appreciated and are making a real contribution to Peruvian science.

We contribute scientific literature, a very important resource, to the
collaborating herbaria and researchers, and to the Ministerio de Agricultura.
All project-related publications are sent, as well as the scientific journal of
the Missourl Botanical Garden and other pertinent publications. It is very

\h
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difficult for researchers at many Pevruvian institutions to obtain copies of
recent rescarch findings and we feol that contribution of this material is an
important step in building up the resources and capabilities of Peruvian
reseavch and teaching institutions.

As noted above, duplicates of the plant collections have been deposited at
two Peravian herbaria, adding significantly to the resources available to the
rescarchers working on the Peruvian tlora, The compilarions of photocopics of
the hevbarium specimens will be provided to the Proyecto Especial Pichis-Palcazu
and to the Musceum ov Natural History at the University of San Marcos in Lima, to
provide a portable palde to the plants of the Selva Central region when a
horbarinm is not available.

Conclusion

In closing, it is perhaps appropriate to summarize what we have
accomplished and what more we hope to do. Ve feel that we have been quite
successful in our overall objective of increcasing botanical knowledge of the
Selva Central region. Not only have we collected many new and new-to-Peru
species, but we have begun te bhave, essentially for the first time, a reasonable
idea of some of the specific kinds of environmental factors determining plant
distributional patterns in Peruvian Amazonia. We have discovered a number of
proviously unknown potentially useful plants and, surprisingly in view of the
licttle time clapsed since project initiation, some of these are already well
along in the testing, which could lead ultimatelyv to development of new
medicines and crop plants. Development of the interdisciplinary ties which have
made possible this rapid laboratory analvsis is surely one of the general
accomplishments of the project. Despite these positive results, it is clear
that we have only scratched the surface in our attempts tr. catalog and
understand the flora of Peruvian Amarzonia and its potential uses. VWhile we have
made much progress toward these goals in the three years of the project, it is
increasingly apparent that very nuch more remains undone. We hope that
subsequently we will be ahle to obtain further funding so that exploration for
new plants and new uses for those plants can oe continued while the promising
leads discovered so far can be followed up, and the new knowledge of plant
distributions converted into more effective land use planning.

.\
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CARCER RESEARCH INSTITUTE
AHIZONA STATE JNIVERSITY TEMPE, ARIZONA 85287

G R OPETTIT, OIRECTOA
AND PROFESSOR OF CHEMISTRY

October 1, 1984

Dr. Al Gentry

Director

Missouri Botanical Garden
P.0. Box 299

St. Louis, Missouri 63166

Dear Dr. Gentry:

We just completed the first biological evaluation of your Tabebuia impetiginosa

in ou. P38& lymphocytic leukemia cell line laboratory. One of the initial
separations gave a crude mixture wlith a P388 EDs approximately 10 pg/ml
which indicates marginal activity. So we are proceeding ahead with the
in vivo studies and as I mentioned earlier, in some months we will have a
better appraisal. However, 1 now feel that we should pursue this problem
and wonder about the availability of some 200 lbs of bark and a similar
quantity of the heartwood.

Again, my thanks for pursuing these matters and I look forward to hearing
from you.

Cordially,

G. R. Pettit
GRP/mb

cc: Dr. James Duke

{ ™~
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24 March 1984

Dr. James Hester

Chief Environmental Officer

LAC /DR

Room 2252

U, S. Agency for International Development
Washington, DC. 20523

Dear Dr. Hester:

This letter is in lieu of a formal ¢ months progress repo:t for the

period 1 October 1663 to 31 March 198k, Since a midproject report sumar-
izing the results of ell field work completed to dale has Just been com-
pleted (copy enclosed), it seems rether redundant tu try to separate out
that portion of the work comrleted during the last six months es a separate
report. During this period ko*in Foster uspent two months in the field in
Peru, Al Gentry spent 1 month in the field in Peru {plus an additional weck
teaching a tropical botany mini-course et the University of Cuzco), and
Dzvid 3mith and Rodolfo Vasquez continued with full time {ield work.

In view of the incresasing ATD emphasis on preservation of biological diver—
sity, it should te noted that one activity undertaken during this six

month period was a study of the nabitat of the highly endangered yellow-
teiled wcolly morkey, the largest endemic Peruvian animal, a species that
had bteen thought to be extinct for over 50 years until its recent re-dis-
covery. This included field work by Smith in the Venceremos area, in
conjunction with Peruvian zoologist Marielle Leo,end a 1000 m? vegetational
sample by Gentry and Smith during February. The preliminary results of
this analyrsis are mwost siriking in that the vlant species diversity of

this 1900 m eltitude site in the "cejla de la montafia" is much higher than
anticipated et such & high altitude. The preliminary indication from this
resull is that some kind c¢f causal connection may exist between the unusually
rich vegetetion and the unusual occurrence of this striking primate, which
has the highest altitudinal range of aay neotropicel monkey.

The mest exciting outcome of the AID-supported botanicel investigation
during the last six menths has been additionel analygic of the properties

of Fevillea, our promising oil seed discovery. On a per-seed or per-fruit
basis this would appear to be the richest oil source yet reported and our
preliminaery celculations suggest that it might be possible to grow Fevillea
vines as a commercial oil crop inside the intact reain forest with an entic-
ipated troduction equivalent to other oil crops which must e grown in
cultiveted fields. Contact has been initiated with St. louis-based Ralston-

Biar' <t ¢ P. 0. Box 2939
Prew il ‘t‘:-‘: St. Louis, Missouri 63166
> 5&9 2 0 '% 314 5775100



Purine to further study the properties of Fevillea as an edible oil and
potentially to develop field trials and agronomic testing in Peru in
connection with that company's Peruvian subsidiary. A preliminary draft
of & menuscript reporting the discovery of the oil seed potential of
Fevillea is enclosed.

Rodolfo Vasquez is currently in St. Louis for six weeks of herbarium
work and research funded by a grant from RARE (& World Wildlife %und affil-
iate). This grant is specificelly ear-marked for helping train a Peruvian
biologist who is expected to contribute significantly to conservation on
his return to his own country. During Vasquez's stay here, we have been
collaborating on several reports focusing on the interface between econo-
mics and conservation in Amazonian Peru. A copy of the first of thése,
on the mismanagement of Ceiba as a natural resource, is also appended.

Sincerely,

ol e

Alwvyn H. Gentry
Associate Curator

e



Missouri ' , E,
Botanical ‘
Garden

4 April 1983

Dr. James S. Hester
Chief Environmental Officer
Bureau for Latin America
and the Caribbean
Agency for International Development
AID
Washington, D. C. 20523

Dear Dr. Hester:

Enclosed please find the six month report for ATD grant DAN-55L2-G-
88-1086-C0, I hope that you will find it satisfactory. Please note

that specific data on David Smith's most recent activities are apparently
delayed in the mail between Lima and 5t. Louils. Therefore some of what
he has accomplished during the September 1982-March 1983 period may have
tJd be reported with the next six month report. We have desmed it more
important to e prompt with this progress report than to wait for the
complete report of his activities from Peru.

Thank you for your support of this research.
Sincerely,

atg

Alwyn H. Gentry
Associate Curator

P. 0. Box 299

REC'd 'n SC', -SEP 2 a '988 St. Louis, Missouri 63166

314 5775100



SIX-MONTH PROJECT REPORT ~- September 1982-March 1983

USAID

This constitutes a2 six month progress report of AID grant No. DAN-5542-G-SS-
1085-2C. This revort covers the period September 1982 to March 1983.

Project field work during this period has inc’uded full time plant cullecting
by residert colle>tors David Smith and lodolfo Vasquez, a two month field trip
by Research Associate Robin Foster and a morth and a half of Peruvian field
work plus supplementary herbarium study by principal investigator Alwyn
Gentry. 1In addition to a continued focus on intensive general collecting and
plant exploration throughout the upper central Amazonian region, we have
initiated several more specific studies including setting up two permanent
tree plots and several 1000 m< samples to quantify species ccmposition and
diversity in different regions.

