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Monospecific stands of the babassu palm (Orbignya martiana) occupy

widespread areas of Brazil, attaining their greatest coverage (102,970

km^) in the state of Maranháo. Near Lago Verde, Maranhao, I conducted

comparative studies of babassu's life history to determine how the palm

is maintained in mature forests as well as how it dominates disturbed

sites.

Flowering in babassu peaked during the rainy season (January-March)

and coincided with a flush of new leaves (x = 4.1 per yr); fruiting

peaked during the following dry season (October-December). Outcrossing

was predominant and was effected by wind and nitidulid beetles (Mystrops

sp.). Dispersal of the massive ( >100 g) fruits was mediated primarily

by gravity and by rodents. Due to the hard fruit endocarp, seed preda¬

tion was virtually limited to bruchid larvae (Pachymerus núcleo rum),

which entered through the germination pores; ca. 40% of seeds suffered
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predation. Germination required 3 mo and was enhanced in shade. Stem-

less palms persisted in the understory of a primary forest for about 50

yr, permitting build-up of high densities (6,000 per ha). Escape from

seed predators, shade tolerance, and an estimated lifespan of 184 yr

account for babassu's importance in such forests. Due to burial of

their apical meristems via cryptogeal germination, stemless palms sur¬

vive when sites are burned for shifting cultivation. During the subse¬

quent fallow, these palms are released and form virtually monospecific

stands. One such stand was still increasing in numbers after a fallow

of 33 yr. Annual above-ground dry matter production of this stand was

ca. 25 t’ha yr , 70% of which was allocated to leaves. With fallows

of 4-5 yr, enough fuel accumulates in the form of leaves to permit the

hot fire necessary for weed control and nutrient release. Thus shifting

cultivation can be practiced with minimal thinning of the stands.

Babassu's dominance of the landscape results from its persistence

over a wide gradient of disturbances. Because of its capacity to form

monospecific stands, its low maintenance requirements, its integration

into major land uses, and its current importance in market and

subsistence economies, babassu seems most amenable for use as an

extensive, moderate-yielding crop.

xiii



CHAPTER 1
INTRODUCTION

Numerous species of palms dominate the landscape over extensive

areas of the lowland tropics (Beard 1944, Richards 1952, Moore 1973a).

Palm-dominated stands often occur on edaphically limited sites where

competition is apparently reduced (Myers 1981). Several species, how¬

ever, form nearly monospecific stands on sites originally covered by

forests of high biological diversity. Such secondary palm forests

originate from and are apparently maintained by human activities.

People, in turn, depend on the palms as a source of food, fuel, shelter

and income.

This study concerns one of the most economically important and

certainly the most ubiquitous of such secondary forest palms: Orbignya

martiana, known in Brazil as babassu. The tree-sized babassu palm forms

high-density stands over extensive areas of Brazil (Figs. 1-3). The

stands attain their greatest extent in the state of Maranháo, where they

cover an area estimated at 102,970 km^ (Anonymous 1981), or roughly

equivalent to the U.S. state of Virginia. Babassu flourishes on sites

subject to intensive disturbances such as cutting and burning (Figs. 4-

5). The palm is a crucial resource for rural poor, who utilize the

fruits, leaves, and stem for a wide range of subsistence products.

Manual extraction of kernels from the extremely hard fruits represents

the state's largest cottage industry (involving over 400,000 families)

and its most important income source for women. The kernels are util-
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Figure 1. Approximate distribution of high-density stands of
babassu (Orbignya martiana) in Brazil. States con¬
taining stands are labelled. Adapted from Mendes
and Carioca (1981).



Figure2.Aerialviewofbabassu standsnearBacabal,Haranhao

Figure3.Specimenofbabassu (CMmartiana)inPirapora, MinasGerais.
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Figure 5. Regrowth of babassu on a deforested site in the Tropical
Moist Forest zone of Maranhao.



KERNELPRODUCTION(IOOOI)
Figure 6. Production of babassu kernels in Maranháo and Brazil,

1920-79. Sources: IBGE (1981a and previous volumes to
1916).
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Figure 7. Flowchart of products derived from babassu fruits by industries
in Bacabal, Maranhao, during 1980. Diamonds represent "either-
or" options. Numbers are percentages of fruit weight. Adapted
from Mendes and Carioca (1981) and Empresa Industrial de Baca¬
bal (personal communication).
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Figure 8. Flowchart of products derivable from babassu fruits via
current (1983) technology. Diamonds represent "either-or"
options. Numbers are percentages of fruit weight. Adapted
from Abreu (1940), Viveiros (1943), Escola Técnica Federal
do Maranhao (1976), IPT (1979), and Mendes and Carioca
(1981).
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ized by industries for production of vegetable oil, soap, and feedcake.

These industries represent the largest single source of tax revenues in

the Maranhao economy. Over the past 60 yr, kernel production has stead¬

ily increased (Fig. 6), and as of 1979 babassu provided 89% of all

vegetable oil obtained from non-domesticated sources in Brazil (IBGE

1981a). Recently introduced machinery capable of mechanically breaking

the hard fruits has enabled additional babassu-derived products (e.g.,

charcoal, coke) to enter national markets (Fig. 7), and technology

presently exists to derive a host of additional products from the fruits

(Fig 8).

Despite its economic importance, babassu is not currently domes¬

ticated, and formation of the stands remains a spontaneous phenomenon.

In the past, stands of babassu were generally preserved and formed an

integral part of shifting cultivation systems. In recent years, how¬

ever, population pressures and changing land use pabterns are inducing

both shifting cultivators and ranchers to clearcut the stands (Anderson

and Anderson 1983). Sound management of the palm forest requires basic

information concerning the biology of babassu. The purpose of this

study is to provide such information.

The study covers babassu's taxonomy (Chapter 2), life history

(Chapters 3-5), and population biology (Chapter 6); levels of inquiry

change respectively from the species to individual palms to stands of
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babassu. The study concludes with a discussion of the implications for

management (Chapter 7).

The Setting

Maranháo

The Brazilian state of Maranháo (Fig. 9) encompasses a wide range

of ecological conditions. To the south lies a geologically old (Meso¬

zoic), elevated peneplain, broken by abrupt plateaus and canyons, and by

low, eroded mountain ranges. The predominant soils in this region are

deeply weathered and nutrient poor, and annual rainfall rarely exceeds

1,000 mm. Human population densities are consequently low (<5 inhabi¬

tants per km^), and the principal land use is grazing on unimproved

range.

In central and northern Maranháo, elevations decline and the ter¬

rain gently undulates as one enters a broad plain comprised of geologi¬

cally young (Tertiary) sediments, dissected by many of the state's major

rivers. Soils are extremely variable (Fig. 10), with an abundance of

nutrient-rich alluvium, and annual rainfall ranges from 1,000 to over

2,000 mm. Agriculture (most commonly shifting cultivation) and grazing

constitute the principal land uses. Outside the capital (Sáo Luis),
O

population densities in this region average >10 inhabitants per km .

The babassu forests of Maranháo are largely confined to the central

and northern portions of the state, where they are associated with three

broadly defined ecological zones (Fig. 11): seasonally wet savanna

(baixada); woodland, scrub, or dry savanna (cerrado); and moist or dry

forest (mata).



Figure 9. Maranháo and neighboring states, with locations of
research sites.
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Figure 10. Major soil groups of Maranháo, according to the Brazilian
classification system (E1IBRAPA 1976). H = Hydromorphic
Laterite, Pd = Dystrophic Red-Yellow Podzolic soils, Pe =

Eutrophic Red-Yellow Podzolic soils, Ppd = Pl'inthic Pod¬
zolic soils, L = Yellow Latosol, Lr = Red-Yellow Latosol,
and Q = Quartz sands. Unlabelled areas = other soil types.
Source: EMBRAPA (1981).
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MANGROVE AND BEACH
VEGETATION

g SEASONALLY WET
SAVANNA

£3 WOODLAND,SCRUB,
AND DRY SAVANNA

m MOIST FOREST

200 km

Figure 11. Principal ecological zones of Maranhao.
Source: Kuhlmann (1977).
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Figure 12. Coverage of babassu stands in Maranhao. Source:
Anonymous (1981).
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Seasonally wet savanna» An extensive area traversed by the lower

reaches of Maranhao's major rivers is flooded during the December-May

rainy season and burned during the dry season. This low-lying area is

called baixada. The predominant soils (ground-water laterites and

gleys) are hydromorphic, the major vegetation type is a low savanna

dominated by sedges and grasses, and the principal land use is grazing

of cattle and buffalo on unimproved range. Throughout this region,

forests of babassu are generally limited to topographically elevated

islands, which are also the principal sites for shifting cultivation.

Woodland, scrub, or dry savanna. The term cerrado refers to both an

extensive phytogeographic region of Brazil and the region's predominant

vegetation. Within Maranháo, cerrado is characterized by annual rain¬

fall >1500 mm, a dry season of 6 mo or longer, and well- to excessively

drained soils. The vegetation consists of deciduous woodland, scrub,

and occasional savanna. The predominant land use is grazing of cattle,

goats, and sheep on unimproved range. Shifting cultivation and perma¬

nent plantations of sugarcane and cotton are generally confined to the

moist bottomlands, which are also the habitats occupied by babassu

forests.

Moist or dry forest. This zone is characterized by moderate to high

rainfall and a dry season of 6 mo. It extends across both Tropical

Moist Forest and Tropical Dry Forest Life Zones (sensu Holdridge 1967).

The vegetation was originally tall, diverse forest ranging from ever¬

green to deciduous. Due to widespread deforestation during the past 60

yr, the original forest has been virtually eliminated, and today stands
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of babassu dominate the landscape. During the past 25 yr, rapid influx

of settlers from the arid Brazilian northeast—combined with an ambi¬

tious road-building program throughout the state—have pushed human

settlement deep into Tropical Moist Forest, and extensive areas are

presently occupied by young stands of babassu. The principal land uses

throughout the moist or dry forest zone are shifting cultivation and

cattle ranching. In contrast to other ecological zones in Maranhao,

ranching here is carried out primarily on improved pastures.

The palm forest. In the major ecological zones of Maranhao des¬

cribed above, babassu stands are generally found on the sites most

intensively utilized by people. On such sites, crops are established

and pastures maintained by periodic cutting and burning. These prac¬

tices account for the origin of the babassu stands in Maranhao.

Prior to the arrival of Europeans, Maranhao had long been occupied

by numerous indigenous groups (described in Steward 1963). Among the

dominant sedentary tribes (e.g., Tupinamba, Timbira), agriculture was

generally confined to the moist bottomlands, and villages were estab¬

lished nearby. During the dry months, bottomland stands of babassu and

buriti (Mauritia flexuosa) palms provided an important dietary supple¬

ment. As with the more nomadic tribes, territorial rights were identi¬

fied with access to these stands, which served as a source of fiber and

fuel, as well as a hedge against famine. High densities of babassu were

probably limited to these bottomland sites. The original nature of the

far more extensive upland forests can be discerned in the remnants that
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still exist; babassu was commonly present but invariably associated with

a high diversity of hardwoods.

With the arrival of Europeans during the 1600s, the landscape of

Maranháo changed. In response to the needs of the colonial economy,

plantations of rice, cotton, and sugarcane were established on bottom¬

lands over an extensive area of the state. Yet more than two centuries

elapsed before the first historical reference was made to the babassu

forests of Maranháo (Prazeres 1820, cited in Abreu 1940: 11), which

suggests that these forests were not as extensive as they are today.

With the abolition of slavery in 1888, the plantation economy collapsed

and vast areas of cultivated land were abandoned. These sites were

recolonized by high-density stands of babassu. Like the Indians before

them, the freed slaves and their descendants were dependent on the palm

for food, fuel, and fiber. As their populations increased, agriculture

in the form of shifting cultivation moved out of the bottomlands into

the mixed upland forests, and stands of babassu gradually spread across

the landscape. The size of these stands today (Fig, 12) indicates the

extent and nature of human impact on the landscape of Maranháo.

The Study Region

Climate and soils. The ecological research was located primarily

in the central Mearim Valley of north-central Maranháo (Fig. 9), which I

shall henceforth refer to as the study region. Climate and soils in

this region are extremely favorable for agriculture. Meteorological

data from the region's principal town, Bacabal, show a mean annual

precipitation of 157.5 cm; the 6-mo wet season (December-May) is suffi-
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cient for rain-fed agriculture on upland sites (Fig. 13). Mean monthly-

temperature and relative humidity are subject to moderate variations in

response to rainfall; the former ranges from 25.7C (February) to 28.4C

(November), and the latter from 67.8% (October) to 85.2% (January-

February). Throughout the region, the terrain is flat to gently rolling

and is dissected by numerous streams that feed into the Mearim River.

The predominant soil (Fig. 10) is the Eutrophic Red-Yellow Podzolic type

(Brazilian classification system), roughly equivalent to a Ferric Luvi-

sol (FAO legend), or an Ustalf or Udalf (U.S.D.A. Soil Taxonomy). This

soil is characterized by high base saturation ( 50%) and relatively high

fertility compared to other regional soil types; soil structure is

generally excellent (EMBRAPA 1975).

Settlement. Even after the first wave of non-indigenous settlers

arrived during the 1920s, the region remained thinly populated. At that

time, Babacal was a small village, named after an adjacent stand of

bacaba palms (Oenocarpus bacaba) that has long since disappeared. Hunt¬

ing, fishing, gathering, and shifting cultivation continued to be the

principal economic activities. During the 1950s and 1960s, droughts in

the Brazilian northeast and roadbuilding throughout the state brought

waves of migrants into the region. Populations soared, and by 1980 the

town of Bacabal contained 43,229 inhabitants (IBGE 1981b) and was the

fifth largest urban center in Maranhao. A roadbuilding program begun

during the 1960s linked the major towns of the Mearim Valley with a

well-developed system of roads. Influx of settlers, enhanced access,

ample rainfall, and excellent soils transformed the region into one of
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Figure 13. Monthly rainfall at four research sites. Numbers are long¬
term annual means, bars are long-term monthly means, shaded
circles are monthly data for 1981, and open circles are
monthly data for 1982. Period over which long-term means
were calculated and source of unpublished data for each
site are: Belem, 1931-60, Centro de Pesquisa Agropecuaria
do Trópico Umido (CPATU); Pindare Mirim, 1966-80, Superin¬
tendencia de Desenvolvimiento do Nordeste (SUDENE); Bacabal,
1972-80, Instituto Nacional de Meteorología (INMET); and
Caxias, 1966-80, INMET.
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the most agriculturally productive areas in Maranhao. Yet agricultural

productivity has not brought prosperity to most of the people living

there.

Land tenure. The main front of agricultural expansion in Maranhao

swept westward through Bacabal during the 1950s. But the pattern by

which the study region was settled can still be seen today in other

areas of frontier expansion throughout Brazil (Velho 1972). As settle¬

ment pushes forward, once isolated areas become increasingly accessible,

and the process of land concentration soon commences. The aftermath of

this process can be seen from the data on land distribution in Maranhao

(Fig. 14). In 1950, 61.8% of the state's occupied lands were owned by

2.0% of its households. Despite a rapid expansion of area under occupa¬

tion, there had been no discernible improvement by 1975, when 41*4% of

the land was controlled by 0.5% of the households. In absolute terms,

the amount of land in smallholdings (<100 ha) increased by a factor of

4.0; however, the number of smallholdings increased by a factor of 5.6.

Smallholdings became, on the average, smaller, and the number of land¬

less increased.

As throughout most of Maranhao, land tenure in the study region is

now well defined. The vast majority of rural inhabitants live in

thatched huts strung like beads along the roads, footpaths, and water¬

courses that form a network throughout the region. Behind these hamlets

and villages, fences are invariably present, and beyond these fences lie

the resources upon which people depend.



LAND (%)

1950
(95,382 Km2) 1975

(124,091 km2)

Figure 14. Distribution of land and households according to size of
landholding in rural areas of Maranhao during 1950 and
1975. Size of holding defined by effective occupation of
the land. Amount of land increased from 1950 to 1975 due
to frontier expansion. Sources: IBGE 1956, 1979.
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Shifting cultivation. Throughout Maranhao, sharecropping is the

means by which the vast majority of cultivators gain access to land.

Crops are raised principally by shifting cultivation (Table 1). The

forest is felled by axes and burned toward the end of the dry season.

Planting usually takes place in December with the first wet season

rains. In the study region, the principal crops are upland rice, cassa¬

va, maize, and beans. As rice is sensitive to drought, and cassava is

intolerant of prolonged waterlogging, farmers often plant both, and

intercropping is the rule. Cultivated areas are frequently weeded until

the April-June rice harvest; cassava may be harvested up to 2 yr after

planting. Cultivated plots on upland sites are virtually never used for

two crops in a row, so new plots are required each year. Short cropping

periods make this form of land use extremely extensive. Shifting culti¬

vation of this sort can only remain viable in areas of low population

densities. Over large portions of Maranháo, this is no longer the case.

From 1950 to 1975, land area in Maranhao utilized for temporary

cropping increased threefold, while the ratio of fallowed to cropped

land was cut in half (Table 1). The immediate implications of shortened

fallows for crop yields—and long-term implications for site quality—

are obvious. Increased population densities are the principal cause of

shortened fallows throughout Maranhao. But exceptionally short fallows

in the study region are a consequence of widespread conversion to pas¬

ture
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Table 1. Uses of occupied lands in Maranhao during
Numbers represent ha (percent of total
parentheses). Sources: IBGE 1956, 1979.

1950 and 1975.
classified in

Year
Land Use mo ms

Grazing
Range
Improved Pasture

3,454,400
40,800

(40.2%)
( 0.5$)

2,590,600
1,218,200

(21.7$)
(10.2$)

Cropping
Temporary
Permanent

314,500
14,200

( 3.6$)
( 0.2$)

1,014,100
41,900

( 8.5$)
( 0.4$)

Fallow 2,407,800 (28.0$) 4,058,100 (34.0$)

Permanent Forest
Natural
Planted

2,361,700
4,000

(27.5$)
( 0.0$)

3,014,300
400

(25.2$)
( 0.0$)

Total Classified 8,597,400 (100.0$) 11,937,600 (100.0$)

Not Classified 941,500 471,500

Total Occupied 9,538,900 12,409,100
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Grazing. In contrast to the rest of Maranháo, grazing in the study

region is carried out predominantly on improved pastures. This has been

a recent development; in 1950, improved pastures comprised only 0.5% of

Maranhao's total occupied area (Table 1). The formation of improved

pastures has enabled grazing to encroach into areas once used exclusive¬

ly for shifting cultivation.

Conversion to pasture is generally carried out as part of shifting

cultivation. On upland plantations of crops such as rice and maize (but

rarely cassava, due to its relatively long cropping period), seeds of

the African grass, Hyparrhenia rufa (known locally as la.j eado), are

introduced just prior to harvest (March-May). Use of fertilizers is

rare, and legume-grass associations are apparently unknown. Pastures

are usually burned during the dry season, and the burn often gets out of

control; wildfires are a conspicuous feature of the landscape throughout

Maranháo.

Babassu. The study region is characterized by exceptionally high

coverage of babassu. Spontaneous occurrence of the palm appears to be

limited only on steep hilltops (where fruit dispersal may limit colon¬

ization) and waterlogged soils (where root respiration may be inhib¬

ited). Elsewhere the palm forest virtually blankets the landscape,

except where it is thinned or clearcut by shifting cultivators and

ranchers. Although clearcutting of babassu is illegal in Maranháo, the

practice appears to be increasingly common, especially in areas where

pasture conversion is widespread.
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Study Sites

Lago Verde. The ecological research was centered on an 800-ha farm

in the county of Lago Verde, ca. 25 km NW of Bacabal (Fig. 9). The farm

is flat and dissected by several intermittent streams. Soils are gener¬

ally fertile and well-drained. The predominant soil type is Eutrophic

Red-Yellow Podzolic. Approximately 75% of the farm has been converted

to pasture, and the rest is covered by various ages of forest fallow.

I selected three 1-ha sites for ecological studies, representative

of undisturbed primary forest, old secondary forest, and annually burned

pasture. The forest sites were located in an 11-ha reserve maintained

for hunting and for harvest of fallen trees as a source of lumber. Each

study site measured 80 x 125 m. For orientation, wooden stakes were

used to define twenty 20 x 25 m blocks; on the forested sites, the

blocks were delimited by 2-m wide paths. Community characteristics of

each site were obtained by measuring abundance, frequency per block, and

diameter at breast height (dbh) of all trees with dbh 10 cm. Unknown

species were collected and identified in the herbarium of the Museu

Paraense Emilio Goeldi in Belem. Community characteristics of the

forested sites are summarized in Appendices A and B.

The primary forest site is probably representative of the original

vegetation that once covered the region. Radiocarbon dating of charcoal

fragments found at ca. 15 cm depth indicate that the site was burned 650

+ 250 yr before present (letter dated 4 August 1983 from Richard R.

Pardi, Radiocarbon Laboratory, Queens College, Flushing, New York, USA).

I believe that the site has suffered no major disturbance since. Local
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informants reported that the site was still covered by structurally

complex, species-rich forest when they first arrived in the region

during the 1930s. Since this time, the site has been subjected to

minimal disturbance. At the time of my study, emergents attained 30-35

m, and the canopy was more or less continuous at 15-25 m. Most of the

emergent species were deciduous during all or part of the dry season.

Vines were relatively abundant, whereas epiphytes were rare. Species

richness, at 63 species (dbh iL10 cm) per ha, was lower than that of

upland forests in Amazonia (Anderson and Benson 1980). With relatively

high abundance (20.2%), frequency (9.2%), and dominance (27.4%), babassu

was the most important species on the site.

The secondary forest was originally cut and burned for shifting

cultivation in 1948; the site had suffered no major disturbance since.

Emergents attained 20-25 m, and the canopy— comprised largely of a

uniform stand of babassu—was relatively continuous at 10-15 m. Species

richness was 31 species (dbh ^.10 cm) per ha. The percentage of total

species that occurred in both the primary and secondary forest sites

(coefficient of community: Whittaker 1975) was 31.9%. In abundance

(66.7%), frequency (21.7%), and dominance (84.1%), babassu was far and

away the most important species on the site.

The pasture was established through introduction in 1974 of the

exotic grass, Hyparrhenia rufa, on a site that had already undergone

several cycles of shifting cultivation. The abundant understory compet¬

itors (including Lantana camara, Stachytarpheta cajanenesis. Sida spp.,
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Gype rus spp., and juveniles of babassu) were annually cut and burned.

The 10-15 m high canopy was comprised exclusively of babassu, which

occurred at a density of ca. 100 stems per ha.

Satellite sites. In addition to the principal field site at Lago

Verde, satellite sites were established at Belém, Pindaré Mirim, and

Caxias (Fig. 7). The Belem site was used for experiments involving

establishment (Chapter 4)» the Pindaré Mirim and Caxias sites were used

for phenological observations (Chapter 3). Meteorological data (Fig.

11) show a wide range of rainfall at these sites. Information con¬

cerning land uses and experimental design at each site is provided in

the appropriate chapters.



CHAPTER 2
TAXONOMY AND PHYTOGEOGRAPHY

Babassu belongs to the cocosoid group, one of 15 major groups

within the palm family (Moore 1973b). Cocosoid palms are distinguished

from the other groups by their fruits, which contain a thick, generally

three-pored endocarp. The principal center of cocosoid diversity is

South America, where 24 of 28 genera occur (Moore 1973b). Two well-

known representatives of the group are the coconut (Cocos nucifera) and

the African oil palm (Elaeis guineensis).

The taxonomy of babassu has been a source of confusion since the

palm was first described well over a century ago. This confusion begins

on the generic level. Although babassu is generally assigned to the

genus Orbignva. the status of this and the four to five other genera in

the Attalea alliance has been questioned by Wessels Boer (1965). These

genera are distinguished solely on the basis of staminate flower mor¬

phology. No correlation with other characters has been observed, and

staminate flower morphology runs across a separation based on other

characters such as endocarp pores. Lines between genera in the Attalea

alliance are further blurred by collections of intermediate staminate

flower types, which have prompted the description of two new genera; one

of these, Markleva. was described by Bondar (1957) as a possible inter¬

generic hybrid involving babassu.

A classification based solely on staminate flower morphology is of

little use in the field, as most species flower only for a short time.

27
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Thus it is no surprise that babassu is often confused with other species

and even genera, notably Attalea. Oil palms commercially referred to as

babassu include Orbignva agrestis in Para, Attalea oleífera in Goiás and

Minas Gerais, A. geraensis in Minas Gerais, and A. pindobassu in Bahia

(Markley 1971). Botanists are not immune to generic confusion.

Aboriginal dispersal was evoked to account for the disjunct occurrence

of babassu in the state of Sao Paulo (Ferri 1974, 1980), although the

population has been identified as pertaining to Attalea (J. T. de M.

Costa, pers. comm.).

To resolve intergeneric confusion in the Attalea alliance, Wessels

Boer (1965) recommended reducing Orbignva and related genera to the

single genus Attalea. but his suggestion has not been followed by other

contemporary taxonomists (Moore 1973b, Glassman 1977). Countervailing

arguments include the weight of taxonomic tradition, and the observation

that Wessels Boer's scheme merely reduces the confusion to the specific

level (H. E. Moore, pers. comm.). Due to the uncertain limits between

genera, the possible occurrence of intergeneric hybrids, and the

practical difficulty of distinguishing genera in the field, I believe

that the current splitting of the Attalea alliance into five genera

(Moore 1973b) is not justified. Final resolution of the confused

generic limits within the Attalea alliance will require exhaustive study

of the entire group. As such a study is not on the horizon at present,

I shall follow taxonomic tradition and consider babassu within the genus

Orbignva.
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On the specific level, at least 10 names associated with babassu

have been published within the genus Orbianva (Table 2). Most of this

proliferation has resulted from species descriptions based on inadequate

botanical specimens, a problem inherent to palm taxonomy in general

(Tomlinson 1979). In the more recent taxonomic literature (e.g. Rizzini

1963; Bondar 1964; Glassman 1977, 1978), most of the names listed in

Table 2 are considered synonymous, and it is generally agreed that the

babassu complex consists of a maximum of three species. Due to

potential confusion among these species, I embarked on a taxonomic study

of the babassu complex. My objectives were (1) to identify the species

that was the subject of the ecological studies described in the

following chapters and (2) to distinguish it from morphologically

similar species.

Methods

Lack of adequate specimens has been the principal impediment to

resolving the taxonomy of the babassu complex. To remedy this situ¬

ation, I collected representatives of the complex over a substantial

portion of its presently known range (Fig. 15). Due to the unusual

structure and bulkiness of large palms such as those in the babassu

complex, complete botanical collections require extensive field documen¬

tation; recommended procedures are described at length in Balick et al.

(1982). Specimens of all collections were deposited at the Mu3eu

Paraense Emilio Goeldi in Belem, Brazil; duplicates were sent to other

Brazilian institutions (CENARGEN, INPA, CPATU) and the New York Botan¬

ical Garden, Bronx, N.Y., U.S.A.
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B.Rodrigues 1898

B.Rodrigues 190)

Burret 1929

Burret 1932

Burret 1938
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W.Boer 1965

Classman 1977
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0.oleífera
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OrbIgnyaolelfera Burret OrbignyateIxeIrana Bondar
MarkIeyadahlqrrnlana Bondar Attaleadahlgrenlana (Bondar)W.Boer

Described

barboslana

Described.
Described....-A.dahlgrenlana..Uncertainspecies Described-M.dahlgrenlana

I.

0.

speclosa(Hart.)Barb, currentlyreducedto
Rodr.Is Synonymy
nottobeconfusedwith0.speclosaBarb.Rodr., under0.cohune(Mart.)DahigrénexStandi.
aname

2.Possiblehybrid.

U>
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80 70 60 50 40

Figure 15. Distribution of specimens of Orbignya martiana and its
suspected hybrid complexes. Circles represent (). mar¬
tiana; squares represent the Orbignya-Maximiliana com¬

plex; triangles represent the JO. martiana-O. eichleri
complex. Sources: Wessels Boer (1965), Glassman (1977),
and M. J. Balick and A. B. Anderson (unpublished).
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A first-hand familiarity with the taxa in the field provided a

sound basis for reviewing the extensive and often contradictory litera¬

ture on nomenclature. Results pertaining to the morphology and distri¬

bution of taxa in the babassu complex represent a synthesis of data

already published, data obtained in the field, and morphological

comparisons of specimens in the laboratory.

Results and Discussion

Examination of data on specimens obtained over a substantial area

indicates that the babassu complex is comprised of one highly variable,

widely distributed species and two associated species that appear to

hybridize with the former. Babassu is henceforth used exclusively in

reference to the principal species of the complex, which was the subject

of the ecological research described in the following chapters.

Nomenclature

The scientific name of babassu tentatively utilized in this study

is Orbignva martiana Barb. Rodr. (Table 2). Its valid publication by

Barbosa Rodrigues (1898) represents the first taxonomic description that

can be definitely attributed to babassu. Previously published names

associated with babassu fAttalea speciosa (Mart.) Barb. Rodr. and Orbig¬

nva lvdiae Drude] were based on incomplete collections, and their accom¬

panying descriptions were either insufficient or incorrect; neither can

be definitely attributed to babassu. Barbosa Rodrigues (1903) subse¬

quently reduced 0. martiana to synonymy under the new combination, 0.

speciosa (Mart.) Barb. Rodr. Although widely accepted in Brazil, the

latter name is invalid because the same combination (Qi_ speciosa Barb.
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Rodr.) had been previously published by Barbosa Rodrigues (1891) in

reference to another species (cf. Article 64, International Code of

Botanical Nomenclature: Stafleu 1972, p. 59). Orbignva martiana is

therefore the earliest, validly published name definitely referable to

this taxon and it maintains precedence over subsequently published names

associated with babassu (Table 2).

My use of martiana is tentative, due to an older name that

remains to be considered. Martius (1844) published a relatively

complete description of Q¡_ phalerata Mart., which he designated as the

type species of the genus. Subsequent collections of this species have

apparently not been obtained (Glassman 1977), and Martius* published

description and illustration provide no basis for distinguishing it from

0. martiana. The lack of specimens of 0. phalerata prompted a recent

(July-August 1982) expedition, sponsored by the New York Botanical

Garden, to the type locality in eastern Bolivia. Final judgment

concerning the relationship of these two taxa awaits examination of the

specimens obtained.

Description and Differentiation

A technical description of babassu, based on specimens obtained to

date, is provided in Appendix C. This description illustrates the

extreme variability of the species. Despite its variability, babassu

possesses a number of diagnostic features that together enable one to

distinguish it from related species. These features include an erect,

solitary habit; large, erect leaves recurved at the apex, with rigid

leaflets disposed in a vertical plane and often with striations on the
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outer (abaxial) surface of the sheath; large inflorescences that are

either exclusively staminate or hermaphroditic, each containing a

persistent, woody bract with a prominent apex; staminate inflorescences

with numerous, erect branches (rachillae), each branch bearing two to

four rows of staminate flowers on its lower (abaxial) surface only;

staminate flowers with a small calyx, two or rarely three dentate-tipped

petals, approximately 24 irregularly coiled and twisted stamens, and a

pistillode; hermaphroditic inflorescences with numerous branches, each

branch bearing one to rarely three pistillate flowers at the base and a

variable number of staminate flowers at the tip, the latter either

inviable or opening after the pistillate flowers; and a massive, oblong

drupe with a thick, woody indehiscent endocarp and usually two to five

oily seeds.

Due to its apparent propensity to hybridize, the distinction

between babassu and at least two closely related species (Orbignva

eichleri and Maximi liana maripa) is somewhat blurred. I suspect that

these latter species hybridize with babassu. Morphological comparisons

(Appendices D and E) illustrate the intermediate morphology of the

purported hybrids ("Orbignva teixeirana11 and "Markleva dahlgreniana").

Germination experiments have shown that both of the latter produce

viable seeds and thus are capable of regenerating; however, they are

only known to occur in association with their apparent progenitors. The

distribution of babassu and its purported hybrids is shown in Figure 15.

Anatomical, palynological, and electrophoretic studies of these

complexes have been initiated by colleagues at the New York Botanical
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Garden in the U.S. and the Centro Nacional de Recursos Genéticos

(CENARGEN) in Brazil.

Distribution and Origin

Babassu has a widespread distribution in South America (Fig. 15).

Dissemination of the large, heavy fruits has probably been exclusively

by mammals (either living or extinct) or water. Among living mammals,

rodents such as pacas (Agouti paca) and agoutis (Dasvprocta punctata)

are effective, short-range dispersal agents (see Chapter 3); humans and

possibly monkeys disseminate the fruits over greater distances.

Coevolution between hard-fruited palms such as babassu and large,

Pleistocene mammals seems likely (Janzen and Martin 1982), but a paucity

of paleontological evidence makes it impossible to assess the potential

contribution of these now extinct animals to the current distribution of

babassu.

Markley (1971) argued convincingly that the babassu palm originated

on the Brazilian Shield in the state of Goiás, a major center of

diversity for the entire Attalea alliance. Since its origin during the

Precambrian, the Brazilian Shield has undergone considerable erosion by

numerous river systems. With few exceptions (discussed below), babassu

areas from the Paraguay River to the Amazon Basin are connected by

watersheds to the Brazilian Shield in Goiás (Figs. 1 and 15).

Throughout its range, babassu is largely confined to floodplains, river

valleys, and former deltas, which lends support to the idea of

dissemination by rivers. Although their high specific gravity (ca. 1.4

g fresh weight/cm^) prevents the fruits from floating, they can be
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carried considerable distances by runoff and rivers in flood. Lighter

fruits would tend to be carried farther, which could explain why babassu

fruits are relatively light (80-250 g fresh mass) over most of the

species' range, while the heaviest fruits known (up to 800 g fresh mass)

are found in its presumed center of origin in Goias (Fonseca 1924; M. J.

Balick and A. B. Anderson, unpublished data).

There are three important exceptions to the links between the

Brazilian Shield and babassu's present range. The first is its disjunct

occurrence in Suriname and Guyana (Fig. 15). Until the early Pleisto¬

cene, the eastern portions of the Brazilian and Guayana Shields were

connected, which probably accounts for the close floristic ties between

the two regions (Maguire 1970). The Guianas represent a second center

of diversity of the entire Attalea alliance (Wessels Boer 1965).

A second exception is babassu's occurrence in the Brazilian states

of Maranháo and Piaui (Fig. 1). Markley (1971) suggested that the

Tocantins River may have once served as a link for dissemination of the

palm to these states. The Tocantins has its headwaters in the Brazilian

Shield and presently drains into the Amazon River. During the

Cretaceous, however, it may have flowed across the northern part of

Maranháo and built up the huge delta that presently covers most of the

northern third of the state. It seems unlikely that this delta could

have been built by the relatively insignificant rivers of Maranháo that

exist today (Pindaré, Grajau, Mearim, Itapecuru, and Parnaiba), most of

which have their headwaters only a short distance from the delta.

Uplift of the Serra do Gurupi in western Maranháo (probably during the
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lower Tertiary) may have forced the Tocantins to change to its present

course.

A final anomaly in babassu's distribution is its disjunct

occurrence in the Brazilian state of Ceará (Fig. 1). Here the palm is

confined to isolated and geologically very old uplifts, and there are no

river systems that run between these structures and the highlands of

Goiás. The uplifted areas to which babassu is confined in Ceará have

long served as favorable sites for human settlement and agriculture, due

to their relatively cool temperatures, high rainfall, and fertile soils.

Markley (1971) argued that babassu's occurrence in Ceará is due to

dissemination by humans. Early aboriginal groups may have introduced

fruits obtained from the Parnaiba valley ca. 200-300 km distant.



CHAPTER 3
REPRODUCTIVE BIOLOGY

In autecological studies of plants, the various components of

reproduction (e.g., phenology, pollination, dispersal, predation, ger¬

mination) are often analyzed as separate entities. Yet these events are

obviously interdependent. The timing of flowering, for example, may be

related to competition for animal pollinators (e.g., Rathcke in press).

Tight interdependence between the often conflicting demands of seed

dispersal, escape from seed predators, germination, and ultimately

establishment has been repeatedly documented (e.g., Stebbins 1971, Har¬

per 1977, Silvertown 1981, Willson 1983).

This chapter commences the life history of babassu with an analysis

of the palm's reproduction under a range of ecological conditions.

Thus, comparative phenological observations were conducted in the major

ecological zones of Maranhao where babassu forests occur. The wide¬

spread changes in land uses currently underway in Maranhao are likely to

have a profound impact on the reproductive biology of local populations

of the palm (e.g., see Moore 1977, Janzen 1978a). I therefore carried

out studies of babassu's phenology, floral biology, dispersal, preda¬

tion, germination, and seed fate under a range of land uses associated

with babassu.

38
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Methods

Phenology

I carried out monthly phenological observations of babassu from

January 1981 to March 1982. All adult palms at each site were labelled

and mapped. On the intensive study sites at Lago Verde, the sample

consisted of all adults in a 0.5-ha area; in each of the satellite sites

(Pindare Mirim and Caxias), 60 adults were randomly selected for obser¬

vation. The former site had been recently converted to pasture, whereas

the latter was in fallow following its use for shifting cultivation in

1979-80. These sites are representative of current management practices

of babassu stands in the seasonally wet savanna (Pindaré Mirim) and dry

woodland (Caxias) ecological zones of Maranhao. On the site at Pindare

Mirim, leaves of babassu had been harvested for thatch ca. 2 yr prior to

initiation of the study.