Areas in which plant collections have been made during the current six month
period include the Oxapampa-San Ramon-Villa Rica area with major collections
from 2000 to 3000 m on Cerro Pajonal in the Cordillera Yanachega (Smith, Fosier),
the cordillera west of Oxapampa in montane palm forest and up to 2800 m near
the upper limils of "ceja de la selva" (Smith, Gentry, Vasquez), the Rio

Cacazu along the in-construction part of the Villa Rica-Puerto Bermidez link

of the Carretera Marginal (Smith, Foster), and the Chontabamba Jalley near
Oxapampa (1800 m; Smith, Gentry). We also worked in the lowland part of the
Rio Pozuzo valley (Smith and Gentry near Pozuzo; Foster 8 days around Codo
Pozuzo) aud the Pichis Valley (Smith several trips, Foster 16 days) including
the low hilis on the valley floor near Puerto Bermﬁaez, alluvial fans from the
San Matfas range at Santa Rosa de Chivis, and the Cordillera de San Matfés, in-
cluding the cloud forest along the 1000 m summit ridge. Further out into the
Amazonian lowlands, collecting sites included the Rfo Pachitea Valley (Smith,

2 trips; Foster 1 week) with field work around Puerto Inca and Sungaro and
th%.Bosque von Humboldt terminus of the Carretera Marginal 86 km W of Pucallpa
(Vdsquez, 1 week). Vdsquez also collected in the Huallaga Valley (Yurimaguas

area), around Iguitos (in part with Gentry), on the Rio Napo (Quebrada
Sucusari}, at Gsnzro Herrera on the Rio Ucayali, and at a number of sites in
the Ecuzdor berisr region, especially around Andoas and on the Rio Tigre. In
additicn ¢ working in the Selva Central reginn, Gentry collected during this
six menin perisd on the Rio Nanay near Mishana, the Rio Napo near Negro Urco

(a previcusly tcizlly unbotanized region), and on the Amazon itself at Yanamono.
In additicn,a nuzter of short, mostly one day, field trips were made to such

other sites as the Chilves arca above Vitoc (bentry, Vésquez, Smith) to document
the flora of a forest -emnant from which Juglans ("nogal™) is still being
actively extracted (1400-1500 m), the interAndean valley of the Rio Colorado
(600 m; Gentry, Smith, Vasquez) which turned out to have many disjunct dry
forest elements including some species previously unreported for Peru, and the
Tulumayo Valley (Smi:th, Foster) wherc collections were made in lower montane
forest above Esperanza and in an almost pure forest of Podocarpus at 1800 m

at Rondayacu above !ldonobamba. A one week collecting trip was also made by
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turned out to include nc less than three genera previously unreported from
Peru,

Not only is discovery of new species and new distributional records of impor-
tance in order to document the Peruvian flora. Perhaps even more important
in many cases 1s re-collection of already~described species which have been
SO rarely collected that the application of an o0ld name has remained obscure.
of taxcnomic rules of priority,accounting for such old names is
2y Imperiznt in order to stabilize nomenclature and avoid the necessity
of ccnluzing nzme changes. The area of Peru in which we are vorking is
espscially imporiznt in this respect, due to the collections made there in the
late 1700's by Fuiz and Pavon, especially in Lhe Pozuzo area. A number of
species collected by Ruiz and Pavon are not known ever to have been collected
again. However, in many of these cases the same plant species has undoubtedly
been re-collected elsewhere and given @ new name. This has happened in part
due to sloppy taxonomy =und in part because the Ruiz and Paven coliection
at Madrid is not readily accessible to many botanists and also because some of
the important early Peruvian type collections were destroyed in Germany during
the second World VWar. Complete collections from the areas visited lecng ago by
Ruiz and Pavon will help immeasurably in figuring out whot plant species they
wvere trying to describe and thus in the stabilization of taxonomic nomenclature
not only for Peru bul for all of the Neotropics.

An example of the far-reaching consequences of these somewhat esoteric points
comes from a species described from a Ruiz and Pavon collection from "Peru" as
Ingu stipulacea. There is apparently no extant type collection and there

are two closely related spocies to which the description could aprly. Both

of these species are known mostly from Ecuador, one from each side of the
Andes. Bat to which species does the name Inpga stipulacea apply? Our trip

to Pozuzo in February resolved this problem, since the cis-Andean species of
this complex was found to be so common at Pozuzo, e locality extensively collected
by Ruiz and I'avon, that it scems unlikely that they would have overlooked it.
Clearly the cis-findean species is the real Inga stipulacea; accounting for
this name makes it possible to describe Lhe comctal Ecuadorian plant as Inga
Jaunechensis A, Gentry,

Several potentizl =conomically important plants discovered during the first

year of totaniczl exploration have been noted in previous reports. Follow up

work to evzluats the rotential of thesc is being conducted in several laboratories
in the US, £ddiziznzl material of Fevillea, a cucurbitaceous liana with possi-
biliiies as

=

was obtained during the current six month period and

.d

€7 21l se=d,
will be turned over to Dr. Eugens Schultz of the Technology and Human Affairs
Depariment of ths Washington University School os Engineering, making possible
more complete testing of its potentiel,

We have elso discovered another economically promising plan. during the
current six rontn peridd., Martinella obovata is a liana species of Bignoni-
aceae that  occurs not only in Amazonian Peru but from Belize to Bolivia and
Brazil. Ve have recently documented several instances of use of the roots of
this plant, and of its congener Martinella iquitoscnsis, as an eye medicine by
various indigenous groups in Peruvian Amazonia. Further investigation reveuals
the following incredible documentation of the efficacy of this never-before-
noted use of a poorly known tropical forest species. We have located 15

W



Although the Pichis and Palcazu Valleys are both covered with low hills, the
vegetation of these two valleys differs markedly. From all the plant indica-
tors, the hills of the broad Pichis Valley have richer soil and support

greater plant productivity. Neverthcless thé€y ure apparently much more subject
to strong winds than the more protected Palcazu, since the forests of the
Pichis veliey seem to be in a natural state of turmoil. Observations from the
5525t that thic persnnial disturbance is not limited to the few sites

a ccurs throughout the tasin down to Puerto Inca on the east side
‘¢, The alluvial fan floodplain of the Rio Pozuzo from its exit
ins below Pozuzo to 1ts junction with the lower Palcazu has a

n
L5
a suZgasting hiph relative productivity.

The Palcazu valley (except the narrow flood plain) stands out among these lowland
areas of the Selvz Central in having unusually impoverished soil, but an ex-
ceptionally high forest. Perhaps the height of the forest is related to the
protection proviaed by the adjacent mountains, or perhaps the greater tree
stature is related to a relatively low level of disturbance associated with
slover tree growth (end tree fall) in a lecss productive environment. ¥Five to
ten km NiE of Cods Pozuzu the alluvial plain of the Rifo Pozuzo suddenly ends

in the steep 10-20 m tall wuall of an ancient wlluvial terrace. The Tlora and
vegetation of this terrace is dramatically different from that of the adjacent
flood plain and indicative of low nutrient status. This terrace shares with
similar terraces zlong the Palcuru many rarely collcected plant species, some

of which ure more typical of highe.s welter areas such as the San Matias ridge
crest. Another feature of these terraces 1. that they have the highest densities
of "tornillo" (Cedrelingu catenacformis, the most important timber tree of the
lowland Selva Central).thal we have obscerved. An obvious conclusion from these
observations is that cultivation of these apparently poor soil terraces should
be discouraged and that controlled lumbering of tornillo could be the most
appropriate ultimute laud use Tor most of the Palcazu and adjacent regions of
the Pozuzo,

Judgi: o from its eppearance from the air *there may be another quite different
poor ¢oil erea 1: the Selva Central region. At any rate the forest on the

low niils 1rom rozr the base of the Serrania del Sira up to the Llullupichis
looks distinctive &nd very likely reflents a much poorer soil. We have not yet
collected in thi:z region, which is of limited area but might be worthy of

speclzl censervet?-ral consideration if the flora does turn out to be distinctive.

Zen Matfas is an abrupt anticlinzl fold between the Pichis and

~ndean cordillera. Duc to its shape, a much greater diversity
im2stones, sandstones, red clays, etc.) is exposed on the

¢ east where we have conducted moct of our field work. The
most distinctive change along the east side is a broad band of somewhat sandy
soil eabout halfway up the ridge characterized by higher densities of rubber
trees (Hevea), Repatca.(Rapateacewe), numerous small palms and the fern Schizsea
elegans. This floristically distinct vegetation type is not discernable from
the air. The two side ridges of the San Matias system which we have botanized
to date had similar soil characteristics and exposures but many species different
from each other and noticeably different relative abundances of most of the

o
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permanent plots with all trees over 10 cm dbh. marked, measurcd, and iden-
tified (or collected for herburium identification). In addition to the plot
at Oxapampa (1800 1), we have completed a 1 ha. plot on the Rio Nanay in the
Amazornian lowlands and are beginning another one near Puerto Bermidez.

1 theoo plots, besides providing quantitative floristic date,

e possible analysis of rates of turnover and recruitment. Some
(currently deluyed in the mail somewhere between Lima and St.

revorted more fully in the next project report.

We have 2ls0 ma rrogress in the subsidiary project objectives of training
Peruviau totanis<s and providing identification assistance to other researchers.
During the current six month period two young botanists from the Universidad
de San Marcos -- Blanca Ledn and Joaguina Alban-- spent substantial amounts
of time in the field with project personncel. As a result of this association,
both have had the opportunity to learn many lowland plant genera as well as
much tropical natural history and ecology. Rodolfo Vdsquez has similarly
provided instruction for many students from the Universidad Nacional de
Amazoniua Peruana in the Iquitos arca. Plant identifTications have been pro-
vided for the herbarium of the Universidad de San Marcos, the Universidad
Nacional de Amazonia Peruana in Iquitos, the Provecto Peruuno-Aleman in Sar
Ramén, Ly Molina University, Proyecto Mspocial Pichis-Paleazu, J. Gasché and
his French Anthropological team, zoologists associzted with the Iquitos-based
Proyecto Primatos, and oiliwers.

Some specific exunples of significant identificetions provided during this
period include that of Calatola (Icacinaceac) for medical botanist Walter
Lewis, who had previously thousht the plant to belong to the quite unrelated
family Nyctaginacoae. This plant i3 important in Tolk odontology among some
of the Indian tribes cf Amazonian Peru and its anticaries properties are now
being investigated by the Washington University school of dentistry. There is
no previous record of such a use for any member of lcacinaceae. Another iden-
tification of special interest is that of a formerly important timber tree of
the Oxapampa regizn as Huertea glandulcsa of the Staphyleaceae. There are
apparently no provious records that this ponus, or even its family, produces

a useful hardwoci, Proyecto Pichis-Palcazu personnel, who are interested in
using this usef) native trec in reforestation, had previously only been able
to guess thazl 11 might be some kind of Meliaccae.
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A BOTANICAL INVENTORY OF THE EASTEF N SLOPE OF THE ANDES OF CENTRAL PERU
MID-PROJECT REPORT "™~

As we have now completed two-thirds of the tenure of the present AID grant (No.
DAN-5542-G-55-1086-00), it is appropriate to summarize what we have
accomplished and what more we hope to do. We have been successful in our overall
objective of increasing botanical knowledge of the Selva Central regicn. Not only
have we collected many new species and range extensions, but we are beginning to
have, essentially for the first time, a reasonable idea of some of the specific kinds
of environmental facters determining plant distributicnal patterns in Peruvian
- Amazonia. We have discovered a number of potentially usefu! plants and,
surprisingly, in view of the little- time elapsed since project Initiation, some of
these are already undergoing the testing which could lead ultimately to
development of new medicines and new crop plants. Development of the
interdisciplinary ties which have made possible this rapid laboratory a.nalysm is
sur2ly one of the general accomplishments of this project. :

We have also initiated collaborative ties with agencies and institutians in Peru
dealing with timber resources in an effort to clarify taxonomic identiilcation, an
img ortant first step in utilizing tropical trees for timber. An additior.zl objective
oif Lhe project, training Peruvxan botanists and providing identification assistance
to othar researchers, has been an active part of the project since the beoinning In
addition, several publlcatlons have resulted from the AID-supporied wark and more
will follow in the coming year. :

ORGANIZATICON OF THE COLLECTING PROGRAM

‘ost of the f{irst three-month period was spent® in organizational work, which
included hiring David Smith of Iowa State University as a full-time resident
collector, Robin Foster, Missouri Botanical Garden Research Associate, as part-
time collecter, and Rodolfo Vdsquez M. of Iquitos, Peru, as full-time -resident
collzctor in the Amazonian region. During this time, wa acquired collecting
supplies and workea out the necessary permits and pnmcd arrangements in Peru.
A wide scope, long-term (6 years) Convenio between the Missouri Botcn_\cal Garden
and the Ministerio de Agricultura was signed, whica not only approves the plant
coliecting work of the project, but essentially designatzs the principal investigator
of this project as coordinator of foreign plant ccllecting acitivites in Faru for the
duration of the agreement. In February 1982, full-scale fieldwork was begun with
the princizal investigator and resident collector, Dzvid Smith, making a joint field
trip to Peru. '

The initial year's collections from the Selva Centiral reziod have been m=-untad, had
d'phcaes distributed to available taxonomic specialists,” and many have had
species determinations recorded on the original herbarium specimens. A notebook
of nhotocopies of these initial Selva Central area specimens has beer: compiled.

Crhe  copy oi this reference book, which should pravide a novel mezar:s for rapid
plznit ideniifization, will be provided to the Proyecto Zspecizl Pichis-Falcazu and

another copy will be maintained by David Smith at the Museum of Nztcral History
of the University of San Marcos in Lima. As additional collaections are identified,
these loose leaf notebooks will be updated, eventually providing a handy means for
ready identification in Peru of the plants of the Selva Central region. Duplicates
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Rondayacu above Mcnobamba in an almost pure forest of Podocarpus at 1800
™. ;

About 80,000 specimens (20,000 collection numbers) have been coliected to date.
ECOLOGICAL STUDIES AND LAND USE PLANNING

In addition to & continued focus on intensive general collecting and plant
exploration throughout the upper central Amazonian region, we have initiated
several more specific studies. These include setting up four permanent tree plots
of one hectare each and severa! additional 1000 square meter samples to quantify
species composition and diversity in different regions. During his 1982 field work,
Robin Foster concentratied especially on ecoiogical analysis for land use planning.
After two years of hotanical work-and plant collecting in the Central Peruvian part
/of Arnazonia, we have accurnulated enough knowiedge of the region's flora to begin
to address an important objective of this project: 1o survey the floristic
composition of the various vegetation types of the region from the wviewpoint of
selecting indicator species for these vegetation types, and, ultimately, using this
_survey capaoility and floristic data base in land use planning. A general summary
of sorme of our preliminary conclusions with resnect to the main vegetation types
of the region follows.

Although the Pichis and Palcazu Valley~ are both covered with low hills, the
vegetation of these two valleys differs markedly. From all the plant indicators,
the hills of thz broad Pichis Valley have richer soil and support greater plant
productivity. Nevertheless, they are apparently much more subject to strong winds
than the more protected Palcazu, since the forests of the Pichis Vallav seem to be
in a natural state of turmoil. Observations from the air suggest that this perennial
disturbance is not limited to the few sites visited, but cccurs +nroughout the basin
down to Puerto Inca on the east side of the Pachitea. The alluvial fan ;loor‘p@m of
the Rio Pozuzo from its exit from the mountains below Pozuzc to its junction with
the lower Palcazu has a similar flora suggesting relatively higher produ<tivity.

The Palcazu Va! e) (except the narrow flood plain) stands out among these lowland
areas of the 3elva Central in having unusually impoverished soil, but an
exceptionally high forest. Perhaps the height of the forest is related 1o the
proiection provided by the adjecent mountains, or perhaps the greater tree stature
is related to a relativel,' low level of disturbance associated with slower tree
growth (and tree fzil) in a less productive environment. Five to ten km NE of Codo
Pozuzo, the aliuvia! plain of the Rio Pozuzo suddenly =nds in the steep 10-20 m tall
wall of an ancient alluvial terrace. The vegetation of this terrace is dramatically
cifferent from that of the adjacent flood plain and indicative of low nutrient
status. This terrace shares with similar terraces along the Palcazu many rarely
collacted pizant species, some oi which are more typical of hignher, wetter areas
such as the San Matias ridge crest. Anotnar feature of these terraces is that they
have the highest densities of "tornillo" (Cedrelinga catenzeiormis, the most
imporiant timber tree of the lowland Selva Central) that we have obsarved.