To permit observations of leaf production and loss, the palms were

climbed and green leaves were labelled by spraying paint on the under¬

sides of the rachises. To enhance the visibility of newly emerged

leaves, ca. 10 basal leaflets per side (representing ca. 5% of the

total) were removed from marked leaves. I calculated leaf production

per month by counting the newly formed (unlabelled) leaves that had com¬

pletely expanded in the crown; loss per month was determined by counting

the number of labelled leaves that liad fallen to the ground. Fallen

leaves were cut in half after being counted so as to prevent being

recounted in subsequent months, and the leaves of adjacent palms were
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painted with different colors and/or patterns to avoid confusing the

sources of fallen leaves.

As in other palms, the reproductive structures (inflorescences and

infructescences) in babassu are relatively few, large, and permanent.

In addition to obtaining separate data on each structure, I could thus

deduce its phenological activity during the ca. 1-mo interval since the

last observation. To prevent confusion among several flowering and

fruiting structures borne simultaneously on a palm, phenological obser¬

vations were accompanied by a measurement of the compass bearing of each

structure in relation to the palm stem. In the case of functionally

female inflorescences (containing at least one pistillate flower and a

variable number of staminate flowers that were usually inviable), I

distinguished the following categories: (1) inflorescence in flower

(pistillate flowers yellow); (2) infructescence with immature fruits

(fruits tan to brown and not falling); (3) infructescence with mature

fruits (fruits falling); and (4) infructescence with no fruits (all

fruits fallen). In the case of male inflorescences (containing exclu¬

sively staminate flowers), I distinguished the following categories:

(1) inflorescence in flower (flowers intact or falling); (2) inflores¬

cence in flower during the past month (flowers fallen, inflorescence
4

axes yellow to light tan); and (3) inflorescence in flower prior to past

month (inflorescence axes tan).

On the three study sites at Lago Verde, fruit production per month

was measured from September 1980 to April 1982. Mature infructescences

were harvested, and the number of fruits produced per infructescence was
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determined by counting fruits and/or calyces (in the case of abscised

fruits). A subsample of ca. 30 fruits from each infructescence was air-

dried and weighed to the nearest gram.

Considerable variability in the ratio of male to female inflores¬

cences (sex ratio) was observed among the palms in the phenological

study. To compare sex ratio variability on the population level, I

measured the distributions of inflorescence types in six populations.

Distributions were obtained by determining the percentage of each in¬

florescence type per palm. The inflorescences tend to remain attached

for several years following anthesis; my counts thus provided a long¬

term picture of reproductive behavior. Data were obtained from two

geographically isolated populations located in Tocantinópolis, Goiás,

and Pirapora, Minas Gerais. Additional data were obtained from four

populations located within my phenological study sites at Lago Verde,

Pindaré Mirim, and Caxias; all of the latter sites occur within the more

or less continuous band of babassu stands that stretches across north-

central Maranhao (Fig. 12).

Floral Biology

To determine duration of flowering in individual inflorescences, I

carried out daily phenological observations from 1-15 March 1982 on 38

palms on the secondary forest site and 15 palms on the pasture site.

Palms with bracts about to open were selected for observation. Flower¬

ing was judged to begin upon opening of the bract. Proportion of

flowers that ultimately became fruits was determined through examination
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of a random sample of 10 infructescences obtained in each of the two

habitats.

Studying pollination in babassu required recognition of female

inflorescences before they opened. As no morphological differences

could be discerned between the two inflorescence types prior to anthe-

sis, I distinguished them by opening a small slit in the bract and

examining the flowers within. In female inflorescences, the slit was

subsequently sealed with tape to prevent contamination.

To determine whether self-pollination occurs in babassu, sleeves

were designed to exclude external sources of pollen from female inflor¬

escences. Each sleeve was made of light-weight canvas in the form of a

tapered cylinder with a length of ca. 2.5 m and a maximum diameter of

ca. 0.5 m. Circular wires were sewn on the inside of the sleeve to

provide support, and a small polyethylene window was placed in the

middle to allow observation of the inflorescence. Entry by insects was

prevented by painting bands of insect trapping adhesive over the base

and tip of the inflorescence bract; one end of the sleeve was placed

over each band and securely shut with wire.

Small bags were designed to isolate individual pistillate flowers

from pollen sources. To reduce chances of contamination, the entire

inflorescence was covered with a sleeve prior to opening. Each flower

was individually bagged after the inflorescence had opened, and the

sleeves were subsequently removed. Time of pollination was estimated by

exposing pistillate flowers to external sources of pollen at different

periods following opening of the bract. To test whether parthenogenesis
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occurs in babassu, flowers were left bagged throughout the flowering

period, and I removed the pistils from others; both sets of flowers were

subsequently checked for fruit set.

Abundance and behavior of insect visitors to both inflorescence

types were determined by direct observation and collection. Sticky

traps were used to monitor insects between observations. Insect speci¬

mens were identified at the Museu Paraense Emilio Goeldi in Belem;

unidentified specimens were sent to specialists in Brazil and the U.S.

To determine whether wind pollination occurs in babassu, sleeves

were designed to exclude insect visitors from female inflorescences,

while permitting penetration of wind-borne pollen. The sleeves were

made out of nylon netting with a ca. 0.5-mm mesh, sufficient to exclude

all observed insect visitors. Dispersal of pollen by wind was monitored

through the use of pollen traps, which were distributed at regular

intervals on both the secondary forest and pasture sites. The trap

consisted of a microscope slide covered with a thin coat of vaseline;

the slide was placed inside a horizontally oriented section of 15-cm-

wide PVC pipe secured to a stake or stem. After a 1-wk exposure, the

slides were removed, covered, and subsequently examined in the labora¬

tory.

Fruit Biology

Dispersal. I monitored removal of babassu fruits in the pasture

and secondary forest, as well as on a nearby field. This latter site had

been cut, burned, and planted at the end of 1980. During the course of

the study, the site remained virtually abandoned except for sporadic
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harvesting of cassava, and dense regrowth became established. At each

of the three sites, 10 one-layered clusters of 25 fruits each were set

up, with a stake marking the center of each custer. Fruit movement was

measured at 1- to 2-wk intervals. The search for dispersed fruits was

conducted to a distance of 4 m from the stake. To label fruits, a 14-mm

staple was driven into the apex of each fruit. To eliminate human odor,

fruits were handled with gloves that had been thoroughly rubbed with

leaves and soil. I tested potential effects of the labelling technique

on dispersal agents by setting up four pairs of fruit clusters (25

fruits per cluster) on the secondary forest site. Dispersal was arbi¬

trarily defined as movement of more than 50 cm. No significant differ¬

ence (p = .19) was found in dispersal of labelled and unlabelled fruits,

according to the randomization test for matched pairs (Siegel 1956).

Predation. To monitor colonization by seed-predaceous beetles, six

fruit clusters were set up on the secondary forest site. I prevented

dispersal by stapling the apices of the fruits to a nylon line (10

fruits per line) attached to a stake. Twenty fruits were gathered from

each cluster at intervals of 0, 10, 20, 40, 80, and 160 d following

initiation of the experiment (27 October 1981). The fruits gathered

from each cluster were isolated in closed sacks to prevent further

predator colonization. After air drying, the fruits were opened to

determine total number of seeds, number of attacked seeds, and number of

beetle larvae per fruit.

Seed fate. To monitor the fate of seeds over time under various

environmental conditions, five fruit clusters were set up in each of
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three sites: secondary forest, pasture, and field. I prevented dis¬

persal by stapling the fruits to nylon lines attached to a stake. Twen¬

ty fruits per pile were gathered at the outset of the experiments (27

October 1981) and at 3-mo intervals during 1 yr.

I obtained a long-term (ca. 18 mo) measure of seed fate from fruits

used in the irrigation experiment (described in Chapter 4)» At the end

of this experiment, 20 fruits were gathered from each of five weeded

(sun) and five non-weeded (shade) plots that had not been irrigated. In

both seed fate experiments, gathered fruits were stored in closed sacks,

air-dried, and opened to determine numbers of eaten, defective (aborted

or rotted), germinated, and quiescent (viable but not germinated) seeds.

Germination. An experiment was set up on the secondary forest site

to monitor germination over time and to test for between-palm variabili¬

ty in fruit germination. Recently fallen fruits (100 from each of 10

palms) were dehusked to inhibit dispersal and planted in 40 plots (25

fruits per plot, four plots per palm). At ca. 1-mo intervals, I meas¬

ured germination by checking the base of each fruit for emergence of one

or more embryonic axes (i.e., plumule, cotyledonary node, and radicle).

I conducted additional experiments to test the effects of fire,

herbivory, and shading on germination of babassu fruits. These experi¬

ments were established on a cleared, periodically weeded site ca. 50 m

from secondary forest on well-drained soil. The fruits used in each of

these experiments (100 per treatment) were obtained from a single palm.

Unless otherwise specified, fruits were dehusked and placed on plots

shaded with suspended frames upon which babassu leaves were tied. At 1-
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wk intervals, the frames were lifted to check for germination. To test

the effects of fire, I exposed fruits to each of the following treat¬

ments: (1) a prolonged, high-intensity fire, simulating a forest fallow

burn; (2) a rapid, low-intensity fire, simulating a pasture burn; and

(3) no fire. To test the effect of consumption of the fruit mesocarp by

herbivores, I compared germination in fruits that had been dehusked

(epicarp and mesocarp removed, simulating the effect of herbivory) and

fruits that had not been dehusked. To test the effect of shading, I

planted 100 fruits on an exposed plot and 100 fruits on a plot shaded as

described as above.

Results

Phenology

Leaf turnover. Figure 16 shows data on leaf turnover of babassu at

the wet (Pindaré Mirim), intermediate (Lago Verde), and dry (Caxias)

sites; similar data from the primary forest, secondary forest, and

pasture sites are shown in Figure 17. At all sites, leaf production

peaked during the two rainy seasons and leaf loss peaked during the

single dry season of observations. As in palms generally, leaf produc¬

tion in babassu is synonymous with growth; the rainy season is, there¬

fore, the growing season for the palm. Over a 1-yr period after initia¬

tion of observations, no difference was detected among leaf production

rates per palm at the wet (x = 3.9), intermediate (x = 4«1), and dry (x

= 3.7) sites. By contrast, Duncan's Multiple Range test revealed signi¬

ficant differences (p ^.05) in rates of leaf production per palm at the

three Lago Verde sites; the order was pasture (x = 5.1) > primary forest
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Figure 16. Mean monthly gain and loss of leaves per palm on three
sites in Maranhao. Wet site = Pindaré Mirim, intermediate
site = Lago Verde, and dry site = Caxias. N= number of
palms observed per site. ND = no data.
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Figure 17. Mean monthly gain and loss of leaves per palm on three
study sites at Lago Verde. N = number of palms observed
per site. ND = no data.
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(x = 4.4) > secondary forest (x = 3.7). These results can probably be

attributed to differential shading of adult palms on the three sites.

Shading was lowest in the pasture. Potentially high shading in the

primary forest may have been reduced by the relatively pronounced canopy

roughness (which thus permitted greater lateral penetration of light)

and the emergent status of many of the adult palms. In the secondary

forest, shading was highest because the dense, uniform babassu stand

formed a closed, interlocking canopy.

Except at the wet site, leaf production and loss rates were approx¬

imately equal after 1 yr of observations; net gain for this period

averaged .05 leaves per palm, which is virtually steady state. Assuming

steady state conditions, one can divide the number of leaves borne per

palm (x = 18.2, n = 199) by annual production per palm (x = 4*1» n =

199) to obtain an average leaf lifespan of 4-4 yr. At the wet site,

production rates were far greater than loss rates; the net gain per year

was 3*3 leaves per tree. The low losses were probably due to leaf

harvesting for thatch 2 yr prior to initiation of the study. Yet gross

leaf production (x = 3.9) was not significantly different from the

combined mean obtained from the other sites (x = 4.1 )• I thus suspect

that the single defoliation had little effect on leaf production rate at

the wet site.

Flowering and fruiting. Data on inflorescence production for both

sets of sites are shown in Figures 18 and 19. Like leaf production,

flowering of babassu peaked during the rainy season and was lowest

during the dry season. The similarity of inflorescence and leaf pheno-
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Figure 18. Mean monthly production of male and functionally female
inflorescences per palm at three sites in Maranhao. Wet
site = Pindaré Mirim, intermediate site = Lago Verde,
and dry site = Caxias. N = number of palms observed per
site.
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Figure 19. Mean monthly production of male and functionally female
inflorescences per palm at three study sites at Lago
Verde. N = number of palms observed per site.
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logies is probably due to the physical association of the two struc¬

tures; each inflorescence is attached to the inner (adaxial) surface of

a leaf sheath. However, a ca. 1-yr lag occurred between a leaf's emerg¬

ence in the crown and the opening of its associated inflorescence.

Earlier inflorescence expansion was apparently prohibited by the tight

packing of newly emerged leaves near the top of the crown. Only contin¬

ued growth of the palm during the following rainy season loosened this

packing sufficiently to permit inflorescence expansion.

Dissection of crowns showed that each leaf base contains a single

inflorescence. Under suitable conditions, all inflorescences ultimately

develop to anthesis, thus resulting in an inflorescence-to-leaf produc¬

tion ratio of 1. Production data over the entire period of observations

revealed high ratios for the dry site at Caxias (1.02) and the pasture

at Lago Verde (1.04). (The possibility of obtaining inflorescence-to-

leaf production ratios greater than 1 results from counting these struc¬

tures simultaneously. A more accurate ratio would be obtained by com¬

paring production of leaves in a given year and production of their

corresponding inflorescences during the following year.) Shading prob¬

ably caused intermediate ratios on the primary forest (.92) and second¬

ary forest (.89) sites at Lago Verde. The low ratio at the wet site

(.69) can be attributed to the leaf harvest 2 yr previously. Babassu's

apparent response to defoliation was to increase inflorescence abortion

rather than to decrease leaf production.

No difference in the phenology of male and female inflorescences

was detected. Approximately 20% of total inflorescences were female in
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all populations observed, despite high variability (0-74%) among indi¬

vidual palms.

Variability on the population level was analyzed by comparing the

distributions of female inflorescences per palm in six populations (Fig.

20). Despite a wide range of ecological conditions, the four contig¬

uous populations (forest and pasture at Lago Verde, wet site at Pindaré

Mirim, and dry site at Caxias) showed no differences in distributions of

female inflorescences per palm, according to the Kolmogorov-Smirnov Test

(Siegel 1956). However, distributions in the two disjunct populations

(northerly site in Goiás and southerly site in Minas Gerais) were signi¬

ficantly different from the first four populations, as well as from each

other (p <.01 in all cases). These results suggest that the distribu¬

tion of female inflorescences per palm in populations of babassu is

governed by genetic factors. Potential implications of this finding are

discussed in Chapter 7.

Fruit production. At all sites, frequencies of immature infructes-

cences peaked as flowering ended in April-June and were lowest when

fruiting peaked in October-December (Figs. 21-22). This pattern was

consistent despite the wide range of climatic conditions among sites

(Fig. 13). According to phenological observations, there was a ca. 9-mo

lag between the flowering peak (January-March, Figs. 18-19) and the

fruiting peak (October-December, Figs. 23-24). Observations on indi¬

vidual palms confirmed that fruits require an average of 9 mo to reach

maturity.



FEMALE INFLORESCENCES
PER PALM (%)

Figure 20. Distributions of female inflorescences per palm in six
populations of babassu. Forest and pasture sites = Lago
Verde; wet site = Pindaré Mirim; dry site = Caxias;
northerly site = Tocantinópolis, Goiás; and southerly
site = Pirapora, Minas Gerais. N = number of palms ob¬
served per site.
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Figure 21. Mean monthly number of immature and mature inflorescences
per palm at three sites in Maranhao. Wet site = Pindaré
Mirim, intermediate site = Lago Verde, and dry site =
Caxias. N = number of palms observed per site.
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Figure 22. Mean monthly number of immature and mature inflorescences
per palm at three study sites at Lago Verde. N = number
of palms observed per site.



FRUITPRODUCTION(kg/ha)
Figure 23. Monthly fruit production per ha on three study sites

at Lago Verde. Values represent air-dried mass.



FRUITPRODUCTIONPERPALM(kg)
1981 1982

Figure 24. Mean monthly fruit production per palm on three study
sites at Lago Verde. Values are air-dried mass. N =
number of palms per site.
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Fruit yields per ha and per palm (Table 3) were highest in the

pasture, probably due to the moderate density and relative openness of

the babassu stand on this site. Per-ha yields were lowest in the pri¬

mary forest and intermediate in the secondary forest. This is probably

due to differences in palm densities, which were low in the primary

forest (48 mature palms/ha) and high in the secondary forest (150 mature

palms/ha). Conversely, per-palm yields were intermediate in the primary

forest and low in the secondary forest, probably due to increased shad¬

ing of mature palms on the latter site.

All three sites showed substantial increases in yields between the

1980-81 and 1981-82 fruiting seasons. On all sites the principal source

of these higher yeilds was an increase in the number of palms that bore

fruit; increased numbers of infructescences per fruiting palm consti¬

tuted the second most important source (Table 4).

Floral Biology

Fruit set. In the secondary forest, 78.4% (standard deviation =

24.3%) of flowers became fruits, 19-9% (24.3%) either aborted or were

not fertilized, and 1.7% (1.7%) were apparently attacked by the larvae

of an unidentified weevil. In the pasture, the figures were 82.1%

(20.7%), 17.1% (18.8%), and 0.8% (2.1%) respectively. These numbers

indicate high breeding success of babassu in both habitats.

Parthenogenesis. Fruit set consistently failed to occur in flowers

that were not exposed to pollen sources (n = 31 on three inflores¬

cences), as well as in flowers in which the stigmas had been removed



Table 3. Fruit yields of babassu per ha and per palm during
1980-81 and 1981-82 on three sites. Values are
oven-dried mass in kg.

SITE PER HECTARE PER PALM
1980-81 1981-82 1980-81 1981-82

Primary Forest 473 732 9.9 15.2

Secondary Forest 1328 1650 8.8 10.9

Pasture 1356 2866 15.4 32.6
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Table 4. Sources of increased fruit yields of babassu per
ha between 1980-81 and 1981-82 on three sites.
Numbers represent percent of total increase in
yields.

SOURCE SITE

Primary Forest Secondary Forest Pasture
Yield per Infructescence -6.5 -26.5 +12.3

Number of Infructescences
per Fruiting Palm

+39.4 +35.6 +24.7

SUBTOTAL

(Yield per Fruiting Palm)
+32.9 +9.1 +37.0

Number of Fruiting Palm +67.1 +90.9 +63.0

TOTAL 100.0 100.0 100.0
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(n = 8 on one inflorescence). These results indicate that parthenogen¬

esis does not occur in babassu.

Self-pollination. Inflorescences in babassu are generally either

male (containing exclusively staminate flowers) or female (containing at

least one pistillate flower and a variable number of staminate flowers

that are usually inviable). The former are far more numerous than the

latter. During a 3-wk period in March 1981, 21 (12%) of 173 inflores¬

cences examined contained pistillate flowers. Of these 21 inflores¬

cences, only three (14^) contained staminate flowers that shed pollen

and thus appeared to be viable. Consequently, most inflorescences that

contain pistillate flowers are exclusively female in a functional sense.

In a pistillate flower bagging experiment, fruit set occurred only

in flowers exposed 0-48 h after opening of the inflorescence; subse¬

quently exposed flowers did not set fruit. Thus pistillate flowers

appear to be receptive for a maximum of 48 h after inflorescences open.

In the three female inflorescences with functional staminate flowers

that I observed, pollen release invariably began more than 48 h after

opening of the inflorescence. In one of these inflorescences, fruit set

did not occur when external sources of pollen were excluded by bagging.

Thus pollen transfer from viable staminate flowers to receptive pistil¬

late flowers on the same inflorescence appears to be prevented by pro-

togyny.

Pollen transfer from male inflorescences to receptive female in¬

florescences on the same palm likewise appears to be rare. On a given

palm, simultaneous opening of the two inflorescence types is unlikely.
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In 21 female inflorescences observed, overlap of receptivity (0-48 h

after bract opening) with pollen release from a male inflorescence on

the same palm occurred only once.

The possibilities of inducing self-pollination in babassu are un¬

known. As inflorescences containing pistillate flowers are either func¬

tionally female or (more rarely) protogynous—and opportunities for

pollen transfer between inflorescences on the same palm are rare —self-

pollination is probably unusual under natural conditions.

Insect pollination. Presentation of complete data on abundance and

behavior of insect visitors to inflorescences of babassu awaits identi¬

fication of the specimens sent to specialists. A high diversity and

abundance of insects were observed visiting male infloresences, which

are odoriferous and produce copious pollen. Conversely, relatively low

insect diversity and abundance were found on female inflorescences, the

pistillate flowers of which give off no noticeable scent and do not

produce nectar. The only insect that occurred in abundance on both

inflorescence types was an undescribed species of Mystrops. This ca. 2-

mm long nitidulid beetle was found in sticky traps placed among the

leaves of palms that were not bearing inflorescences, which suggests

that it lives in the crowns of babassu. Prior to opening of either

inflorescence type, the beetles were observed to gather in the crown by

the hundreds or sometimes thousands. In a sample of flowers obtained

from an open male inflorescence, I consistently found more than one

beetle per flower; subsequent calculations produced an estimate of

48,300 staminate flowers on the inflorescence. The beetles were ob-
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served to feed on pollen and probably use both flower types as breeding

sites. Although they were far less abundant on female inflorescences,

more than one beetle was consistently observed entering each pistillate

flower. Entry was made either along the petal margins or, more common¬

ly, between the basally fused stigmas at the tip of the flower. Pollen

of babassu was found in isolated collections of My strops sp. obtained

from female inflorescences that contained no viable staminate flowers,

indicating pollen transport from another inflorescence. The beetles

were observed in both secondary forest and pasture, and similar speci¬

mens of My strops were collected from the crown of a babassu palm in

Pirapora, Minas Gerais, indicating that the association is widespread.

Wind pollination. Transport of babassu pollen by wind was re¬

peatedly confirmed by visual observations in both the pasture and sec¬

ondary forest sites. Preliminary analysis of pollen trapping data indi¬

cates a higher abundance of wind-borne pollen in the open pasture than

in the closed secondary forest. Variances in quantities of pollen-

trapped in both habitats were extremely high. Insect exclusion from one

female inflorescence in each habitat resulted in 57% fruit set in the

secondary forest (total =180 flowers) and 92% fruit set in the pasture

(total = 167 flowers). These results indicate that wind pollination

occurs in both habitats but may be more effective on the relatively open

pasture site.

Fruit Biology

Dispersal. The proportion of babassu fruits removed > 4 m was

significantly higher (p .01, one-way ANOVA) in the secondary forest
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than in the field or pasture (Fig. 25). In the secondary forest, fruits

were probably removed by pacas (Agouti paca) and agoutis (Dasyprocta

punctata). In the field and pasture, removal, was effected either by

domesticated animals or by runoff.

Predation. The only non-human seed predator of babassu observed at

my study sites was a species of bruchid beetle, Pachymerus nucleorum.

Attack of fruits and seeds by this predator (Fig. 26) occurred only

after fruit abscission (0 d). The rate of colonization increased sharp¬

ly at 10 d and leveled off at 40 d. Although ca. 70% of fruits were

colonized, only ca. 40% of seeds were destroyed; an average of 1.9 out

of a total of 3.1 seeds per fruit escaped predation.

Among fruits collected 40 d or longer after abscission, 20.1%

suffered predation of all seeds. Colonization of these fruits by P.

nucleorum was approximately the same regardless of the number of seeds

per fruit (Table 5). Because each larva was limited to one seed, how¬

ever, lower proportions of seeds were eaten as the number of seeds per

fruit increased (Table 5). These results suggest that selection by seed

predaceous beetles favors many-seeded fruits in babassu.

Seed fate. In my experiment on seed fate over time (Fig. 27), the

percentage of defective (aborted or rotted) seeds did not vary signifi¬

cantly among sites. After 1 yr, most of the seeds on the secondary

forest and pasture sites had succumbed to predation; removal of palm

trees that harbor seed-predaceous bruchid beetles probably resulted in

significantly lower levels of predation in the field (p .1.05, one-way

AN0VA). Largely due to differences in predation, percentage of quies-
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Figure 25. Removal of babassu fruits on three study sites
Verde. Shaded portions of bars show percentage
removed > 4 m.

at Lago
of fruits
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Figure 26. Attack of babassu fruits and seeds by the bruchid beetle,
Pachymerus nucleorum, over time. Bars represent ±1 standard
error.
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Table 5. Attack of babassu fruits and seeds by the seed-
predaceous beetle, Pachymerus nucleorum.

SEEDS/FRUIT FRUITS SEEDS
Total N Colonized Total N Colonized

N % N %

16 10 62.5 16 10 62.5

63 50 79.4 126 67 53.2

124 86 69.4 372 157 42.2

113 85 75.2 452 198 43.8

23 19 82.6 115 37 32.2

4 3 75.0 24 6 25.06
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Figure 27. Seed fate over time in three study sites at Lago Verde.
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cent seeds was significantly greater in the field after 1 yr (p - .05,

one-way ANOVA). The relative lack of shading in the pasture probably

accounted for the significantly lower percentage of germinated fruits in

this habitat (p - .01, one-way ANOVA).

In the experiment on long-term (18 mo) seed fate, the percentage of

fruits with -1 germinated seed(s) was significantly higher (p i .01,

Chi-square test) on non-weeded plots (62%) than on weeded plots (1%).

Conversely, the percentage of fruits with -1 quiescent seed(s) was

significantly higher (p - .05, Chi-square test) on weeded plots (78%)

than on non-weeded plots (28%). I suspect that these latter seeds were

quiescent rather than dormant; their germination was probably low due to

insufficient moisture on the non-weeded plots. These results suggest

that under relatively exposed conditions, babassu seeds can maintain

their viability for extended periods.

Germination. Figure 28 shows babassu's cumulative germination over

time, beginning at the peak of fruiting during the latter part of the

dry season. Most germination occurred ca. 3 mo after fruit fall; high

soil moisture conditions prevalent during the rainy season are probably

necessary for successful germination. Although this seasonal pattern of

germination appears to be relatively constant in babassu, germination

success of fruits obtained from different palm trees varied-considerably

and in some cases significantly (Fig. 29). As all fruits were planted

under identical conditions, these results suggest that observed intra-

specific variability in babassu's germination may be under genetic

control.



CUMULATIVEGERMINATION(%)

71

Figure 28. Cumulative germination of babassu fruits over time. Inter¬
vals represent - 1 standard error. Shaded bars represent
rainfall. Data were obtained from 14 November 1981 to 20
April 1982.
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Figure 29. Germination in fruits obtained from 10 babassu
palms. Each hatched bar represents one palm;
intervals represent il standard error.



Table 6. Germination of babassu fruits in four

experiments. Asterisks indicate significant
differences (* for p S05, ** for p.S.01).

EXPERIMENT .QJO.M..I N A T I 0 N (ft)
Treatment Control

Removal of Mesocarp 54 « 34

Intensive Burn 10 3* 54

Moderate Burn 58 54

Shading 66 * 0
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The abundance of seedlings and juveniles on burned sites has led to

the suggestion that fire promotes germination in babassu (Smith 1974)*

Removal of the mesocarp by dispersal agents and shading could also

stimulate germination in the palm. Results of experiments designed to

test these hypotheses are shown in Table 6. I found that a moderate

fire, such as occurs annually in pastures, had no effect on germination

success. However, fruits exposed to an intensive fire, such as occurs

when forest fallow is burned in shifting cultivation, exhibited signifi¬

cantly reduced germination (p £.01, Chi-square test). Removal of the

mesocarp, simulating the effects of dispersal agents, was found to

promote germination of babassu (p £.05). Likewise, germination was

significantly higher in shaded fruits than in fruits left in the sun

(p£.01). This final response probably results from enhancement of

germination by higher soil moisture levels in the shade.

Discussion

Phenology

Babassu's phenology showed remarkable constancy over a wide range

of ecological conditions. The general pattern was a pronounced peak in

leaf production and flowering during the wet season, while leaf loss and

fruiting peaked during the dry season. Despite its dry-season peak,

flowering within a given population occurred in most months. Male

inflorescences were generally more abundant than female inflorescences,

and I could detect no seasonal variation in sex ratios within the popu¬

lations observed.
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Leaf and inflorescence production in babassu are strongly cor¬

related due to the close physical association of the two structures.

Nevertheless, most phenological studies of palms in their natural habi¬

tats (e.g., Mora Urpi and Solis 1980, Bullock 1981, Myers 1981, Beach in

press) have dealt exclusively with reproductive components. To my

knowledge, studies of both leaf and inflorescence production in palms

have been limited to cultigens under plantation conditions (e.g., Child

1974, Hartley 1977). In the African oil palm, for example, leaf produc¬

tion occurs throughout the year, which results in nearly continuous

flowering (Corley et al. 1976); in babassu, leaf production and flower¬

ing tend to be seasonal. Likewise, the minimum annual rate of leaf

production in oil palm recorded in the literature is ca. 18 leaves

(Corley et al. 1976), compared to a mean of ca. four leaves in babassu.

Probably as a result of its high rate of leaf production, minimum leaf

lifespan in wild stands of oil palm in Nigeria is only 2.1 yr (Zeven

1967); in babassu, mean leaf lifespan is 4*4 yr. I believe that this

latter figure has important implications for management of babassu under

shifting cultivation, a topic explored further in Chapter 7.

As has been documented in many other species (e.g., Harper 1977,

Janzen 1978b, Pinero and Sarukhan 1982), fruit yields in babassu vary

considerably from year to year. As is the case in oil palm (Hartley

1977), I suspect that climatic factors such as rainfall may have a

significant effect on annual variability in babassu's fruit yields. The

influence is probably most pronounced at the time of inflorescence

differentiation rather than at fruit set. Examination of developmental
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series shows that inflorescence types (male or female) can be clearly

distinguished up to 12 leaves prior to the newest emerged leaf. Given

an average production of ca. four leaves per year, this means that sex

determination occurs at least 3 yr prior to leaf expansion in the crown,

4 yr prior to flowering, and nearly 5 yr prior to fruiting. Detecting

possible relationships between climate and yield will therefore require

long-term studies of babassu's phenology.

Pollination

My results indicate that reproduction in babassu is predominantly

or perhaps exclusively via outcrossing, and that pollination is effected

by nitidulid beetles and wind. Such a combination of pollination sys¬

tems has been observed in other species of palms (Uhl and Moore 1977,

Moore and Uhl 1982). The coconut (Cocos nucífera) appears to be polli¬

nated by either honey bees or wind in Hawaii (Shodt and Mitchell 1967).

The oil palm was thought to be exclusively wind-pollina ted (Hartley

1977), but a recent study (Syed 1979) has implicated weevils as pollina¬

tors within the palm's natural range in West Africa and thrips on the

Malay peninsula. Likewise, Myers (1981) suggested that both wind and

insects effect pollination in Raphia taedigera in Costa Rica. Nitidulid

beetles are rarely cited as pollinators (Faegri and van der Pijl 1979),

but their role in the pollination of palms has either been documented

(Essig 1971) or implicated (Dransfield 1982). Wind pollination in palms

has been reported since antiquity, according to Faegri and van der Pijl

(1979).
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In babassu, insect pollination is probably predominant in forests,

while wind pollination is likely to be enhanced in open habitats such as

pastures. Neither system is exclusive of the other, and both may have

come into play during babassu's evolutionary history. Predominance of

male inflorescences; small (20 ym in diameter), monosulcate pollen

(personal observation); and lack of nectaries all point to pollination

by wind (Moore and Uhl 1982). Yet the strong scent produced by babas¬

su's staminate flowers and the bright inner surface of its inflorescence

bracts suggest adaptation to insect pollinators as well. The combina¬

tion of two pollination systems clearly enhances the palm's adaptability

to a wide range of ecological conditions.

Dispersal

The fruits of many palms are fleshy and colored, and obviously

adapted for dispersal by animals (Corner 1966, van der Pijl 1969, Kiltie

1981). Birds are probably the principal dispersal agents of palms

(McKey 1975), although mammals such as rodents and primates (including

humans) also feed on their fruits and disperse their seeds (Burtt 1929,

Janzen 1 971).

The dispersal of babassu fruits by animals other than humans occurs

almost exclusively within forested habitats, where pacas (Agouti paca)

and agoutis (Dasyprocta punctata) are abundant. These rodents carry

fruits to less exposed micro-sites (often > 4 ® distant, Fig. 25), where

the starchy mesocarp is partially or completely consumed and the fruits

abandoned. Scatterhoarding of babassu fruits by these rodents apparent¬

ly does not take place. Other mammals that I observed or were reported
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by local inhabitants to feed on the mesocarp (but not the seeds) of

babassu fruits include porcupines (Coendú prehen si lis and Coendú sp.),

spiny rats (Proechimys longicaudatus and Mesomys hispidus), and pec¬

caries (Tayassu ta.1acu and T. pécari, both locally extinct). None of

these species appears to have a significant role in dispersal of babassu

fruits.

My field observations indicate that water-mediated dispersal is a

significant factor on relatively open sites such as pastures. Here soil

compaction results in increased surface runoff, by which fruits were

observed to be carried distances of ca. 25 m. The potential role of

water-mediated dispersal is far greater. Dissemination by rivers large¬

ly accounts for the present distribution of babassu over nearly half a

continent (see Chapter 2).

Although it remains undocumented, the role of humans in the disper¬

sal of babassu is potentially significant. As discussed in Chapter 2,

the present occurrence of babassu in the Brazilian state of Ceará may be

due to dissemination by indigenous peoples. Today settlers throughout

the Amazon region commonly transplant babassu to areas where it did not

formerly occur. On a local scale in Maranháo, gathering of babassu

fruits is a widespread activity, particularly among women. Intensity of

fruit gathering is especially high on relatively open, accessible sites

such as pastures. Although the seeds from almost all gathered fruits

are ultimately consumed, some accidental dispersal occurs during gather¬

ing and transport. More significantly, perhaps, is the role of human

gatherers of babassu fruits as agents of selection. People prefer-
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entially gather large, many-seeded fruits for extraction of the oil-rich

seeds; smaller, few-seeded fruits are left to regenerate.

Although rodents, runoff, and people play significant roles as

dispersal agents, babassu's massive fruits (usually >100 g) are rela¬

tively immobile. This immobility constitutes a crucial limiting factor

in the palm's ecology and largely accounts for its current distribution

(see Chapter 2). Reduced dispersal is the price babassu pays for en¬

hanced protection from seed predators.

Predation

Of 28 insect species known to feed on babassu (Table 7), nine are

potential seed predators. Most of the latter feed on stored seeds; the

only seed-predaceous insects under natural conditions are two species of

bruchid beetle: Pachymerus nucleorum and Carybruchus lipismatus. Of

these, only the former was present at all of my study sites in Maranhao.

Popularly known in Brazil as bicho do coco, the larvae of this beetle

prey on the seeds of a wide variety of palms, including economic species

such as ca rnauba (Copernicia prunifera), li curi (Syagrus cor onata),

piassava (Attalea funifera), tucum (Astrocaryum vulgare), coconut (Cocos

nucífera), and African oil palm (Elaeis guineensis). The penetration of

babassu fruits by this beetle was described by Bondar (1936). Ovi¬

positing beetles remain in the crown of babassu during the day; at night

they deposit eggs on the surfaces of fallen fruits. The odor of the

fermenting fruit mesocarp probably attracts ovipositing beetles (see

Janzen 1971). Such attractants appear to persist for a maximum of 40 d

after fruit abscission, after which colonisation of babassu fruits by



Table7.Preliminarychecklistofinsectsthatfeedonbabassu.Asterisks indicateeconomicallyimportantpests.Source:CostaLima(1967-68). LCULLLLm

Stored

TAXONStemsLeavesInflorescencesFruitsSeeds
Homoptera Asterolecaniidae 1.Asterolecaniumsp.+ Diaspididae 2.Aspidiotusdestructor+

Lepidoptera Phycitidae 3.Cadracautella+ 4.Plodiainterpunctella+
Coleóptera Bruchidae 5.Carvobruchuslipismatus* 6.C_tpergandei 7.Pachvmerusnucleorum* 8.£j_olearius* Bostrichidae 9.Dinoderusminutus Cerambycidae 10.Macrodontiacervicornis+ Chrysomelidae 11.Coraliomelabrunnea Cleridae 12.Necrobiarufipes* Dermestidae 13•Dermestesater*

++
+

++
+

+

+

+



Table7.cont'd.

OCCURRENCE

TAXON

Stems

LeavesInflorescences
Fruits

Stored Seeds

Coleóptera(cont'd) Cucujidae 14.OrvzaeDhilussurinamensis*

+

Curculionidae Baridinae 15.Tonesiababassu

+

Cholinae 16.Horaalinotuscoriaceus*

+

17.B,validus

++

+

Petalochilinae 18.Celestesbabassu

+

19.Cfmosesi

+

20.C.orbienvae

+

21.C.rosentali

+

22.C,teixeira-leitei

+

Pyropinae 21.Belopoeussp.

+

24.B.orbienvae

+

25.Rhinostomusbarbirostris
+

26.RhvnchoDhorusDalmarum*
+

27.SDhenoDhorussdd.

+

Nitidulidae 28.CarDODhilussdd.*

+
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beetle larvae apparently ceased (Fig. 26). Approximately 15-18 d fol¬

lowing oviposition, tiny (0.75 x 0.10 mm) larvae emerge and proceed to

the base of the fruits. Penetration takes place through the germination

pores, which offer minimal resistance. Prior to abscission, fruits are

attached at the bases and their germination pores are thus protected,

which explains why fruits are only attacked after they fall. Approxi¬

mately 2-3 d after penetration begins, the larvae reach the seeds.