Judging from iis eppzarance from the air, thore mzy b2 ancother gquits different
poor soil area in the Selva Central region. At any rate the forast on the low hills
from near the base of the Serrania del Sira up to the Llullupichis looks distinctive
and very likely reflects a much poorer soil. We have not yet collected in this
region, which is of limited area but might be worthy of specizal conservational

consideration if the flora proves to be distinctive.
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One of our hectare sample plots is at Cabeza de Monp.on the Rio Iscozacin in the
Palcazu Velley. This site, on poor sandy river terrace soil, is apparently typical of
much of the still-forested land in the lower and middle Pzlcazu Valley. It
constrasts strikingly in floristic composition with the remnants of rizher soil
vegetation along the actual river margins. Whereas rich soil species like Ceiba
pentandra occur along the river edge, they are conspicuously absent from the
upland :.rest back from the rivers where such poor soil specialist: as Iriartella
setigera and Aspidosperma are prominent instead. The implication ox this floristc
difference appears to be that the long term success at cattle raising by many of
the German settlers in the Palcazu Valley should not be taken to indicate that the
whole valley could be converted from forest to productive cattle pasture. Most of
the fertile soils bordering the rivers which can sustain pasture have already been
converted to that use. Farther upstream at Loma Linda where the Palcazu runs
out of the more broken Andean foothill country, a recent attempt has been made
by the indigenous Amuesha community to set up a cattle raising operation on the
highiy dissected lateritic hills away from thz river floodplain. The soil is too poor
for good pasture (as could have been predicted from its natural vegetation) and the
cattle are barely able to eke out an existence on kudzu vine.

On the other hand, our transit of the San Matias cordillera revealed an cutcrop of
rich limestone and limestone-derived soil part way up the western slope of the
Cordillera. We were not the first to discover this richer soil area: despite being far
from the setilements along the river and several hours' hike from them through
little disturbed forest, the part of the limestone region we saw is mostly second
growth from old chacras. It is likely that this band of soil, which sho:zld be easy 1o
recognize by its distinctive flora, extends the whole length of the San Matias. This
seems an excellent target acea for intensive agriculture, rather than the sandy
river terraces and lateritic hills where rich natural forests are currently being
converted rapidly into substandard chacras and pastures.

Our hectare sample plot at Cabeza de Mono gives a clear indication of the timber
potential of the sandy river terraces which predominate in much oi the Palcazu
Valley. The commonest large emergent tree in our plot is Cedrelinga
catenaeformis, or “tornillo", a species of the legume femily which produces a
timber similar to thzt of Cedrela. Since mahogany and "cedro" have now been
largely elirninated by overintensive exploitation through much of Amazonian Peru,
“tornillo" is rapicly becoming the main timber wood of the Selva Ceniral lowlands.
That such a valuable timber wood is so common in the poor soil Palcazu fcrests
suggests that a weli-planned program of commercial exploitation might provide a
sustainable r2ssurce of much greater valve than the poor quality crops or pastures
which could be grown here were the forest cut. Moreover, Cecrelinga shows
abundant regenerztion in the undisturbed forest, renging in diarneter irom giant
emergents over 100 cm dbh. through intermediate size classes to smzall trees 10 cm
dbh. end less. Aliogether there are eizht trees of Cedrelipez over 10 cm dbli. in cur
szmple hactare, mzaking this one of the commonest spacics in this wvery diverse
forast which we antizipzte will prove to have a total of about 185 tree species wnen
zrbarium indentifications of the voucher specimens of taxonomically problematic
groups are compieted.

Our discovery ihat Cedrelinga was in full fruit throegh much of thz Selva Central
region at the end of October, 1982, is another important observation which resuizad
from the field work. Since this is the region's major timber iree, sever

reforestation projects working in the region have been trying, unsuccessiully, to

locate seed fecr use in reforestation. No information on the reproductive phenology




patterns caused by El Nino.) The now annual havec caused by such extreme ﬁouding
along rivers like the Amazon and Ucayali provides an urgent warning that
conservation and careful Jand use planning are essential if new areas of the L,emral
Amazonian region are to be commercially developed.

ECOLOCGICAL STUDIES AND BIOLOGICAL DIVERSITY

Another important benefit of the program of ecological sampling, now beinz made
possible for the first time in Amazonian Peru as a result of the increasing floristic
data base provided by the ongoing field work, is the ability to measure bloloolcal
diversity. Based on a series of 1000 square meter samples of all plants over 2. 5cm
dbh., we have suggested previously a linear relationshinp between plant community
diversity and precipitation—i..2 wetter- the forest, the more spacies it has.
However, the additional 1000 square meter samples now available from Amazonian
Peru suggest that this relationship only holds for annual precipitations of less than
4000 mm a year. At about this value the species diversity/precipitation curve
reaches an asymptote and all wetter lowland forests, right up to the wettest place
in the world in Colombia, have similar species richness.

The hypothesis that the wettest lowland forests are the richest in species diversity
focuses on Amazonian Peru as a repository for an exceptionally farge fraction of
the earth's total evolutionary heritage of plant species. Indeed our hectare plots
show that the wettest Peruvian forests near Iquitos are by far ihz richest in the
world, contrary to the extan: scientific literature which makes ~hat ciaim for the
dipterocarp forests of SouuhnasL Asia. While the results are highly tentztive
pending tho results of herbarium analysis of the vouchers, the tentative figure of
about 300 tree species out of 60C individual trees in the study site at Yanamono is
impressive indeed. Even the estimated 135 species at Cabeza de Mono compeares
fevorably witn the richest Asian forests and is more diverse than any previously
repor ted neotropical forest. Thus, from a conservational viewpoint, the incredibly
species rich ferests of Amazonian Peru, -which we are only - now beginning to
document, merit worldwide emphasis. Moreover, such a diversity of plant soecies,
mazany of them as y=t unknown to science, adds strength to the argument that the
forests of Peruvian Amazonia are likely to include many plant species with novel
useful chemical cormnpounds or other unsuspected economic significanca,

COLLABORATION
Identification service to Peruvian forestry agencies

In addition to the basic plant collecting and survey work, the project providss a
much needed plant identification service to many groups interested in the Central
Amazonian and "czja de la selva" regions of Peru. This collaboration resulted in
identifving for the f{first time several previously unknown and commercially
i"w,;). ant or potentially important snecies. For example, a fast-growing tree of
the Ovaﬁa*1;>= ar2a known as ”no:~u blanco" was idantified as Cordia zlliodora.
This tree is well known as a valuabie timbar tree in othar parts oi the neotropics
and is being consicared for reforestation wark by Dr. Antonio Brack of the Pichis
Palcazu project staff. Thea tree had been misidentified as belonging to Annonaceae
by the local specialists in dendrology and forest- consulted by Dr. Brack. As a
result of discovery of the correct name and thus the possible timber potential of
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also provided for various zoologists associated with John Terborgh in studies of the
fauna of Cocha Cashu Biological Station in Manu Park and for another Peruvian
primatologist, Marlene Ramirez, studying Sanguinus mvstax on the Rio Blanco.

Idern“ification service for ethnobotanical studies

We provided a significant identification, that of Calatola (Icacinaceae), for medical
botanist Walter Lewis, who had previously thought the plant to belong to the quite
unrelated family Nyctaginaceae. This plant is important in folk odontology among
some of the Indian tribes of Amazonian Peru and its anticaries properties are now
being investigated by the Washington University School of Dentistry. There ic no
previous record of such a use for any member of Icacinaceae.