Observations of fruit colonization revealed a maximum of one larva per

seed chamber (locule), suggesting that late arrivals are probably canni¬

balized (see Janzen 1971); movement between seed chambers is prohibited

by the thickness of the inner endocarp walls. One seed provides suffic¬

ient food for a larva's complete development. Adults emerge ca. 2.5 mo

after oviposition by burrowing a ca. 8-mm-wide exit hole through the

endocarp.

In a closely related palm (Scheelea rostrata) in Costa Rica, Brad¬

ford and Smith (1977) found that ca. 60% of the fruits lost all their

seeds to a predaceous bruchid beetle (Caryobruchus buscki) or to ro¬

dents; in babassu, the total figure was ca. 20% (excluding potential

losses to humans). A key component of this high predator escape is the

predominance of many-seeded fruits in babassu (Table 5); in contrast,

most (ca. 95%) fruits in the Costa Rican population of Sh rostrata were

one-seeded (Bradford and Smith 1977). In both species, the proportion

of seeds eaten by predators declined as the number of seeds per fruit

increased. Thus, in S;_ rostrata mean seed losses to predators in one-,

two-, and three-seeded fruits were 61 %, 46%, and 40%, respectively
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(Bradford and Smith 1977); the corresponding figures for babassu—62%,

53%, and 42% (Table 5)—are remarkably similar. The trend suggests that

in both species, selection by seed predators favors many-seeded fruits.

However, such selection probably operates within strict constraints.

Bradford and Smith (1977) found that in rostrata, individual seeds in

one-seeded fruits contained 46% and 123% higher energy content than

those in two- and three-seeded fruits, respectively. Seedlings from

one-seeded fruits should therefore have a competitive advantage, In

addition, seedlings emerging from the same many-seeded fruit compete

intensively with each other, further increasing the competitive advan¬

tage of seedlings from one-seeded fruits. The number of seeds per fruit

thus represents a compromise between opposing selective forces.

The endocarp of babassu is exceptionally thick (x = 49.8 mm, s.e. =

1.1) and resistant to crushing (Fig. 30) compared to other species of

palms. It would thus appear to provide effective deterrence against

seed predators. Yet the figures cited above indicate that levels of

predation in one- to three-seeded fruits are almost identical in babassu

and 5k rostrata, despite the latter's comparatively thin endocarp (4-5

mm, according to Bradford and Smith 1977). As described above, seed-

predaceous beetles penetrate the fruits of babassu via the germination

pores, where the endocarp is least resistant; entry is effected in 2-3 d

(Bondar 1936). The thick endocarp of babassu thus appears to provide

little deterrence against the palm's most effective seed predator.

Conversely, the endocarp completely deters other potential predators

such as rodents and squirrels; only monkeys (e.g., Cebus apella and
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Jessenia bataua (20)

Astrocoryum cf. macrocalyx (34)

Socrotea exhorrhiza (35)

Iriarteo ventricosa (32)

Mauritia flexuosa (7)

Scheelea sp. (19)

Phyfelephas microcarpa (17)

Orbiqnya martiana (6)

II l l |
0.05 0.1

1 1 1—l—I 'I l |—
0.5 1.0

FORCE TO BREAK (t)

i I i i r
5.0 10.0

Figure 30. Force required to break palm fruits. Intervals represent "t
1 standard deviation; values in parentheses are sample sizes.
Data for Orbignya martiana from Fonseca (1924); data for all
other species from Kiltie (1982).
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Aotus trikingatus. according to local informants) successfully prey on

babassu by pulling off immature fruits and consuming the liquid endo¬

sperm within (see Izawa and Mizuno 1977). Thus seed predators either

are completely deterred or successfully bypass babassu's thick endocarp.

I suspect that there is no predator currently exerting sufficient selec¬

tive pressure to account for the evolution of this extraordinary struc¬

ture. Coevolution with large, Pleistocene mammals (Janzen and Martin

1982) thus provides the most satisfactory explanation for the origin of

the thick, massive fruits characteristic of babassu.

Germination

The results of my experiments indicate that germination in babassu

is least successful on disturbed sites such as pastures and shifting

cultivation plots, where shading is minimal, fires either frequent or

intensive, and mesocarp-removing dispersal agents rare. While germina¬

tion success of babassu is thus reduced, its peculiar mode of germina¬

tion confers upon the palm an extraordinary capacity to recover from the

stresses inherent to these sites.

Germination in babassu occurs when one or more embryonic axes

emerge from the germination pores at the base of the fruit. Each axis

enters the soil and penetrates to a variable depth, where it subse¬

quently differentiates into roots and leaves (Fig. 31). This so-called

cryptcgeal mode of germination is found throughout the Attalea alliance

and in distantly related palm genera such as Acanthococos and Sabal

(Corner 1966), as well as in many other plant families (Jackson 1974).

In plants that exhibit cryptogeal germination, the shoot arises from
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7i<>ure 31. Cryptogeal germination in babassu. from left to right,
seedlings were 1-, 4-, 8-, and 14-wk old. Scale - 15 cm.
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below ground even though the seed germinates on the surface. In the

case of babassu, the underground meristem in seedlings and stemless

juveniles enables them to regenerate on sites that are subject to cut¬

ting and burning. Many species exhibiting cryptogeal germination occur

in fire-prone habitats, and Jackson (1974) proposed that it represents

an evolutionary response to fire. However, I suspect that babassu—as

well as many of its relatives in the Attalea alliance—evolved in moist,

forested habitats where natural fires were infrequent (see Chapter 2).

The presence of cryptogeal germination in these species is more likely

due to the general lack of secondary growth throughout the family.

Lateral expansion of the palm stem is accomplished by so-called estab¬

lishment growth (Tomlinson and Zimmermann 1966), during which the stem

takes on a highly unstable, obconical shape. One of the means by which

palms provide support for this structure is to bury their shoot axes

underground.

Regardless of the selective pressures that brought about its evolu¬

tion, there is no doubt that cryptogeal germination plays an important

role in the current proliferation of babassu on sites subjected to human

disturbances.



CHAPTER 4
ESTABLISHMENT

Establishment from seed consists of seedling recruitment and

subsequent growth. This constitutes a particularly vulnerable phase of

a plant's life cycle (Harper 1977). Following successful dispersal to a

microsite suitable for germination, most seedlings face death due to

such causes as shading, damage by falling litter, herbivory, disease, or

drought. Combinations of these causes may occur; for example, shaded

seedlings are more susceptible to disease than non-shaded seedlings

(Taher and Cooke 1975).

Due to the success of babassu in attaining community dominance, the

palm's performance during the vulnerable establishment phase is of

special interest. In this chapter, I describe experiments designed to

test babassu's performance during establishment. Performance includes

both adaptiveness and competitiveness. The former is delimited by

physiological limits of tolerance; the latter is controlled by the

intensity of competition (Hutchinson 1957). Adaptiveness and competi¬

tiveness of babassu were respectively monitored on weeded and non-weeded

plots. The experimental treatments consisted of the presence or absence

of subsidies in the form of (1) irrigation, (2) fertilization, (3)

insecticide applications, and (4) climate. The hypothesized outcomes

(Table 8) predicted that adaptiveness would be higher under subsidized

conditions, whereas competitiveness would be higher under non-subsidized

conditions. Precedent exists for this latter prediction. Stresses such

88
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Table 8. Hypothesized success of babassu in four experiments.
Success results from the interaction of adaptiveness
to the stress factor (weeded plots) and
competitiveness (non-weeded plots). Predicted
results are indicated by the digits: 1 = most
successful, . . . , 4 = least successful.

EXPERIMENT STRESS FACTOR WEEDED NON-WEEDED

Insecticides 1 4
Insecticide

No Insecticides 2 3

Fertilizers 2 3
Fertilizer

No Fertilizers 2 3

Irrigation 1 4

Irrigation

-

No Irrigation 2 3

Wet Climate 1 4
Climate

Dry Climate 2 3
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as nutrient-poor soils (Connell 1978), flooding (Hoopes 1974), intensive

herbivory (Churchill et al. 1964), and increasing dryness (Gentry 1982)

have repeatedly been implicated as important causal agents of reduced

diversity—with concomitant increases in dominance by one or a few

species—in plant communities.

Methods

Experiments involving irrigation, fertilization, and insecticide

applications were set up in Lago Verde, Maranhso; the climate experiment

was carried out at Lago Verde (dry site) and Belém, Para (wet site).

The Lago Verde site consisted of ca. 10-yr-old secondary forest

dominated by juvenile babassu. An area of ca. 5,400 m2 was cut on 15

September and burned on 30 October 1980. To promote homogeneity,

remaining unburned material was subsequently gathered into piles and

burned again. To prevent future confusion between planted and previ¬

ously established seedlings and juveniles, the latter were killed either

by uprooting (in the case of seedlings) or by driving stakes into the

apical meristems following defoliation (in the case of juveniles). This

latter technique often had to be repeated to achieve the desired effect.

On 26-27 November 1980, eighty 5 x 2 m plots were set up and 160 babassu

fruits planted in each. With the exception of the climate experiment

(described below), fruits were obtained locally and virtually all had

ripened (i.e. abscised) within the past month, according to local infor¬

mants. The husks were removed to promote germination and inhibit

dispersal by animals. Fruits were partially buried to prevent dispersal

by runoff.
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The Belem site consisted of ca. 8-yr-old secondary forest in which

babassu was absent. The soil was a Dystrophic Yellow Latosol (Brazilian

classification system), equivalent to a Xanthic Ferrasol (FAO Legend) or

Haplorthox (U.S.D.A. Soil Taxonomy). Monthly rainfall for the site is

p
shown in Figure 13. An area of ca. 1,600 m was cut on 1 October and

burned on 10 November 1980. Subsequent site preparation was identical

to that used at Lago Verde. Twenty plots were set up and babassu fruits

planted on 19-21 November 1980.

At each site, four composite soil samples (each comprised of 10

cores) were obtained after clearing and before burning the fallow.

After air drying, all soil samples were analyzed at the soil laboratory

of the Centro de Pesquisa Agropecuária do Trópico Umido (CPATU) in

Belem. Soil pH was determined in a 1:1 aqueous solution. Organic C was

determined by the Walkley-Black (193*0 wet digestion method. Total

soil N was determined by the regular macro-Kjeldahl method (Black 1965).

Cations and P were extracted by the double acid extraction method (0.5 N

HC1 and 0.025 N H2S0^). Cations were analyzed by atomic absorption

spectrophotometry; P was analyzed colorimetrically.

On half the plots at Lago Verde and Belem, competitors of babassu

were periodically weeded. Time intervals between weedings ranged from 4

wk during the wet season to 10 wk during the dry season.

Babassu's density, leaf area per palm, and leaf area index (LAI)

were measured ca. 10, 14, and 18 mo after initiation of the experiments.

Density of babassu was calculated as the number of germinated fruits per

m^. To determine the relationship between leaf length and leaf area
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(Fig. 32), 60 entire leaves of varying lengths were harvested from

babassu seedlings; the leaves were then traced and the cut-out tracings

passed through an area meter (Li-Cor Model 3100). The LAI of babassu

was determined by measuring all leaf lengths, converting to areas and

dividing the sum by the total area of the plot. To permit accurate

measures of individual growth without bias due to newly germinated

seedlings, I calculated leaf area per palm using only those seedlings

present since the first measurement (ca. 10 mo after initiation of the

experiments).

An additional measure of growth was obtained after the experiments

had run ca. 18 mo (May 1982) by harvesting above-ground biomass of

babassu (which consisted entirely of leaves as stems had not emerged)

within the central 4 x 1 m area of each plot. (A 50-cm border was left

to reduce edge effects.) The harvested material was oven-dried at 70C

and weighed to nearest gram.

A measure of competitiveness was obtained by comparing the biomass

of babassu with that of other species on the non-weeded plots. Biomass

of species other than babassu was separated into the following compo¬

nents: (1) flowers and fruits; (2) green leaves, green branches, and

green stems; (3) brown branches and brown stems; and (4) standing dead.

Competitiveness was further measured by periodically determining the LAI

of babassu relative to its competitors. The LAI was measured by

lowering a plumb bob onto 20 points distributed throughout each 5 x 2 m

plot, excluding margins; at each leaf contact, the species and 50-cm

height interval were recorded. This method underestimates true LAI by
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Figure 32.

LEAF LENGTH (cm)

Leaf area as a function of leaf length in seedlings of
babassu. The best fit was: leaf area (cm'1) = 0.0741
leaf length (cm) “ + 1.1302 leaf length (cm) + 19.9644.
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an amount dependent on the leaf's deviation from the horizontal (Ewel et

al. 1982).

Irrigation Experiment

This experiment followed a 2 x 2 completely randomized design

involving 20 plots. On alternate days beginning 15 January 1981, each

of 10 plots was irrigated with 40 L of water, which was equivalent to an

irrigation of 0.4 cm depth.

Fertilizer Experiment

This experiment followed a 2 x 2 completely randomized design

involving 20 plots. Following advice of local agronomists, fertilizer

dosages equivalent to 40 kg N (as NH^), 40 kg P (as P20^), and 20 kg K
(as KC1) per ha were applied to 10 plots on 28 December 1980. Identical

dosages of N were applied at 2-mo intervals, and of P and K at 4-mo

intervals. Composite soil samples from all 20 plots, comprised of 10

subsamples per plot, were obtained at the conclusion of the experiment

(15 May 1982).

Insecticide Experiment

This experiment followed a 2 x 2 randomized complete block design

involving 20 plots. Application of insecticide and nematicide was

blocked to minimize between-plot contamination. At weekly intervals

beginning on 30 January 1981, 10 plots were sprayed with a 4 cc per 10-L

solution of the non-systemic insecticide, synthetic pyrethrum (known

commercially as Decis). At monthly intervals beginning on 28 December

1980, 2 g/m2 of the systemic nematicide Furadan 5 G FMC were applied.
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Climate Experiment

This experiment followed a 2 x 2 completely randomized design in

two blocks (dry and wet sites), thus involving a total of 40 plots. To

test for possible ecotypic differences between locally adapted

populations, fruit origin was superimposed as a treatment. In addition

to Lago Verde, fruits were obtained from a population of babassu near

the village of Tracuateua, ca. 200 km E of Belem (Fig. 9).

The variances of the data on babassu's performance (Tables 9 to 15)

were not homogeneous according to Bartlett's test (Snedecor and Cochran

1978) but were generally proportional to the square of the means. The

values were therefore logarithmically transformed. Statistical analyses

were performed on the transformed data; means are reported for

untransformed data. Statistical analyses involved application of the

general linear model (Freund and Littell 1981) followed by Duncan's

Multiple Range test when significant differences were detected.

Results

A consistent outcome of the irrigation (Fig. 33), fertilizer (Fig.

34), insecticide (Fig. 35), and climate (Fig. 36) experiments was higher

seedling recruitment (as measured by density) on the non-weeded plots.

Conversely, seedling growth (as measured by leaf area per palm) was

consistently higher on weeded plots. However, the second effect

consistently failed to compensate for the first effect, and babassu's

overall LAI was consequently higher on the non-weeded plots in all

experiments.
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o

Figure 33. Palms per m (a), leaf area per palm (b), and leaf area
index (c) of babassu over time in irrigation experiment.
Bars represent ±1 standard error.
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Figure 34. Palms per (a), leaf area per palm (b), and leaf area
index (c) of babassu over time in fertilizer experiment.
Bars represent í 1 standard error.
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. Palms per (a), leaf area per palm (b), and leaf area
index (c) of babassu over time in insecticide experiment.
Bars represent ±1 standard error.

Figure 35
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2
Figure 36. Palms per nr' (a), leaf area per palm (b), and leaf area

index (c) of babassu over time in climate experiment. Bars
represent ±1 standard error.
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Irrigation experiment

In addition to the presence of other plants (henceforth referred to

as competitors), irrigation had a pronounced effect on germination in

babassu, as indicated by the high density of palms on irrigated plots

(Table 9a). Weeded plots that were not irrigated contained a signifi¬

cantly lower (p _^.01) palm density than any other treatment combination.

But irrigation was a less effective means of promoting germination than

competitor presence, as indicated by the significantly lower (p±.05)

density of palms on weeded, irrigated plots than either treatment combi¬

nation on non-weeded plots. Irrigation did not influence growth (Table

9b), and babassu's substantially higher LAI (Table 9c) on irrigated

plots is consequently due to increased density of the palm under irriga¬

tion.

Effects of irrigation on babassu's competitors appear to be

minimal. Competitor LAI was substantially higher on non-irrigated plots

(Table 14). However, dry mass of competitor leaves was marginally

greater on irrigated plots (Table 15). The higher overall mass of

competitors on non-irrigated plots is almost entirely attributable to

standing dead.

Fertilizer experiment

Application of substantial levels of N, P, and K had no effect on

the performance of either babassu or its competitors (Tables 10, 14, and

15). No differences in the relatively mobile N and K were detected

between treatments, ca. 2 mo after the final application of fertilizers
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(Table 16); only the relatively immobile P (in the form of P2O5) was

significantly higher (p <_.05) on the fertilized plots.

Insecticide experiment

Application of insecticides produced no effect on density (Table

11a), a significant reduction in babassu's growth (p £_ 0.01, Table 11b),

and a substantial reduction in its LAI (p - .07, Table 11c). As the

latter two effects were consistent on weeded as well as non-weeded

plots, I conclude that one or both of the insecticides used in the

experiment may have a debilitating effect on babassu's growth.

With competitors present, relative LAI (Table 14) and relative

biomass (Table 15) of babassu were substantially higher when insecti¬

cides were not applied. These results appear to be due to an apparently

negative effect of the insecticides on babassu combined with their

apparently positive effect on the vegetation as a whole. All components

of competitor dry mass were higher (Table 15)—and LAI of competitors

other than grasses significantly higher (p £..01, Table 14)—when

insecticides were applied. However, plots without insecticides were

characterized by a significantly higher LAI of vines (p £.05, Table

14). Application of insecticides thus resulted in reduced dominance by

vines, higher overall competitor vigor, and absolute and relative

decreases in babassu's performance.

Climate experiment

In addition to the presence of competitors, climate had a pro¬

nounced effect on germination in babassu, as indicated by the high

density of palms on wet climate plots (Tables 12a and 13a). Weeded
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Table 9. Palms per m (a), leaf area per palm (b),
and leaf area index (c) of babassu at end of
irrigation experiment. Asterisks indicate
significant differences (* for p £ .05)
between main effect means. Where there is
interaction between main effects, super¬
scripts are used to compare treatment means.
Values that do not share the same superscript

(a)

differ significantly (p £ .05).

Palms Der m2
No Irrigation Irrigation Mean

Not Weeded 28.1a 26.4a 27.2

Weeded 3.6b l8.4b 11.0

Mean 15.8 22.4

(b) Leaf Area Der Palm (cm2)
No Irrigation Irrigation Mean

Not Weeded 256.0 259.0 257.5
£

Weeded 358.6 329.0 343-8

Mean 307.3 294.0

(c) Leaf Area Index

No Irrigation Irrigation Mean

Not Weeded .26 .31 .29
*

Weeded . 10 .08 .14

Mean .18 .24
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Table 10. Palms per m2 (a), leaf area per palm (b), and
leaf area index (c) of babassu at end of
fertilizer experiment. Asterisks indicate
significant differences (** for p ±.01)
between main effect means.

(a)
p

Palms der nr

No Fertilizers Fertilizers Mean

Not Weeded 27.8 25.4 26.6
*•

Weeded 2.5 3.8 3.2

Mean 15.2 14.6

(b) Leaf Area per Palm (cm2)
No Fertilizers Fertilizers Mean

Not Weeded 248.2 302.6 275.4
»*

Weeded 444.0 476.6 460.3

Mean 346.1 389.6

(c) Leaf Area Index
No Fertilizers Fertilizers Mean

Not Weeded .26 .25 .26

Weeded . 10 .14 .12

Mean .18 .20
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Table 11. Palms per m2 (a), leaf area per palm (b), and
leaf area index (c) of babassu at end of
insecticide experiment. Asterisks indicate

(a)

significant differences (** for p ±
between main effect means.

Palms Der m2

.01)

No Insecticides Insecticides Mean

Not Weeded 30.8 27.6 29.2
**

Weeded 5.8 5.4 5.6

Mean 18.3 16.5

(b) Leaf Area Der Palm (cm2)
No Insecticides Insecticides Mean

Not Weeded 350.0 226.4 288.2
»»

Weeded 552.8 402.8 477.8

Mean 451.4 ** 314.6

(c) Leaf Area Index

No Insecticides Insecticides Mean

Not Weeded ■=ron• .29 .31
»*

Weeded .17 .11 .14

Mean .25 .20



105

Table 12. Palms per m2 (a), leaf area per palm (b), and
leaf area index (c) of babassu at end of
climate experiment, with climate and weeding
as main effects. Asterisks indicate

significant differences (** for p £.01)
between main effect means. Where there is
interaction between main effects, superscripts
are used to compare treatment means. Values

(a)

that do not share the same superscript differ
significantly (p £.05).

p
Palms Der nr

Drv Climate Wet Climate Mean

Not Weeded 25.0a 26.5a 25.8

Weeded 3-9° 13-9b 8.9

Mean 14.4 20.2

(b) Leaf Area per Palm (cm2)
Drv Climate Wet Climate Mean

Not Weeded 231.2b 254.2b 242.7

Weeded 433.0a 278.7b 355.8

Mean 332.1 266.4

(c) Leaf Area Index
Drv Climate Wet Climate Mean

Not Weeded .25 .39 .32
*»

Weeded .13 .19 .16

Mean .19 ** .29
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Table 13. Palms per m2 (a), leaf area per palm (b), and
leaf area index (c) of babassu at end of
climate experiment, with climate and ecotype
as main effects. Asterisks indicate

significant differences (** for p £ .01)
between main effect means. Where there is
interaction between main effects, superscripts
are used to compare treatment means. Values
that do not share the same superscript
significantly (p £.05).

differ

(a)
O

Palms Der m

Drv Climate Wet Climate Mean

Dry Ecotype 14.9 21.0 18.0

Wet Ecotype 14.0 19.4 16.7

Mean 14.4 ** 20.2

(b) Leaf Area Der Palm (cm2)
Drv Climate Wet Climate Mean

Dry Ecotype 371.9a 231.0° 301.4

Wet Ecotype 292.3b'c 301.9a,b 297.1

Mean 332.1 266.4

(c) Leaf Area Index
Drv Climate Wet Climate Mean

Dry Ecotype .23b .24b onC\J

Wet Ecotype .16° .34a .25

Mean .19 .29



Table14.Leafareaindex(LAI)ofbabassuandcompetitorsinfour experiments.MeasurementswereobtainedduringMay1982in ca.18-mo-oldvegetation.ValuesareexpressedasLAI;mean percentoftotalLAIinparentheses.Significant differencesareshownas*(pf..05)or##(p.01). IrrigationFertilizersInsecticidesClimate No

Yes

No

Yes

No

Yes

Drv

Wet

COMPETITORLAI Grasses

1.2

1.0

0.7

0.8

1.0

1.2

0.8

«

1.7

Vines

0.6

0.3

0.2

0.1

1.2

*0.2

0.2

0.3

Others

3.2

2.3

2.1

2.0

2.5

**3.9

3.8

**

1.3

TotalCompetitors
5.0

3-6

3.0

2.9

4.7

5.3

4.8

**

3.3

BABASSULAI

0.18

0.24

0.18

0.20

0.25

0.20

0.19

**

0.29

(3.5)

(6.3)

(5.8)

(6.4)

(5.1)

(3.6)

(3.8)
**

(8.1)

TOTALLAI

5.2

3.8

3.1

3.1

4.9

5.5

5.0

*«

176



Table15.Ovendriedmassofbabassuandcompetitorsinfour experiments.Vegetationwasca.18-mooldattimeof harvest(May1982).Valuesaregperm^;meanpercent oftotaldrymassinparentheses.Significant differencesareshownas*(p£.05). IrrigationFertilizersInsecticidesClimate No

Yes

No

Yes

No

Yes

Drv

Wet

COMPETITOR Fruits

9.8

5.8

37.8

37.3

7.6

24.0

16.5

21.3

Leaves

247.5

285.0

391.0

516.0

476.5

740.0

457.0

427.2

Stems

744.5

664.5

724.8

930.8

927.0

3,013.0

1,690.0

421.2

StandingDead

749.6

167.4

105.8

32.4

88.3

106.7

72.3

31.2

TotalCompetitors
1,751.4
1,122.7

1,259.4
1,516.4

1,499.4

3,883.7

2,235.8

900.9

BABASSU

33.0

32.5

34.6

32.6

40.8

33.2

28.3

36.1

(2.5)

(2.8)

(3.3)

(2.7)

(4.3)

(1.4)

(2.3)
*(4.3)

TOTAL

1,784.4
1,155.2

1,294.0
1,549.0

1,540.2

3,916.9

2,264.1

937.0

108



109

Table 16. Soil chemistry of four treatments at end of nutrient
experiment. Values are mean (standard deviations) of
five samples from 0-15 cm, each a composite of 10 cores.

FERTILIZED NOT FERTILIZED

Weeded Non-weeded Weeded Non-weeded

C (%) 0.59
(0.10)

0.58
(0.10)

0.53
(0.13)

0.67
(0.13)

Organic matter (%) 1.02
(0.17)

1.00
(0.17)

0.90
(0.22)

1.12
(0.20)

N (%) 0.07
(0.01)

0.07
(0.01)

0.06
(0.02)

0.07
(0.01)

C/N 8.4 8.3 8.8 9.6

P205 (ppm) 3.24
(0.60)

2.89
(0.83)

1.65
(1.30)

1.13
(0.35)

pH in H2O 5.58 5.92 5.62 5.92

pH in KC1 4.94 5.24 4.82 5.40

Ca + Mg (meq/lOOg) 2.97
(0.50)

3.22
(1.36)

2.50
(0.82)

3.80
(1.02)

Na (meq/lOOg) 0.08
(0.06)

0.07
(0.01)

0.08
(0.05)

0.13
(0.12)

K (meq/100g) 0.24
(0.06)

0.35
(0.14)

0.24
(0.08)

0.42
(0.06)

H (meq/100g) 2.04
(0.60)

3.01
(1.60)

1.84
(0.25)

1.75
(0.53)

A1 (meg/100g) 0.00
(0.00)

0.00
(0.00)

0.00
(0.00)

0.00

(0.00)

Total Bases (meq/100g) 5.34
(0.94)

5.32
(0.92)

4.66
(1.01 )

6.09
(1.21)

Base Saturation (%) 62.0
(6.5)

66.4
(10.3)

59.6
(5.7)

70.4
(9.3)
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Table 17. Soil chemistry of experimental sites at Lago Verde
and Belem. Samples were obtained after clearing and
before burning the fallow. Values are means
(standard deviations) of four samples from 0-15 cm,
each a composite of 10 cores.

Lago Verde
(Drv Climate)

Belem
(Wet Climate)

C (%) 0.6 (0.1) 2.2 (0.3)

Organic Matter (%) 1.0 (0.2) 1.6 (0.4)

N (%) 0.1 (0.0) 0.2 (0.0)

C/N 6 11

P205 (ppm) 3.8 (2.9) 1.2 (0.5)

pH 5.6 3-9

Ca + Mg (meq/100 g) 3.0 (0.8) 0.1 (0.1)

Na (meq/100 g) 0.1 (0.1) 0.0 (0.0)

K (meq/100 g) 0.4 (0.1) 0.1 (0.1)

H (meq/100 g) 1.6 (0.4) 3-7 (0.9)

A1 (meq/100 g) 0.0 (0.1) 1.7 (0.2)

Total Bases (meq/100 g) 5.1 (0.8) 5.6 (0.7)

Base Saturation (Í) 68.2 (6.9) 7.7 (3-3)
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plots under the dry climate contained a significantly lower palm density

than any other treatment combination (p £.01, Table 12a). Like

irrigation, however, the wet climate was less effective in promoting

germination than competitor presence, as indicated by the significantly

lower (p £.05) density of palms on weeded, wet climate plots than on

non-weeded plots under either the wet or dry climate.

Responses in individual growth were complex. Leaf area per palm

was significantly higher on weeded, dry climate plots than under any

other treatment combination—including weeded, wet climate plots

(p £..01,' Table 12b). This suggests that conditions under the dry

climate were more favorable for babassu's growth, possibly due to higher

soil fertility (Table 17). However, there were also significant

differences in ecotypic responses (Table 13b). Under both climates,

individual leaf area was significantly higher (p £ .05) in palms

produced from local fruits. But the data on leaf area per palm indicate

that dry ecotype palms performed less well in the wet climate thán wet

ecotype palms in the dry climate. This suggests that some compensatory

factor such as soil fertility (Table 17) was operating at the dry

climate site.

Leaf area index was significantly higher at the wet climate site

(p £ .01, Table 12c), which is attributable to increased germination

under the wet climate. In both climates, LAI was significantly higher

in palms produced from local fruits (p £ .05, Table 13c).

With competitors present, relative LAI (Table 14) and biomass

(Table 15) of babassu were significantly higher under the wet climate
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(p £.01 and p £ .05, respectively). These responses are largely

attributable to decreased vigor of competitors. Under the dry climate,

stem and total biomass of competitors were substantially higher (Table

15)—and competitor LAI significantly higher (p £ .01, Table 14)— than

under the wet climate. The latter site, however, was characterized by a

significantly higher LAI of grasses (p £ .05, Table 14). Lower soil

fertility (Table 17) at the wet climate site may account for the lower

overall competitive vigor and a shift to greater dominance by grasses,

with concomitant increases in babassu's relative performance.

Discussion

Seedling Growth

In the experiments described above, babassu's performance was

separated into two components: growth (leaf area per palm) and density

(palms per m2). As in other palms (e.g., Rees 1963), growth in babassu

was consistently enhanced on weeded plots. Growth likewise showed

significant responses to ecotype. Enhanced growth by locally obtained

palms at each site indicates differential adaptation between populations

of babassu, rather than mere acclimitization to local conditions.

Experimental application of subsidies in the form of irrigation,

fertilization, or insecticides did not enhance growth in babassu. The

lack of response in either babassu or its competitors to fertilizers was

particularly striking. Under the relatively high soil fertility

characteristic of the Lago Verde site, nutrients may not be limiting to

plant growth. Alternatively, a nutrient other than N, P, or K may have

been limiting on the site. On fertile volcanic soils in Costa Rica,
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growth of early successional vegetation was likewise not enhanced by

application of fertilizers (Harcombe 1977). I predict that growth of

babassu (on competition-free plots) and its competitors (on non-weeded

plots) would be enhanced by application of fertilizers. The results of

the climate experiment provide indirect support for this prediction.

Growth of babassu (on competition-free plots) and its competitors (on

non-weeded plots) was significantly enhanced under what were presumed to

be less favorable climatic conditions at the dry site (Lago Verde). The

relatively high soil fertility at this site compared to the wet site

(Belem) seems to be the most likely cause of this response (Table 17).

Seedling Recruitment

As mortality of babassu was extremely low in these experiments, I

shall consider density to be essentially synonymous with seedling

recruitment. The latter term is more useful in the discussion that

follows.

In the experiments described above, responses in recruitment were

much more pronounced than responses in growth. Recruitment was consist¬

ently enhanced on plots that were not weeded, irrigated, or located in

the wet climate. The response was due to increased germination, which

probably resulted from higher soil moisture levels on these plots.

Competitor presence had a consistently greater effect on recruitment

than either irrigation or the wet climate. Likewise, recruitment

contributed more substantially to babassu's overall performance (as

measured by LAI) than did growth. Thus competitor presence was the key

factor governing babassu's performance during the 18 mo experiments.
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This is a clear case of facilitation, in which the presence of an

earlier plant community promotes the recruitment of a subsequent

species. Despite unrealistically high densities of planted fruits

p
(ló/m^), seedling recruitment of babassu was extremely low on weeded

plots. This suggests that, under natural conditions, initial

recruitment of babassu requires the presence of previously established

competitors.

Facilitation of recruitment does not always translate into net

facilitation, because inhibition later in the life cycle may be stronger

than the initial facilitation (Turner 1983). The experiments described

in this chapter show that whereas competitors facilitate recruitment in

babassu, they also inhibit subsequent growth. In the following chapter,

I shall examine growth of babassu under conditions of high competitor

abundance.



CHAPTER 5
GROWTH AND PRODUCTIVITY

This chapter completes the life cycle of babassu with an analysis

of the palm's growth and productivity. Growth refers to the annual

increment of a morphological parameter (stem height or leaflets per

leaf) in individual palms. Productivity is here defined as the above¬

ground mass produced per unit time either by a population or by indi¬

viduals. Both growth and productivity are relatively easy to measure in

palms. As in other monocotyledons, secondary growth does not occur in

palms due to an absence of a lateral cambium, and primary growth above

the ground is generally limited to a single shoot apex. For practical

purposes, growth of the stem can thus be measured simply as changes in

height over time (Tomlinson 1963). Likewise, because leaves and repro¬

ductive structures tend to be few and large, direct measures of produc¬

tivity are relatively easy in palms. They are therefore ideal subjects

for studies of both growth and productivity.

In this chapter, I examine growth and productivity in individual

palms of different ages, as well as productivity in populations growing

under differing environmental conditions. The objective is to determine

how resources are allocated among the various components of the palm or

population; the goal is a deeper understanding of how growth and repro¬

duction are controlled in babassu.

115
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Methods

Growth

To measure growth in babassu, I defined 12 life stages based on

distinctive morphological characters (Table 18). On the primary and

secondary forest sites, a sample of palms from each stage was labelled

and mapped. Total sampling area allocated for each stage was 0.05 ha

for stage 2, 0.1 ha for stage 3, 0.2 ha for stages 4-5, and 0.5 ha for

stages 6-12.

In stages 2 and 3, vertical stem growth had not begun and leaf

measurements provided the only indicators of growth. Leaf size in

babassu continued to increase through stage 5 and thus appeared to be

positively correlated with growth in early life stages. On the newest

fully expanded leaf of each palm in stages 2 and 3, I measured the

length of the rachis and the number of leaflets on each side; both were

remeasured after 1 yr. Annual changes in rachis lengths produced a far

greater coefficient of variation than did annual changes in leaflets per

leaf. I therefore selected the latter as a more reliable measure of

growth. This measure was used to calculate a mean growth rate of palms

in stages 2 and 3. In both the primary and secondary forests, a high

percentage (ca. 50%) of these palms exhibited negative or negligible

growth rates. If all individuals measured were used to derive mean

growth rates, I calculate that the average time for a palm to pass

through stages 2 and 3 would be 207 yr in the secondary forest and 738

yr in the primary forest. As these numbers are clearly untenable, I

arbitrarily assumed that individuals exhibiting negative or zero growth
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Table 18. Definition of 12

STAGE

life stages of babassu used in study.

BEGINNING

DescriDtion Number

Seeds 1 Abscission of fruit

Seedlings 2 Appearance of first
leaf following germination

Pre-established juveniles 3 Initial division of leaf
blade

Etablished juveniles 4 Leaflets > 100 per side

5 Height 100 cm

6 Height > 200 cm

Mature palms 7* Height _> 500 cm

8 Height > 1000 cm

9 Height > 1500 cm

10 Height > 2000 cm

11 Height > 2500 cm

12 Height > 3000 cm

•Stage includes palms that had not flowered and thus were not
reproductively mature.
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rates were doomed and did not use them to calculate mean growth rates or

residence times. Independent correlation of age estimates with a his¬

torically known event (see Chapter 6) indicates that this assumption is

probably reasonable.

Growth rates in stages 4-12 were calculated as change in height per

year. Height of the palm was defined as the distance from the ground to

the sheath apex of the newest expanded leaf; this was initially measured

to nearest 5 cm either directly (stages 4-8) or with an inclinometer

(stages 9-12). After 1 yr, the height of palms in stages 4-8 was

remeasured directly. For taller palms, mean increment per leaf was

calculated as the length of stem covered with leaf bases divided by the

total number of leaf bases. Growth rates were then calculated as the

product of the mean increment per leaf multiplied by the number of

leaves produced per year.

Productivity

Lack of branching and above-ground stem thickening greatly facili¬

tated the measurement of productivity in babassu. Whereas most studies

estimate annual production of leaves and reproductive structures indi¬

rectly through sampling of litter fall, in babassu it was possible to

measure these components directly. My measurements consequently avoided

potential underestimates due to reabsorption, decomposition, and leach¬

ing prior to abscission. Losses due to herbivory were not measured but

were probably negligible.

Population productivity. I measured production of above-ground

components in all life stages of babassu present on the primary and



119

secondary forest sites over a 1-yr period (1 April 1981 - 31 March

1982). Due to grazing, cutting, and burning, productivity measurements

in the pasture were limited to a 0.5-ha sample of mature palms.

To account for population turnover during the 1-yr period, I ob¬

tained data on population-wide mortality and recruitment during censuses

carried out at 6-mo intervals at each site (see Chapter 6). Productivi¬

ty of palms that died during the first interval was not calculated;

productivity of palms that died during the second interval was calcu¬

lated for the first interval. In the case of newly recruited seedlings,

productivity was calculated as estimated growth by the final census.

Annual height increments of palm stems were measured in the above-

defined sampling areas of each population. To obtain a regression

between stem biomass and height, I randomly selected seven stems for

felling and measurement of dimensions; three subsamples per stem (ca.