DISCOYERIES OF PLANTS WITH POTENTIAL ECONOMIC SIGNIFICANCE

Several potentially useful plants have been discovered during our first two years of
botanical exploration. An especially exciting discovery of a vine, Fevillea
cordifolia, with real economic potential was reported during the first six months of
this project. It had been reported that the seeds of an unknown "tree™ species of
the Pichis-Palcazu region burn with a clear blue flame and are used by the Campas
Indians in place of candles. We have identified the plant in question as Fevillea
cordifolia, a member of the Cucurbitaceae (squash family). Moreover, consultation
with Dr. Eugene Shultz at Washington University in St. Leuis reveals that the
property of burning with a clear flame is very rare in _..eds and indicates unusual
richness in natural cils.” Seeds of such unusually high oil content are beinz actively
investigated by the Center for Development Technology of the Technology and
Human Affairs Department at Washington University in an attempt to find new
alternative fuel sources. Thay are extremely interested in the Peruvian Fevillea as
a poteantial fuel source. Not only are Fevillea seeds apparently extremely rich in
oil, but they are also extremely large, probably the largest seeds of any
Cucurbitaceae. Furthermore, the vine is fairlv common in riverine habitats (where
the unusually large seeds are probably associated with water dispersal), produces
fruir prolifically, and is capable of growing in the secord ‘growth or forest edge
habitats which are becoming increasingly prevalent throughout the tropics as the
rain for :st continues to be destroyed at a rapid rate. Investigations of the oil
content of these seeds are now underway at Edwin Cooper Labs in St. Louis. The
large size of the seeds, high ratio of seeds to fruit, high oil content of the seeds,
and capability or growing the vine on second growth forests make Fevillea a likely
plant to develop as a new crop.

We discovered another economically promising plant during the first half of the
project. -Martinella obovata is a species of Bignoniaceac (catalpa family) that
occurs not only in Amazonizn Peru but from southern Mexico to dolivia and Brazil.
Recently, we have noted several instances of the use by various indigenous groups
in Peruvian Amazonia of the roots of this plant, and of its congener Martinella
iguiiosensis, as an eye medicine, a use never before documented. Furiher
investigation revealed compelling confirmation of the efficacy of this pooriy known
iropical forest ~pecies. We have located twenty-three records of the medicinzl use
oi Martinells by various iribes. These recerds, mastiv gleaned from herbariun
specimens (many of which were unidentified, some aven to family), couid be
compiled only through the taxonomic expertise of the principal investigator.
Together they record use of Martinella, always the roots and always as an eye
medicine, by more than I3 different ethnolinguistic groups in eight different
countries of northern South America. That widely divergent . indigencus




process of being described from Peru, including one from the Selva Central region
that represents a genus new 10 Peru as well (Geissospermum). The genus
Aspidosperma provides an excellent exarnpie of how poorly known are the plants of
this x~,,,10n. Only three species of the genus were known to occur in Peru
in 1955 w the Flora of Peru treatment was written. We have collected e,2ven
agditional species, including at least one new one, almost quintupling the known
Peruvian species. Yet many species of this genus are commerical tirnber trees and

one section of it (series Nitida="remo caspi") is generally esteemed throughout
Peruvian Amazcnia as the raw materiael from which canoe paddles are made.
"Remo caspi" trees have such deeplv convoluted trunks that sections of the thin
projecting trunk portions can simply be cut out in the outline of a paddle with the
additional advantage of being very strong. One Selva Central species of
Asoidosperma that we discovered may be of special physiological interest: It has
bd:}‘ bright red and white latex in the same twigs, a situation possibly unique in the
- plz kmcdom. Onez of the "remo casni" type Aspidosperma species with deeply
pzrutloned trunks is valued in Panama, where it is rare, for the table tops made
irom trunk sections. These are even exported to the U.S. Perv, with its wealth of
Aspidospermas (e.g., six trees repr<3>e>ntmg several species in the Czbeza de Mono
hectare, 28 trees representing about six species at Mishang) might well be able to
develnp a rnarket for this unique natural resource as well. Ing. Rios Trigosa at .a
Molinz, for whom we are providing identifications, is particularly interested in the
genus and its wood properties.

Another example of an =conomically useful Apocynaceae from Amazonian Peru is
orovided by the tribe Carisseae, many species of which produce delicious fruits.
Tne most prized locally is that of Parzhzncornia peruviana, rmost inaccucrately
nzmed "naranjo pcdrido" ("rotten orange"), which is endemic to Peruvian Amazonia,
czcurring mostly on poorer soil types such as those at Mishana and Cabeza de
Nono. Althouzh "naranjo podrido" trees are large, they are regularly felled in
meay areas in order to nbtain the highly estcemed fruits. As a result, the species
is reoidly becoming scarce near many settled areas. Yet "naranjo podrido” fruits
272 30 delicious that they could easily be developed as an economicelly snguflcant
renewable resource harvested in a non-destructive manner or even grown in
slantztions. While this fruit is little known outside the campesino caserios of the
iowiand Peruvian forests, it is well known locelly. In conirast, a close relative,
locally @ven. more common on white sand soils near Iquitos, preves to be an
undescribed species, now being named as Ambelania occidentalis, the westernmost
rzpresentative of its genus. The fruits of A. occidezntalis are fairly similar to thos=
oI the "naranjo poxdndo", though less tasty, v, and are easily accessible as the tree is

smzll one. Perhaps the two are close enough La,.owo'mcal]y to be hybridized,
3:e tizlly combining the desirabie qualities of smAll stature and high quality fruit.

en 2 breeding program using either spacies alone could produce similar results
a2nd a2 new comrnercu.l crop.

n exceedingly obscure Apocynaceae vine, newly discovered o exist in
nizn Peru, was noted above as a potential latex source, it 1s zalso worth
zng that the original Peru "an latex p'oducor——thc- rubber tree, once the
v of the entire Amazonian ecowomy——xs one of the commnionest tree spacies
Cnoow poo. soil tree plots. Thare ave fifteen Heves trees per hectare in the
Paicezu Valley plot and twenty-one par nectare al bLilsnena, near Iquitcs. Thece is
ro evidance that any of these are being 1appad co-amercially, although rubber tree
latex is still purchased in Peru and recently has been :taging something of an
economic renaissance in Amazonian Brazil. It might be that the failure to extract
easily obtainable and readily marketable rubbar from the rather dense
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As noted above, duplicates of the plant coilections.have been deposited at two
Pcrqwan herbaria, adding significantly to the resources available to researchers

rorking on the Peruvian ﬂora. The compilations of photocopies of the herbarium
specimens will be provided to the Proyecto Especial Pichis-Palcazu.and to the
Museum of Natural History at the University of San Marcos in Lima, to provide a
p.rtable guide to the plants of the Selva Central region when a herbarium is not
available.

DUBLICATIONS

A number of scientific publications, several of general interest, have already

resulted either directly or indirectly from the AlD-sponsored research. These .

include a general overview of Neotropical floristic diversity, a proposed correlation
oi vertebrate locomotor patterns with newly . discovered intercontinental
differences in forest structure, and a note reporting the discovery that the obscure
and exclusively Peruvian genus Plagioceltis is in fact synonymous with Ambelocersa,
as well as descriptions of several new species.

Data irom the ecological studies formed the basis for a papar to be included in the
Peruvian Ministry of Agriculture's new book on Manu National Park, entitled "Some
p'eliminary results of botanical studies in Manu Park". A copy of that manuscript
( o be translated into Spanish prior to publication) is appended to this report since

any of its observation: of the flood plain vegetzation of the Rio Manu are relevant
to rich soil areas of the Szlva Central area. In fact, ine Manu forest is pkobc.bly
more like the original forest communities of the central Huallaga Valiey than are
th2 degraded remnants present in the Huallaga Valley today.

A paper describing the discovery of the use of Martinella as an eye medicine ds a .

result of the AID-sponsored Peruvian plant exploraticn has been submitted to ths
Journal of Ethnopharmacology. A copy of that manuscript is attached.