25-cm high cross sections from the basal, middle, and apical portions of

each stem) were oven-dried at 70C and weighed. In palms <1.78 m tall,

the stem (i.e., apical meristem) had not emerged from underground. The

regression obtained for palms M.78 m tall was:
o

stem biomass (kg) = 46.1 stem height (m) - 82.1, r = 0.99.

Using height increment data and this regression, annual stem production

was calculated for palms in the sampled areas and corrected to a per-ha

basis.

The mean number of leaves produced per year in each life stage was

determined by monitoring leaf production in the above-defined areas of

each population. To obtain data on leaf mass, one newly expanded leaf
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from each of 30 randomly selected palms was harvested, oven-dried, and

weighed; leaflets and leaf axes (sheath, petiole, and rachis) were

weighed separately. For each of the 30 palms, I multiplied the mass of

its leaf by the mean number of leaves produced per year in the corres¬

ponding life stage. The estimated leaf productivity of each palm was

then plotted against its age (estimated separately for each site) to

produce the following regressions for the primary and secondary forests,

respectively:

logtleaf production (kg/yr)] = -0.001[age (yr)]2
+ 0.125 age (yr) + 0.042, r2 = 0.98;

log[leaf production (kg/yr)] = -0.001[age (yr)]2
+ 0.146 age (yr) + 0.033, r2 = 0.99.

Using these regressions, annual leaf production was calculated for palms

in the sampled area and corrected to a per-ha basis.

Inflorescence and fruit production in mature palms was monitored

over the 1-yr period (see Chapter 3). Samples of three staminate and

three hermaphroditic inflorescences were oven dried to obtain mean mass

of bracts, peduncles, rachises, and rachillae. Mean oven-dried mass of

staminate flowers per inflorescence was estimated from a sample of three

inflorescences. Mature infructescences were harvested monthly, and the

number of fruits produced per infructescence was determined by counting

fruits and/or calyces. A sample of ca. 30 fruits from each infruces-

cence was air-dried and weighed. A correction factor for calculating

oven dried mass was obtained from a sample of five fruits.
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Individual productivity. Productivity of individual palms as a

function of age was calculated using the primary forest population,

where long-lived palms were represented. I calculated the productivity

of each above-ground component separately. For leaves, I used the

regression describing leaf productivity as a function of age provided

above. For stems, I first converted the mean annual height increment of

each stage (Table 19) to mass using the mass-height regression provided

above. I then plotted stem biomass increment against the mean age of

each stage. For reproductive components, I likewise plotted each

stage's mean annual production against its mean age.

Lifetime productivity refers to an individual palm's production of

above-ground biomass over the maximum lifespan of babassu. Maximum

lifespan was assumed to be equal to the estimated age of the tallest

palm on the primary forest site. Lifetime productivity of leaves and

reproductive structures was obtained by integrating their respective

functions describing annual productivity as a function of age. Lifetime

stem productivity was assumed to be equal to the stem mass of the

tallest palm on the primary forest site, which was estimated using the

mass-height regression provided above.

Results

Growth

Data from the primary and secondary forests (Tables 19 and 20,

respectively) indicate that babassu's initial growth was extremely slow.

According to the mean growth rate measurements, an average of ca. 38 yr

in the primary forest and ca. 29 yr in the secondary forest elapsed
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Table19.Estimatedgrowthratesandagesofbabassupalmsintheprimary forestsiteatLagoVerde.StagesaredefinedinTable18.N= numberofpalmsmeasured.
NLEAFLETSPERSIDEHEIGHT(cm)TIMEINAGEATEND RangeinStageperYearRangeinStageperYearSTAGE(vr)OFSTAGE(vr) min.max.x(s.d.)min.max.x(s.d.)x(s.d.)x

6.0(3.1)6.0

92

4.0

9.5

.92

( .48)

24

10.0

100.0

2.85

(1.73)

25

■a—

8

14 14 10

2 2 2

1

0

99

9.4

(6.5)

100

199

14.0

(9.5)

200

499

46.6

(28.7)

500

999

53.4

(13.1)

1000

1499

37.3

(13.4)

1500

1999

23.5

(3.5)

2000

2499

18.7

(6.1)

2500

2999

14.4

(2.8)

3000

3499

8.0

( —)

31.6

(

19.3)

37.6

10.5

(

7.4)

48.1

7.1

(

4.8)

55.2

6.4

(

4.0)

61.6

9.3

(

2.3)

70.9

13.4

(

4.8)

84.3

21.2

(

3.2)

105.5

26.7

(

8.7)

132.2

34.7

(

6.7)

166.9

62.4

(

—)

229.3
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Table20.Estimatedgrowthratesandagesofbabassupalmsinthesecondary forest number

siteatLagoVerde,
ofpalmsmeasured.

Stages
aredefined
inTable18.
N=

STAGE

N

LEAFLETSPERSIDE

HEIGHT
(cm)

TIMEIN

AGEATEND

Range

inStage

DerYear

Range

inStage

DerYear

STAGE(vr)
OFSTAGE(vr)

min.

max.

x(s.d.)

min.

max.

x(s.d.)

x(s.d.)

X

2

200

4.0

9.5

.98(.57)

—

—

—

5.6(3.3)

5.6

3

64

10.0

100.0

3-89(3.23)

—

—

—

23.1(19.3)

28.7

4

57

—

—

—

0

99

8.6(6.8)
11.5(9.2)

40.2

5

9

—

—

—

100

199

8.2(3.9)
12.1(5.8)

52.3

6

22

—

—

—

200

499

44.7(21.1)
6.7(3.2)

59.0

7

62

—

—

—

500

999

41.9(14.5)
11.9(4.1)

70.9

8

41

__

__

1000

1499

40.5(11.4)
12.3(3.5)

83.2

123
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between germination and initiation of vertical stem growth. Slower

growth rates in the primary forest are probably indicative of greater

suppression of seedlings and pre-established juveniles in this habitat.

Percentage of palms in these stages exhibiting zero or negative growth

rates was higher in the primary forest (65.2%) than in the secondary

forest (58.9%).

The high variances in early life stages (Tables 19 and 20) suggest

that mean growth rates are not a good measure of success. Palms that

ultimately became established were probably situated in light gaps,

where growth rates were enhanced. This may have been especially true in

the primary forest, where established palms (stages 4-8) almost invari¬

ably grew faster than in the secondary forest. In both habitats, verti¬

cal growth rates were initially slow until the palm surpassed ca. 200

cm, whereupon they increased rapidly, peaking at stage 7 in the primary

forest and stage 6 in the secondary forest. These stages immediately

preceeded or coincided with initiation of inflorescence production, when

resources were diverted from growth to reproduction. In both habitats,

growth rates steadily declined in subsequent stages. The mean growth

rates obtained for these later stages had far lower variances than in

earlier stages, which is probably indicative of greater chances of

survival following establishment.

Productivity

The data on growth indicate that babassu is both slow growing and

long-lived. The tallest palm (31.4m) on the primary forest site had an

estimated age of 184 yr. Over the entire lifetime of this palm, a large
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proportion of total above-ground production was allocated to reproduc¬

tive structures (44.8%) and leaves (39.4%), while only 15.8% went to

permanently accruing biomass in the stem (Table 21). Partitioning of

above-ground productivity varied considerably according to age (Figs.

37-40).

Likewise, a comparison of mature palms on the three study sites at

Lago Verde (Table 22) shows that productivity varied considerably

according to site. On the forested sites, absolute productivity per

palm—as well as relative allocation to the palm's various components—

were almost identical. However, productivity of all components in¬

creased dramatically in the pasture. Allocation to vegetative com¬

ponents (i.e., stem and leaves) increased by ca. 40% and allocation to

reproductive structures by almost 100%.

Among the entire populations of babassu on the primary and second¬

ary forest sites, partitioning of productivity to stems, leaves, and

reproductive structures was strikingly similiar (Table 23). The consis¬

tently high allocation to leaves (ca. 70%) is attributable to high

densities of seedlings and juveniles, in which above-ground productivity

is allocated exclusively or primarily to leaves. In fact, most of the

leaf productivity in the two populations was due to seedlings and juve¬

niles; of total stand productivity, the leaves of these palms comprised

43.1% in the primary forest and 37.9% in the secondary forest.



Table 21. Partitioning of above-ground dry matter produc¬
tion of babassu over an estimated life span of
184 yr.

j£_ _I_

LEAVES

Leaflets 1,141 12.8

Leaf Axes 2,386 26.7

Subtotal Leaves 3,527 39.4

STEMS 1,412 1 5.8

REPRODUCTIVE STRUCTURES

Male Inflorescences 439 4.9

Female Inflorescence Axes 437 4.9

Female Inflorescence Bracts 265 3.0

Subtotal Ancillary Structures 1a.14.1-. 12.8

Fruit Walls 2,661 29.8

Seeds 200 2.2

Subtotal Fruits 2.861 32.0

Subtotal Reproductive Structures 4,002 44.8

TOTAL 8.941 100.0



Table22.
SITE PrimaryForest SecondaryForest

Annualabovegrounddrymatterproductionofmaturebabassu palms

onthreestudysites
atLagoVerde.

PRODUCTIVITYPERPALM(kg/yr)
DENSITY

PRODUCTIVITY: (t*ha-^*yr'

Stem

Leaves

Reproductive Structures
Total

(palms/ha)

18.1

48.8

22.0

88.9

48

4.3

18.4

48.7

20.7

87.8

152

13.3

25.2

66.7

40.2

132.1

88

11.6

Pasture
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Table 23. Annual above-ground dry matter production of all babassu
palms on the primary and secondary forest sites at Lago
Verde. Values are kg*ha-”''yr-"' (percentages in paren¬
theses).

PRIMARY FOREST SECONDARY FOREST

LEAVES

Leaflets 1,873 (21.6) 4,726 (19.1)

Leaf Axes 4,208 (48.4) 12,053 (48.7)

Subtotal Leaves 6,081 (70.0) 16,779 (67.8)

STEMS

REPRODUCTIVE STRUCTURES

1.545 (17.8) 4.804 (19.4)

Ancillary Structures 323 ( 3.7) 1,502 ( 6.1)

Fruits 732 ( 8.4) 1,650 ( 6.7)

Subtotal Reproductive Structures 1.055 (12.2) 3.152 (12.8)

TOTAL 8,681 (100.0) 24.735 (100.0)
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Discussion

Growth and Productivity

Partitioning of dry matter production changes considerably during

the potential life of a babassu palm growing on the primary forest site

(Figs. 37-38). Although root productivity was not measured, excavations

revealed that most dry matter production is initially allocated to

roots. Following germination, a root system forms prior to expansion of

the first leaf (Fig. 31). The system continues to enlarge during the

period of so-called establishment growth (Tomlinson and Zimmermann

1966), when the underground stem gradually increases in girth. The base

of the stem forms an inverted cone from which adventitious roots arise.

These roots provide crucial support for the mechanically unstable stem

during establishment growth (Holttum 1955, Zimmermann 1973); as dis¬

cussed in Chapter 3, the underground placement of the apical meristem

via cryptogeal germination provides additional support in babassu.

Establishment growth continues until the stem approaches maximum girth,

whereupon stem growth becomes predominantly vertical (Waterhouse and

Quinn 1978).

At the beginning of the seedling stage, most above-ground produc¬

tion (ca. 70%) is allocated to photo synthetic tissues (leaflets). As

the palm grows, however, increased allocation goes to support in the

form of leaf axes and, ultimately, the stem. Prior to commencement of

emergence of the stem from the soil, allocation to leaf axes comprises

over 70% of total productivity. These axes provide crucial support, as

the leaves at this time approach their maximum length and are oriented
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Figure 37. Absolute allocation of annual above-ground dry matter
production per babassu palm as a function of age.
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Figure 38. Relative allocation of

production per babassu
annual above-ground dry matter
palm as a function of age.
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vertically. Thus, a stemless palm is able to place photosynthetic

tissue ca. 8 m above the ground; the leaf axes are also green and

consequently provide additional photosynthesis.

Exclusive allocation of above-ground productivity to leaves during

the stemless phase may provide an important competitive edge to babas¬

su, as well as to rainforest palms in general. These leaves act essen¬

tially as "throw-away" branches that permit stemless palms to occupy

large volumes at a comparatively low metabolic cost (Givnish 1978).

Channelling of above-ground productivity to photosynthetic tissues may

thus enable palms to persist for extensive periods in the understory,

until events such as gap openings provide opportunities for vertical

growth.

Because the apical meristem of pre-established juveniles is buried,

babassu's stem begins to grow long before it emerges from the soil.

Allocation of productivity to the stem actually begins at germination.

Vertical growth commences at ca. 38 yr in the primary forest site. The

stem does not emerge from the soil until the palm is ca. 50-yr old, by

which time the shoot is ca. 178-cm long. Until the onset of reproduc¬

tion, allocation of above-ground productivity to the stem rapidly in¬

creases (Figs. 37-38), and stem growth attains its highest rates (Table

19).

Reproduction begins when the palm is still below the forest canopy.

As the palm reaches the canopy at ca. 90 yr of age, partitioning of

productivity to reproductive structures increases rapidly. At the same

•time, total productivity peaks and subsequently undergoes a steep de-
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cline (Fig. 37), probably due to the increased metabolic costs of main¬

taining a long stem (Zimmermann 1973). This decline is absorbed princi¬

pally by the palm's vegetative structures, especially the leaves; pro¬

ductivity of reproductive structures decreases moderately but continues

to increase on a relative basis.

At the outset of reproductive activity, most inflorescences pro¬

duced are male (Fig. 39). As the palm approaches the canopy, produc¬

tivity of female inflorescences and seeds per palm increases rapidly,

peaking at 104 yr. Productivity of female inflorescences (Fig. 39) and

seeds per palm (Fig. 40) subsequently undergoes moderate decline, while

productivity of male inflorescences increases. As wind pollination

occurs in babassu (see Chapter 3), pollen dispersal from emergent palms

is thus enhanced, which probably results in increased outcrossing.

At high densities, populations of babassu may attain high produc¬

tivity. The population on the secondary forest site, for example,

produced ca. 25 t of dry matter per yr (Table 23). Although the esti¬

mated productivity of the babassu stand is less than that of the entire

secondary forest, it is nonetheless one of the highest figures recorded

for a forested site, whether native or planted (Kira 1975, Cannell

1982). Among the few forested sites that I have found with higher

above-ground dry matter production (31.3 t*ha“ *yr“ ) is a plantation of

African oil palm in Malaysia (Ng et al. 1968). A common feature of both

babassu stands and oil palm plantations is that most of their produc¬

tivity is allocated to leaves, which are not permanently accruing and

thus may be relatively inexpensive to produce (Givnish 1978). In fact,
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Figure 39. Annual number of inflorescences produced per palm
as a function of mean age per life stage. Arrow
indicates age of youngest mature palm on the pri¬
mary forest site, where data were obtained.
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Figure 40. Annual number of seeds produced per palm as a function
of mean age per life stage. Bars represent +1 standard
error. Arrow indicates age of youngest mature palm on
primary forest site, where data were obtained.
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bypassing the production of permanently accruing structures such as

stems is a highly successful strategy in many grass-dominated agricul¬

tural ecosystems, which are the most productive of terrestial sites

(Loomis and Gerakis 1975). As has been shown for babassu, palms may be

more similar to grasses than to other trees in terms of their allocation

of dry matter production. The productivity of wild stands or planta¬

tions of palms can thus be extremely high yet not as conspicuous as that

of plantations comprised of fast-growing trees such as Eucalyptus spp.

and Gmelina arbórea, in which dry matter production is allocated pri¬

marily to stems.

Reproduction

Studies of resource allocation in palms include estimates of dry

matter production over the potential life of Corypha elat a (Tomlinson

and Soderholm 1975), Jessenia ba taua (Balick 1980), and As trocar yum

mexicanum (Sarukhan 1980). Approximately 45% of the mass of above¬

ground components produced over a 184-yr lifetime in babassu was allo¬

cated to reproductive structures (Table 21). This is higher than simi¬

lar measures of allocation to reproductive structures in As trocaryum

mexicanum (37%), Jessenia bataua (34%), and Corypha elata (17%).

With the exception of Corypha elata, the figures cited above gen¬

erally exceed those reported for perennial herbs growing in temperate

areas (e.g., Struik 1965, Abrahamson 1979). The latter are subject to

winter dieback, which usually requires considerable allocation of re¬

sources to vegetative storage organs. Such allocation is not necessary

among annuals growing in temperate areas, and this has apparently led to
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the general observation that annuals allocate proportionately more pro¬

ductivity to reproductive structures than do perennials (Harper and

White 1974). The generalization obviously does not extend to the humid

tropics, where evergreen perennials are not subject to die back each

year.

It is no surprise that the semelparous (i.e., monocarpic) Corypha

elata allocates a much lower proportion of lifetime productivity to

reproductive structures than iteroparous (i.e., polycarpic) palms such

as babassu, in which reproduction occurs annually over ca. 120 yr. The

sheer size of the single reproductive event in Ch elata is nonetheless

impressive. In absolute terms, it is equivalent to ca. 18 yr of repro¬

duction in an average mature palm of babassu.

Compared to other iteroparous palms such as Jessenia bataua and

Astrocaryum mexicanum, babassu's allocation to reproductive structures

is high. This is probably due to the exceptionally long period of

senescence in babassu, during which vegetative growth decreases sharply

while allocation to reproductive structures undergoes only a moderate

decline (Figs. 37-38). Babassu's pattern of increasing senescence with

age conforms to that predicted for trees by Harper and White (1974)«

However, Sarukhan (1980) found no evidence for senescence in a number of

tropical trees, including Astrocaryum mexicanum (Pinero et al. 1982).

Although it has been argued that senescence in plants is inevitable

(Hamilton 1966), many species probably fail to manifest senescence under

natural conditions. I suspect that the presence or absence of senes¬

cence in species of palms may be primarily a function of their maximum
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stem length. As secondary conductive tissue is absent, the phloem is

especially susceptible to mechanical stress. In taller palms such as

babassu, eventual deterioration of long-distance phloem transport is

probably the principal cause of senescence (Zimmermann 1973). The

apparent lack of senescence in A. mexicanum, which attains a maximum

stem length of 7 m (Sarukhán 1980), may be due to reduced mechanical

stress on the phloem. In the tree-sized J. bataua, senescence appar¬

ently does occur (Balick 1980), but its duration and effects on parti¬

tioning of productivity within the palm are unknown.