CCNCLUSION

As a result of the plant collections which are accumulating from this project,
floristic knowledge of the central Amazonian area of Peru has been increased
significantly. Some examples of especially interesting spacies discoverad during
*“.e course of the project include two families previcusly unreported for Peru—
viagnoliaceae with no less than three different species of Taleauma collected, at
ast cne of them apparently undescribed, and Drosera of the Droseraceae, the
cullar family of insectivorous pla'ns previously knswn ip the Andean region only
n Colombia. The dominant species of the forests above Oxapampa, so prevalent
.._=.t every ridge line visible from the town is cheracterized by the silhouettes of
this species, p-oves to be yet another genus new to D’-"“J, the palm Dictyocaryum.
Although tms species, used to construct the floors of campesino houses tnrouo"xom
area, _L_.‘:«_._ saost commen and one of the best kncan plznt species of the
" -,33. p: area, it had never been coilecied provicusiy. Thzat

~-zviously unknown from Peru underscores the coint that our Know:s

Feravian flora remains woeiully lacking.
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Missouri , . 5’

Botanical
Garden \J’

30 September 1982

Dr. James Hester

Chief Environmental Officer

LAC/DR

Room 2252

U.S. Agency for International Development
Washington, DC. 20523

Dear Dr., Hester:

Enclosed please find the six-month report on Grant No. DAN-5542-G-SS-
1086-00 for the period 30 March 1982 to 30 September 1982. Since the
report for the first six month period was submitted late, there is a
certain amount of overlap between this report and the previous one
durivz the period April to June which ended up covered in both reports.
We now have the time framework for reporting to AID firmly in mind

and you should be able to expect future interim reports at the scheduled
six month intervals,

If you have any questions, please let me know.
Sincerely,

A

Alwyn H. Gentry
Associate Curator

KMW Cook

P.O. Box 299
St. Louis, Missouri 63166
314 577 5100
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STX-MONTH PROJECT REPORT--March 1982-September 1982

USAID

This constitutes the second six month progress report of AID grant

No. DAN-5542-G-S55--1086-00. Since the first progress report was submitted
late, it included some of the work done during the March-September 1982
period and this report thus overlaps in part with the previous one.

The emphasis of the project continues to be on intensive collecting,
especially of trees. Major collecting efferts during this six month period
have been concentrated in both the widdle and lower Huallaga Velley area and
thePichis Palcazu region. David Smith, the project's full time resident
collector, spent most of April in the Bosque von Humboldt, Fuerto Inca,

Rio Pachitea region mostly working along the ncrthern end of the currently
under-construction segment of the Carretera Marginal. He collected 205
numbers and about a 1000 specimens during this period. In May and June

he worked mostly in the Chanchamayo-Oxapampa-Villa Rica area with major
collections from Rio E1 Tunque (1620 m, near Pozuzc), kio Baqueria (1870 m,
eastern side of the Cordillera Yanachaga) and west of Oxapampa (3500--4000
m, upper limits of the "ceja de la montafia")., A trip of 10 days vas made
to Iscosasin on ths Kio Palcazu where collections were made in lowland and
mid-elevation forest, and several trins to the San Ramdn area concentrated
on obtaining collections of middle and upper elevation forest trees of

that region. All of these collections have now been received in St. Louis
and are currently being processed and identified. While it is too early

to tell what porticn of the collections represent new species or new
distributional records, it is obvious that they will greatly increase
knowledge of the floristically little known forects of these regions.

In June a short trip was made by the PI to the Pichinaki forest between La
Merced and Satipo at 900-1000 m altitude. This trip was in conjunction

with a field trip which he led preceding the Flora Neotropica Annuval meeting
and Latin American Botanical Congress. The resident collzctor also worked
in this ares for a number of days, largely collecting specimens or tree
species of potential interest for inclusion in a joint German-Peruvian
reforestation project now underway in this region. Indeed the process of
deforestation on.the steep slopes of this foothills area is so rapid that
the entire cycle of timber harvesting, land clearing and short-term cul-
tivation by campesinos, land abandonment, and (hopefully) reforestation is
obvious along a few kilometers of a road being contin '‘ally and inexhorably
pushed further into the forest in search of "tornillo" and other valuable
timbers., Although the soil Tertility of much of this region has long since
been lost, it is possible that immediate reforestation along the lower part
of the new access road, using the native species from the forests just now
being cut at the end of the road, will help cut down on the devastating loss
to erosion which normally follows land-clearirg in these areas. Obviously
the potential for such a reforestation scheme depends to a large extent on
knowing the tree species of the area, a service being provided by the AID-
sponsored floristic project.
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A major collecting trip was made by the PI and Resident Collector elong
most of the length of the Huallaga Valley to the Tarapoto aresa in July.
Although much of the Huallaga Valley has been completely deforested, the
part of the Tingo Maria-Tarapoto road between Balsapuerto and Campanilla
bPasses through excellent stands of mature premontane forest, although
these are being rapidly cleared. We collected in this area and in the
isclated region of dry forest vegetation between Juanjui and Tarapoto.

The latter area, although constituting a major and distinctive part of the
Huallaga Valley ecosystem, has been very poorly collected and is very
poorly known botanically. Among the most exciting discoveries in the
rempant patches of natural forest we were able to locate on steep slopes
overlooking the Huallaga River was Cusbidaria weberbsueri, an endemic
species previously kaown only from two cld collections from the now-defor~
ested Chanchamayo area and feared to be extinct, but which turned out to
be one of the commonest species of the Tarapoto area forest remnants. As
an added bonus, the new collections were in fruit, making possible the
description of the previously unknown fruit of this unusual plant.

Another species discovered to be commen in itnese dry forest remnants, but
which was previously unknown from the area, 1is Tabebuia impetiginosa.
Collected only a couple of times previously in Peru (once from the Marafion
valley, once from the Iparia), this wide-ranging but generally uncommon
species has suddenly achieved prominence as the source of a bark now baing
widely propagandized as a cure for cancer. Many Brazilian populations of
the species have been wiped out by bark hunters and the cost of the bark,
which is just beginning to b= widely introduced into the United States
despite FDA qualms, is climbing rapidly. Since there are several solid
scientific studies which show that the active principles of this bark do
indeed cure some kinde of cancer in laboratory rats and mice, it is quite
possible that a major new product is in the offing. Discovery of the
Huallaga Vz=1lley populations could be signiiicant inasmucli as they represent
a very isolated population of a species whose intrapopulational chemical
variaticn is completely unknown. Iudeed one of the other Peruvian collections
of this species was deemed so diff:rent that it was described as a new
species. Moreover the development of a tree like this (the wood is also
extremely hard and durable and much used in other countries, though not Peru)
as a commercial crop could be & real boon to an ecologically devastated area
like much ¢f the Tarapoto region. Discovery of the plant was the first

step; we are now initiating a collaboration with the pharmacognosy laboratory
at the University of Illinois-Circle Campus to further study the chemical
composition of the bark of this species, the new Peruvian population of it,
and the anticancer activity of these compounds.

The Tarapoto trip also resulted in the first botanical collections ever made
in the low mountain range between Tarapoto and Yurimaguas and a partial
vegetationul sample of LOO m“ of one of the dry forest remnants overlooking
the Hnallaga. Altogether over 500 collection numbers and perhaps 2500 speci-
mens were collected on this trip. The collections from the trip have arrived
in St. Louis and are now being pr-cessed.

Additioral field work during this period oy the PI included a couple of weeks
in lowland Amazonia. The high pcint of this field work was a week in the

Rfo Samiria Reserve area between the mouths of the Rfos Ucayali and Huallaga,
an area in which not a single plant collection has ever been made previously.
This is an important wildlife habitat —- €.g. including apparently the last



known population of the giant Amazonian turtle and one of the few extant
populations of Amazonian manatees. Thus some knowledge of its floristics

is very important. The vegetation turned out to be similar to that formerly
found along the Rio Amazonas itself (white water-inundated tahuempa) but

now virtually exterminated. Among the common species is a genus new to
Peru--Patinoa (Bombacacwue)--as well as many very poorly known and rarely
collected species formerly characteristic of this habitat. Rodolfo Vasquez
has concentrated his collecting efforts in the lower part of Peruvian
Amazonia, werking out of the herbarium of the Universidad de Amazonia
Peruana in Iquitos, with major collecting trips to Andoas on the Ecuadorian
border and Genaro Herrera on the Rio Ucayali. A couple of hundred collec-
tions a month from throughout the region are heing received from Vasquez

as are smaller collections for identification received from various foresters,
anthropologists, and students. Currently a botanist from the Muséuw d'Histoire
Naturelle in Paris, France, is in St. Louis for several months, funded

by a European anthropological project focused on Peruvian Amszonia in order
to make use of the collections and expertise here to identify the collection
vouchers obtainzd during their anthropological work. These identifications,
of course, are in part dependent on the collections generated and identified
by the AID-Tunded floristic work. The necessity for French anthropologists
to bring their collections from Peruvian Amazonia to St. Louis for iden-
tification underscores the importance to the scientific world of the AID-
sponsored floristic investigations.

Several area: for intensive study and especially concentrated collecting
have been selected, including “hc Bosqiue von Humboldt area at 270 m on
mostly lateritic soils, the San Matfias range (between the Pichis and Palceazu
rivers) from 340 to 1C0C m ard the Cordillera Yanachaga (1800 to 3000+ m).
Complete species lists will be compiled for each of these regions to provide
baseline data for correlating plart species distribulions and environmerital
parameters. Vusquez is similarly concentrating on revisiting and sampling
iuwvensively several selected vegetation types and sites in Loreto Department.
A complete sample has been made of all plants over 2.5 cm dbh in a 0.1 ha.
area at Bosque von Humboldt and similar samples will be obtained for the
other intensive study sites. These samples were obtained with the sample
techniques described in Gentry, 1982 (Evolutionary Biology 15: 1-84) and
will provide data making possible direct comparison of plant species diversity
and floristic composition of these regions with many other neotropical and
palaeotropical areas. Kobin Foster, working 1/l time for this project,
arrived in Peru in August and is currently in the Chanchamayo area where he
will be actively involved in sampiing the natural forest vegetation as well
as making general collections to document the flora of various vegetation
types and regicns.

The especially exciting discovery of a Cucurbitaceous vine, Fevillea
cordifolia, with real economic potential was reported during the first six
months of this project. It had been r.ported that the seeds of an unknown
"tree" species of the Pichis-Palcazu region burn with a clear blue flame and
are used by the Campas Indiana in place of candles. We have identified the
plant in question as Fevillea cordifolia, actually a liana of the family
Cucurbitaceae. Dr. Eugene Schultz of the Technology and Human Affairs
Department of the School of Eugineering at Washington University, St. Louis,
is currently undertaking testing of a limited stock of these seeds. We

are now trying to obtain e much larger sample of the seeds from Peru for more
extensive testing. They report that the fact that the seeds of this species,

u??%



which are among the largest in its family, burn with a clear blue flame

when dried strongly suggeste an unusually high oil content. Problems with
01l seeds studied to date in the hopes of findirg a charcoal substitute have
been dirficulty in burning whole seeds and in avoiding smok: forration.

The preliminary results suggest that Fevillea might be a significant break
through on both fronts. Another area in which Fevillea seeds could hold
promise, according to Dr. Schultz, is in the expression of oil for illumina-
tion by village technology as a replacement for kerosene. Dr. Schultz reports
that with the rise in prices of petroleum products, alternative and indi-
genous illuminants are badly needed and that Fevillea would secm en excellent
candidate for producing such a product.

Another potentially economically and politically significant discovery
made during the vuarrent pLase of this project is that the predicted higher
flood crests of the Amazon and its major tributaries suggested by the
principal investigator (Science 210: 1354-135G, 1980; Science 215: 427,
1632), as a devastating and unexpected result of rampant deferestation of
the headwuter regions of the Amazon, are becoming increasingly critical.
Deforestation continues unabated and the May 1982 flood was by far the
highest ever recerded in the upper Amzzonian region, at least as far down-
stream as Leticia, Colombia, The now annual havoe caused by such extreme
flooding along rivers like the Amazon and Ucayali provides an urgent
warning that careful land use plenning is essentiszl ir new areas of the
Central Amazonian region are to be commercially developed.

A Tinal objective of the AID-sponsored project, collaboration with and
providing assistance to the botanical inventory. programs and capacities

of Peruvian universities, has also been actively pursued during this six
month period. Such help has ranged from assisting in a field ecology
course for advanced biology students at the Universidad Nacional de Amazonia
Peruana to providing logistical support for travel and fieldwork by faculty
members of several Feruvian universities. Peruvian botanists who have
participated in project fieldwork include Oscar Tovar and Blanca Ledn of
the Universidad de San Marcos, Angel 3alazar and colleagues of the Bosque
Nacional de von Humboldt, and Franklin Ayala, Doris faro, and colleagues
ol the Universidad Nacional de Amazonia Peruana. In addition %o logistic
support, the Principal Investigator has conducted informal mini-courses

in tropical plant identification for these and other Peruvian botanists
whose own independent studies should be directly benefited as a rcsult.

Identifications or plants collected by these botanists as well as by foresters,

especially those associated with the La Molina University in Lima, have also
been carried out by the PI as have identifications of the plan*ts eaten by
primates in various anthropological and znological investigations, especially
those associated with the IVITA Proyecto Primatos program based in Tquitos.
The PI was one of the featured speakers at the quadriennial Latin Botanical
Congress, which was held in Peru this year, and has been invited to conduct

a short course for anthropologists, sponsored and funded by MAB and UNESCO,
in Tquites in Nevember. Cuch invitations suggest that the kinds of study
being carried out under the AID grant are sppreciated and making a real
contribution to Peruvian science.
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AID S5ix-Month Report

During the first six months of the project the emphasis has been on
intensive collecting, especially of trees, in the Pichis Palcazu project
area. Approximately 3000 numbers have been collected to date, mostly

in sets of five. Part of this material has already been sent from

Peru to the Missouri Botanical Garden for processing and identification;
the more recently collected materiol will be shipped to St. Louis in

a few months. In addition, duplicates of Peruvian plants from the
Central Amazonian region to be identified by project staff have been
received from several Peruvian forestry eroups inciuding the

Universidad ANacional Agraria de La Melina, ihe research staff at

Bosque von Humboldt, ond a reforestation project sponsored by West
Germany and the Ministeric de Agricultura.

Most of the first three-month period (November to January) was spent
in organizational work which included hiring as a full-time resident
collector, David Smith, of Towa State University, acquiring collecting
supplies and shipping them to Peru, and working out the nccessary
permits and political arrangements in Peru. A wide scope, long-term
(6 years) Convenio between the Missouri Botawical Garden and the
Ministerio de Agricultura was signed, which not only approves the
plant collecting work of the project but essentially designates the
principal investiygator of this project as coordinator of foreign
plant collecting activities in Peru for the next six years. The new
Convenio also resulted in obtaining a long-delaved exportationr permit
for previous Peruvian plunt collections and the shipment to St. Louis
in May of 16 large refrigerator boxes of plant collections which will
be processed along with the collections of the AID-sponsored field-
work. ’

In February 1982, full-scale fieldwork was begun with the principal
investigator and resident collector making a joint field trip to Peru.
Atcut 1000 plant collection numbers (ca. 4000 duplicate specimens)
were made and the resident collector trained in plant collection and
field identification techniques used by the principal investigator.
Fieldwork inclvded two weeks in the Chanchamayo-Oxapampa-Villa Rica
area with collecting efforts concentrated in the middle elevation
cloud forests, especially in the Cordillera Yanachaga, and along

the part of the Carretera Marginal now under construction from Villa
Rica to Puerto Bermudez. Ten days were also spent at the othar end
of the Fichis-Palcazu project area, working in the Besque Nacional
Alexander von Humboldt and the adjacent area at the northern end of
the segment of Carretera Marginal, which is under construction. Two
wecks were also spent in the Iquitos area coordinating research
efforts with Dr. Franklin Ayala and other faculty members of the
Universidad Nacional de Amazonia Peruana, and doing fieldwork in the
lowland Amazonian forests at Yanomono, Andoas, and Mishana.

The principal investigator returned to the U.S. in March while the
resident collector continued to collect plants in the Central
Amazonian and ceja de la montaha region. His collections now total



2000 numbers (ca. 8000 duplicates). His fleldwork has included three
weeks in the lowland forests along the Rio Pachitea and in Bosque von
Humboldt region and a weekx at the current end of the Carretera
Marginal, reached by a one-hour boat trip up the Rio Pachitea from
Puerto Inca, the latter reached by plane from Pucallpa. Taking
advantage oi trece cutting by the road-making activities it was
possible to make an excellent sample of the trees of this region
which was previously virtually unknown botanically. Smith also col-
lected for four weeks in the Oxapampa region mostly in middle
elevation cloud forests w1th major collections from Rio El Tunque
(1620 m, near Pozuzo), Rio Baqueria (1870 m, on eastern side of the
Cordll]era Yanachagd), and west cf Jxapampa (3500-4000 m, upper
limits of ''ceja de Ja mont ana." A trip of ten days was made to
Iscosasin on the Rio Palcazu where collections were made in lowland
and mid-elevation forests, and a five-day trip to the San Ramén area
concentrated on obtaining collections of middle and upper elevation
forest trees of that region. All these collecticns are now being
processed and identified. While it is too early to tell what portion
of the collections represent new species or new distributional
records, it is obvivus that they will greatly increase knowledge of
the floristically little-known forests cf these regions.

Several areas for intensive study and especially concentrated col-
lecting have been selected, including the Bosque von Humboldt area

at 270 m on mostly Jaterltlc soils, the San Matias range (between

the Pichis and Palcazu rivers) from 340 to 1000 m and the Cordillera
Yanac haga (1800 to 3000+ m). Complete species lists will be com-
piled for each of these regions to provide baseline data for
correlating plant species distributions and environmental parameters.
A complete sample was made of all plants over 2.5 cm dbh in a 0.1 ha.
area at Bosque von Humboldt and similar samples will be obtained for
the other intensive study sites. These samples were obtained with
the sample techniques described in Gentry, 1982 (Evolutionary

Biology 15: 1-84) and will provide data making possible direct
comparison of plant species diversity and floristic composition of
these regions with many other neogropical and palaeuvtropical areas.

In addition to the basic plant collecting and survey work, the first
six months of this project resulted in providing a much-needed plant
identification service to many groups interested in the Central
Amazonian and 'ceja'" regions of Peru. This collaboration resulted

in identifying for the first time several previously unknown and
commercially important or potentially commercially important species.
For example, a fast-growing tree of the Oxapampa area known as ''megal
blanco'" was identified as Corida alliodora. This tree is well known
as a valuable timber tree in other parts of the neotropics and is
being considercd for reforestation work by Dr. Brack of the Pichis
Palcazu project statff. The tree had previously been misidentified

as belonging to Annonaceae by the local specialists in dendrology

and forestry consulted by Dr. Brack. As a result of discovery of the
correct name and thus the potential timber potential of 'negal blanco,"



an active program of propagation of the plant for reforestation has
now been initiated. Another unidentified species of commercial
importance and locally known as "huamanchil co" has now been
identified by the principal investigator as Laplacea spathulata.
This tree is of special importance as a leading timbeT tree, yet it
has not previcusly been possible to identify it--a serious problem
in view of the Peruvian government's requirement of identifications
of all timber products in order to obtain export permits.

Many identificat ons of trees for foresters from La Molina University
and Bosque Nacional Alexander von Humbcldt have also been provided
during the course of this project. One of the more interesting of
these is a member cf the genus Auararibea (Bombacaceae), which is
very rare in Peru and which is one of the most important canopy
species along the dry part of the Rio Perend. Species identified
for the Bosque von Humboldt foresters included Copaifera, a legume
genus now being considered for commercial exploitation as a fuel
souvce, which is very commorn locally although previously known from
Peru from only a handful of collections. Identifications have also
been provided to a German-spunsored reforestation project head-
quarteved at San Ramén. We have collected many of the species of
interest to their project and will provide them with the desired
identifications.

One especially exciting discovery of a potentially commercially
important plant species has been made during the first six months

of this project. The seeds of an unknown 'tree" species of the Pichis-
Palcazu region burn with a clear blue flame and are used by the
Campas Indians in place of candles. We have identified the plant in
question as Fevillea cordifolia, actually a liana of the family
Cucurbitaceac. Moreover, consultation with Dr. Eugene Shultz of

the Technology and Human Affairs Department at Washington University
in St. Louis reveals that the property of burning with a clear flame
1s very rare in seeds and indicates unusual richness in natural oils.
Seeds of such unusually high oil content are being actively investi-
gated by the Center for Development Technology of the Technology and
Human Affairs Department in an attempt to find new alternative fuel
sources. They are extremely interested in the Peruvian Fevillea as
a potential fuel sovurce. Not only are Fevillea seeds apparently
ex.remely rich in oil, but they are also extremely large, probably
tne largest seeds of any Cucurbitaceae. Moreover, the liana is
fairly common in riverine habitats (where the unusually large seeds
are probably associated with water dispersal), produces fruit pro-
lifically, and is capable of growing in the second growth or forest
edge habitats which are becoming increasingly prevalent throughout
the tropics as the rain forest continues to be rapidly destroyed.
Investigations of the o0il content and fuel pectential of these seeds
are now underway at Washington University by one of Dr. Shultz's
graduate students.

Another potentially economically and politically significant dis-
covery made during the first six months of this project is that the
predicted higher annual flood crests of the Amazon and its major
tributaries suggested by the principal investigator (Science 210:



1354-1356, 1980; Science 215: 427, 1982), as a devastating and un-
expected result of rampant deforestation of the headwater regious
of the Amazon, are becoming increasingly critical. Deforestation
continues unabated and the 1982 flood was by far the highest ever
recorded in the upper Amazonian region. The now annual havoc
caused by such extreme flooding along rivers like the Amazon and
Ucayali provides an urgent warning that careful land use planning
1s essential if new areas of the Central Amazonian region are to be
commercially devecloped.

A final objective of the AID-sponsored project, collaboration with
and providing assistance to the botanical inventory programs and
capacities of Peruvian universities, has also been actively pursued
during the first six months of this project. Such help has ranged
from assisting in a field ecology course for advanced biology
students at the Universidad Nacional de Amazonia Peruana to pro-
viding logistical support for travel and fieldwork by faculty
members of several Peruvian universities. Peruvian botanists who
have participated in project fieldwork include Oscar Tovar and
Blanca Leén of the Universidad de San Marcos, Angel Salazar and
colleagues of the Bosque Nacional de von Humboldt, and Franklin
Ayala and Doris Alfaro cf Universidad Nacional de Amazonia Peruana.
In addition to logistic support, the principal investigator has
conducted informal mini-courses in tropical plant identification
for these and other Peruvian botanists whose own independent studies
should be directly benefited as a result.
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Dear Dr. Hester:

This letter constitutes the first semi-annual report due in
your office for grant No. DAN-5542-G-5S-1086-00. Dr. Alwyn
Gentry of our staff is the principal investigator, but he has
been very heavily involved in fieldwork in various tropical
areas for much of the year, and the due date of this report,

31 March, was inadvertently overlooked by both his and my
office. We apologize for this delay in reporting on the first
six months' activity, and future reports will reach your office
in a more timely fashion.

The first six months of activity under the grant were concerned
mainly with placing a field collector in Peru, and David N.
Smith of Iowa State University was hired for this purpose.
Given the logistical problems which have to be solved in order
to fully implement the rigorous field program which is so
important to this project, a good deal of time was srent ac-
quiring and assembling the necessary equipment and making the
necessary local arrangements both in Iquitos and in the work
areas. Peruvian persornel are v w also in place to help handle
specimen collection, prepa-ation, and s'.ipment back to St.
Louis. The receipt and idenc.l®:.iic.i ¢ f collections in St.
Louis has been integrated with the othe. ongoing botanical
exploration activities which are being ¢:arried out in other
areas of Peru, and a full-time staff member in St. Louis is

now in charge of overall coordination of nandling plant speci-
mens from the project. As specimens accumulate, tne, are
sorted and either identified in St. Louis or sent to specialists
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in various taxonomic groups for identification, after labels
have been prepared and intercalated with each specimen, as
appropriate.

Dr. Centry is now in South America, and will visit the study
sites in Peru during his trip. Upon his return, I will ask
him to write you a follow-up *o this report, including more
detailed information concerning activities in Peru.

Sincerely yours,

MK C;zds/?%

Marshall R. Cro
Director of Research

MRC:bc

cc: A. Gentry