The ecological and evolutionary consequences of babassu's relative¬

ly high allocation of productivity to reproductive structures remain to

be examined. High allocation to such structures does not necessarily

translate into increased production of seeds. For example, I calculate

that babassu produces an average of ca. 99,000 seeds over its lifetime;

the once flowering Corypha elata, with a far lower absolute as well as

relative allocation to reproductive structures, produces an estimated

minimum of 240,000 seeds (Tomlinson and Soderholm 1975). Of the total

dry mass of reproductive structures produced over the lifetime of a

babassu palm, only 5.0% is directly allocated to reproduction in the

form of seeds. More than twice this amount (11.0%) is invested in male

inflorescences. Production of male and female flowers on separate

inflorescences enhances the probability of outcrossing, which in turn

leads to increased genetic variability within populations of babassu

(see Chapter 3). Such genetic variability permits the occurrence of

locally adapted ecotypes (see Chapter 4). Most of the remaining
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allocation to reproductive structures is directed to protection, either

of seeds by fruit walls (66.5%) or of developing female flowers by

bracts (6.6%). Morphological protection of reproductive components is a

characteristic feature of palms (Uhl and Moore 1973). Selective pres¬

sures that may have resulted in babassu's particularly high investment

were discussed in Chapter 3. High investment in protection of reproduc¬

tive components may ultimately lead to high seedling recruitment, a

topic that I shall examine further in the following chapter.



CHAPTER 6
POPULATION STRUCTURE AND DYNAMICS

Population biology of plants was the exclusive domain of foresters

and agronomists until recently, when ecologists became interested in the

subject. Plant ecologists have traditionally concentrated on the de¬

scription, classification, and physiology of vegetation, while largely

ignoring the dynamic aspects of population phenomena. As a result,

plant population biology has borrowed much of its theoretical basis from

zoologists (Harper and White 1974)» However, in a synthesis of the

emerging field, Harper (1977) drew important distinctions between popu¬

lations of animals and plants. The most significant distinction is the

modular construction of plants, which confers extreme morphological

plasticity. In contrast to animals, individual plants can respond to

stresses by varying the number of their component parts. As a result,

plant populations may be viewed as consisting of both individuals and

their component parts.

To date, most ecological studies involving the structure and dyna¬

mics of plant populations have been carried out on temperate herbs. To

my knowledge, with the exception of two dicotyledonous trees studied by

Hartshorn (1972), all such studies in the tropics have involved palms

(Van Valen 1975, based on data from Bannister 1970; Sarukhan 1978; and

Bullock 1980), probably because the age of palms is relatively easy to

estimate (see Chapter 5). Whether in temperate or tropical areas, few

studies have attempted to examine the population biology of a species

140
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under varying degrees of disturbance (e.g., Marks 1974, Cook and Lyons

1983).

In this chapter I examine how stands or populations of babassu

respond to different disturbances. My objective is to compare the

structure and dynamics of three populations: one in primary forest, one

in secondary forest, and one in pasture. The structure of these popula¬

tions reflects past as well as present patterns of land use and thus

provides clues as to how high-density stands of babassu originate.

Likewise, the dynamics of these populations indicate their present

capacity to regenerate. A comparison of the structure and dynamics of

populations subjected to different land uses thus gives insight as to

the origin and possible future of the palm forests.

Methods

Population structure of babassu was determined by censusing samples

of each life stage (see Table 18) present on the primary forest, second¬

ary forest, and pasture sites. The areas allocated for censusing were

0.05 ha for stages 1-2, 0.1 ha for stage 3, 0.2 ha for stages 4-5, 0.5

ha for stage 6, and 1.0 ha for stages 7-12. The palms within these

areas were labelled and mapped. Following an initial census in April

1981, the populations were recensused twice at 6-mo intervals, during

which each stage's mortality and recruitment were recorded.

A static or time-specific life table was constructed for the pri¬

mary forest population (Table 24). To construct the life table, the

population was assumed to be numerically stable, which implies that the

age distribution and survivorship curves were identical. Survivorship
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(lx) could thus be determined simply by counting the number of indi¬
viduals present at a given stage or age.

Initial ages in the life table were calculated from ovule fertili¬

zation rather than seed germination. The time between these events was

estimated to be 1 yr, assuming an average of 9 mo for fruit maturation

and 3 mo for germination (see Chapter 3). I used seeds produced per yr

instead of seeds on the ground (stage 1) in the first row of the life

table. The latter reflects seed numbers at one point in time, whereas

the former integrates seed dynamics over a 1-yr period; due to the

rapidity of seed dynamics, I considered the annual rate of seed produc¬

tion to be a better indicator of population structure. The values under

survivorship in the first and subsequent rows are 2-yr means. Total

seeds produced per yr (18,600) thus represent the mean of the 1980-81

(13,640) and 1981-81 (23,560) harvests. Likewise, totals in subsequent

rows represent means of the first (April 1981) and final (April 1982)

population censuses (see Tables 25-27), which were carried out at the

end of babassu's fruiting season. Mortality (dx) was calculated as the
difference between total survivorship in a given row and that in the

following row. Mortality divided by the time in yr spent in each row

gave mortality per yr (qx). The time spent in the final row (stage 12)
was estimated at 62 yr (see Table 19). To calculate values for the

final three columns in stage 12, the sole representative was assumed to

die at the conclusion of the study. Life expectancy (ex) was calculated
from the initial age in each row. Details on how life expectancy is

calculated are provided by Brewer and McCann (1982).
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A stage projection matrix (Lefkovitch 1965) was not constructed for

this population. Such a matrix requires transfer coefficients that are

both constant (Silvertown 1982) and positive between all stages of the

population. During a 1-yr period, six of the 12 life stages received no

recruitment (Table 25). A longer period of observations would thus be

required to construct a projection matrix for this population.

Results

Primary Forest

In the primary forest population of babassu, annual mortality rates

as calculated in the life table (Table 24) closely paralleled those

obtained during the 1-yr period of field observations (Table 25). This

lends support to the initial assumption of stability in the population.

Babassu’s survivorship as a function of age in the primary forest (Table

24) showed a reverse J-shaped curve characteristic of many mature forest

tree populations and indicative of a stable age population (Silvertown

1982). Palm in older life stages almost consistently declined in fre¬

quency, yet virtually all stages were represented (Fig. 41)» one would

expect such a pattern in a stable population. Age distribution in the

primary forest likewise followed a reverse J-shaped curve (Fig. 42).

Seed dynamics showed a similar pattern in both the primary and

secondary forests (Tables 25-26). Approximately half the annual seed

production succumbed to mortality, a tenth germinated, and the rest went

to soil storage. On both sites, seedling recruitment was more than

sufficient to maintain seedling populations.



¡Table24.Lifetableofthepopulationofbabassu LifestagesaredefinedinTable18.
onthe1-ha
primaryforestsiteat

LagoVerde.

LIFESTAGE

AGE(yr)

SURVIVORSHIP

MORTALITY

LIFE

NumberandDescription
InitialMean

N

%

N

peryr

EXPECTANCY(yr)

-Seedsproducedperyr
0

0.5

18,600

100

12,970

12,970

2.2

2Seedlings

1

2.7

5,630

30

4,930

822

5.0

3Pre-establishedjuveniles
7

19

700

3.8

480

15.0

22

4Establishedjuveniles
39

45

220

1.2

155

15.5

13

5

49

52

65

.35

29

2.23

21

6

56

60

31

.17

0

0

28

7Maturepalms

63

68

36

.19

10

1.11

21

8

72

77

26

.14

19.5

1.50

18

9

85

102

4

.022

0

0

44

10

106

119

6.5

.035

5.5

0.204

23

11

133

-

0

0

0

0

-

12

168

185

1

.0054

1

0.0161

17

144



Table25.Annualchangesinnumberofpalmsperlifestageonthe1-haprimaryforestsite atLagoVerde.LifestagesaredefinedinTable18.
LIFESTAGE

INITIALN

GAINS

LOSSES

NETCHANGE
FINALN

NumberandDescription

Recruitment fromLastStage
Recruitment toNextStage

Mortality

1Seedsonground

6,600

23,560

2,400

13,850

+7,310

13,910

2Seedlings

5,240

2,400

0

1,620

+780

6,020

3Pre-establishedjuveniles
710

0

0

20

-20

690

4Establishedjuveniles
225

0

10

0

-10

215

5

60

10

0

0

+10

70

6

34

0

6

0

+6

28

7Maturepalms

36

6

6

0

0

36

8

24

6

0

2

+4

28

9

4

2

2

0

0

4

10

6

2

0

1

+1

7

11

0

0

0

0

0

0

12

1

0

0

0

0

1

S7T



Table26.Annualchangesinnumberofpalmsperlifestageonthe1-hasecondaryforestsite atLagoVerde.LifestagesaredefinedinTable18.
LIFESTAGE

INITIALN

GAINS

LOSSES

NETCHANGE
FINALN

NumberandDescription

Recruitment fromLastStage
Recruitment toNextStage

Mortality

1Seedsonground

10,850

59,280

5,560

28,610

+25,110

35,960

2Seedlings

10,360

5,560

140

1,820

+3,620

13,980

3Pre-establishedjuveniles
1,250

140

40

20

+80

1,330

4Establishedjuveniles
570

40

10

10

+20

590

5

115

10

5

5

0

115

6

72

5

10

2

-7

65

7Maturepalms

136

10

16

0

-6

130

8

86

16

0

0

+16

102

9

0

0

0

0

0

0

10

1

0

0

0

0

1

11

0

0

0

0

0

0

12

0

0

0

0

0

0

9VT



:Table27.Annualchangesinnumberofpalmsperlifestageonthe1-hapasturesite atLagoVerde.LifestagesaredefinedinTable18.
LIFESTAGE

INITIALN

GAINS

LOSSES

NETCHANGE
FINALN

NumberandDescription

Recruitment fromLastStage
Recruitment toNextStage

Mortality

1Seedsonground

1,620

86,720

980

85,390

+350

1,970

2Seedlings

4,900

980

80

1,880

-380

4,520
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Figure 41. Stage distributions of babassu on the primary forest,
secondary forest, and pasture sites at Lago Verde.
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Figure 43. Age distribution of babassu on the secondary forest site
at Lago Verde.
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Figure 44. Population dynamics of babassu on the 1-ha primary forest,
secondary forest, and pasture sites at Lago Verde. Numbers
in boxes are N at t = 0, numbers on horizontal arrows re¬

present recruitment over 1 yr, and numbers on vertical ar¬
rows represent mortality over 1 yr.
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Recruitment of pre-established and established juveniles did not

occur in the primary forest (Fig. 44)» which would suggest that the

population was not regenerating. Yet its relatively stable stage (Fig.

41) and age (Fig. 42) structure strongly indicate that the population

was self-maintaining. As babassu is long-lived, observations of re¬

cruitment over a 1-yr period are probably insufficient to discern popu¬

lation trends in as complex an environment as the primary forest. Ran¬

dom events such as formation of small gaps are undoubtedly necessary for

maintenance of growth in seedlings and juveniles. Less frequent events

such as large tree falls probably result in dramatic pulses of recruit¬

ment, which could account for the sharp peaks in frequencies of ca. 32-

and 43-yr-old palms (Fig. 42). However, babassu’s apparently stable

structure (Figs. 41-42) leads me to suspect that small forest gaps are

sufficient for maintenance of the population. Given the limited degree

of recent disturbance on this site (see Chapter 1), I conclude that the

primary forest population of babassu is maintained without major dis¬

turbances.

Secondary Forest

The stage distribution of babassu on the secondary forest site

(Fig. 41) showed a pronounced bulge of mature palms in stages 7-8 and a

comparative absence of older stages. In its age distribution (Fig. 43),

there were two pronounced peaks at 33 and 73 yr. The site was clearcut

for shifting cultivation 33 yr prior to this study. The 33-yr peak thus

represented release of seedlings that had germinated just before forest

clearing. The 73-yr peak consisted of a dense cohort of mature palms.
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When the forest was originally cleared, these palms would have been ca.

40 yr old, or less than 1 m tall according to my growth rate estimates

for primary forest (see Table 19). The apical meristem would still be

beneath the soil surface in these palms; its emergence in babassu only

occurs when the shoot is ca. 1.8 m tall (see Chapter 5). Such palms

would consequently survive cutting and burning of the site, while

slightly taller palms would be prone to high mortality due to exposure

of their apical meristems above the soil surface. This appears to

account for the high frequency of the 73-yr-old cohort, as well as the

low frequency of palms older than 73 yr on the site. The consistency

between purported age structure of the population and the precisely

dated disturbance of the site provides independent verification of the

age estimates reported in Chapter 5.

Data on population dynamics in the secondary forest (Fig. 44)

indicate that recruitment of seedlings, juveniles, and adults was more

than sufficient to offset losses due to mortality. Thus, at 33 yr after

forest clearing, the babassu population still appeared to be growing.

Pasture

In comparison to the secondary forest, the pasture population

showed an even more pronounced bulge of stage 7 palms, apparently empha¬

sized by relatively low frequencies of stages 5-6 (Fig. 41 )• The result

was a distinctly two-tiered stand characteristic of babassu in pastures:

a dense understory of juveniles < 1 m tall with an overstory of mature

palms that was more or less uniform in height. The overstory palms were

probably released simultaneously after the original forest clearing.
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Annual cutting and burning were initiated after the pasture had been

established. Under this regimen, exposure of apical meristems at or

near the soil surface resulted in high mortality among stages 4-5, thus

accounting for their relatively low frequencies on the site.

Seed dynamics in the pasture differed from those in the forested

habitats (Table 27). In the pasture, over 98% of the annual seed pro¬

duction either died or was removed from the site by fruit-gathering

humans. Consequently, only a small percentage (ca. 1%) was available

for seedling recruitment. Among seedlings and juveniles, recruitment

during the 1-yr period was insufficient to cover mortality losses (Fig.

44)* Due to the relative homogeneity of the pasture, I believe that

this pattern is representative of long-term population dynamics of

babassu on the site. Annual cutting and burning of the understory are

standard management practices in pastures. Juvenile palms consequently

suffer recurring defoliations and eventual damage to their emerging

apical meristems, leading to high mortality rates. As a result, I

predict that continuation of present land use practices will lead to the

eventual demise of the babassu population on the pasture site.

Discussion

Most of the species that comprise forest communities depend on some

degree of disturbance for their long-term maintenance (Watt 1947, Whit¬

more 1982). In the absence of major disturbances, some species rely on

the formation of small gaps in the forest canopy (Hartshorn 1978). When

subjected to major disturbances such as a cyclone (Webb 1958) or fire

(Maissurow 1941)» the site is typically occupied by a different set of
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species characteristic of early successional communities. Very few

forest species are characteristic of both extremes; most seem to fall

somewhere in between and regenerate following moderate disturbances

(Marks 1974, Cook and Lyons 1983). Babassu is extraordinary in its

capacity to regenerate and persist over an extremely wide gradient of

disturbances, ranging from occasional gaps in mature forest to periodic

clearing and burning of the forest by shifting cultivators.

Babassu's capacity to maintain populations in primary forest re¬

sults from: (1) high seedling recruitment, and (2) persistence of both

seedlings and juveniles in the understory. High seedling recruitment is

probably due to the palm's relative success in escaping seed predation

and its enhanced germination under shade (see Chapter 3). Persistence

of seedlings and juveniles results from their capacity to survive under

competitively crowded conditions. For example, the mean life expectancy

of seedlings in the primary forest site was calculated at 5.0 yr (Table

24), which indicates that seedlings are able to persist long after their

seed endosperm reserves have run out. As a result of high recruitment

and persistence, considerable densities of seedlings and juveniles are

available to exploit opportunities such as light gaps or release from

root competition.

The ideal conditions for growth and maintenance of babassu occur

under shifting cultivation. Initial cutting and burning of primary

forest release a cohort of juvenile palms from competitive suppression.

Respite during subsequent forest regrowth provides time for the cohort

to pass through the critical period of stem emergence from the soil,
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during which the risk of death by cutting and burning is greatest. The

fallow also provides shade for enhanced germination and seedling re¬

cruitment. Periodic alternations of forest clearing and regrowth thus

lead to the formation of exceptionally dense stands of babassu.

Following the initial clearing of primary forest, a population of

babassu will continue to flourish even if subsequent clearing is delayed

considerably, as indicated by continued regeneration of the secondary

forest population after a fallow of 33 yr (Fig. 44)* The time required

to return to the original forest composition prior to disturbance may be

extremely prolonged. As fallows >10 yr are exceptional, in zones cur¬

rently dominated by babassu, one can safely predict that once a popula¬

tion captures a site, it can maintain itself indefinitely. The stand

will only be replaced by intentional eradication, or by annual cutting

and burning on a long-term basis.

When subjected to sporadic disturbances, populations of babassu

consequently thrive. However, when a stand is subjected to more fre¬

quent disturbances such as annual pasture fires, regeneration is no

longer sufficient for long-term maintance of the population. This

results from a combination of low seedling recruitment due to fruit-

gathering humans and high mortality of juveniles due to repeated expo¬

sure of their apical meristerns to fire. Because of babassu's longevity,

the ultimate demise of pasture stands will not occur in the near future.

Nevertheless, widespread conversion of formerly cultivated lands to

pastures throughout Maranháo has important implications for the future

of the palm forests.



CHAPTER 7
IMPLICATIONS FOR MANAGEMENT

People and the Palm Forest

The adaptability of babassu to a wide range of ecological condi¬

tions has been a common theme throughout this study. High genetic

variability is manifest in babassu's propensity to hybridize and its

capacity to form locally adapted ecotypes. Broadly synchronized flower¬

ing over wide geographic areas—combined with breeding via outcrossing—

provide ample opportunities for genetic recombination. Babassu's pol¬

lination by wind as well as beetles may have facilitated its successful

transition from closed forests to more open sites. Although massive,

the fruits of the palm have been dispersed over nearly half a continent

by flooding rivers and runoff, and on a more local scale by humans and

rodents. Large, now-extinct mammals such as giant ground sloths and

gomphotheres may also have had a role as agents of dispersal, as well as

agents of selection in the evolution of babassu's extraordinarily thick

endocarp. Other than axe-wielding humans, there are no mammals current¬

ly on the scene capable of penetrating this formidable structure. Ba¬

bassu's other important seed predator, a bruchid beetle, skirts the

endocarp by entering as tiny larvae through the germination pores.

However, because there are usually several seeds per fruits—and one is

sufficient to satisfy each larva—some almost always escape.

In closed forests, germination in babassu typically takes place 3

mo after fruit fall. Due to high shade tolerance, seedlings and stem-

157
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less juveniles can persist in the understory for years, building up high

densities. In primary forest, for example, a palm remains apparently

stemless for an average of ca. 50 yr. During this period, the stem

grows below ground due to babassu's so-called cryptogeal mode of germi¬

nation, in which the apical meristem is placed beneath the soil. Prob¬

ably because it grows so slowly, the palm is potentially long-lived,

attaining a maximum lifespan of at least 184 yr. Escape from seed

predators, shade tolerance, and longevity are the key factors accounting

for babassu's high importance in primary forest.

Placement of their apical meristems beneath the soil enables seed¬

lings and stemless juveniles to survive when forests are cut and burned

by shifting cultivators. When the sites are abandoned, these palms are

released and form high-density, virtually monospecific stands during the

subsequent fallow. Babassu's current dominance over extensive areas of

Brazil is a testimony of its adaptability to shifting cultivation.

People who carry out shifting cultivation are also those most

dependent on the palm forests as a source of roof thatch and building

materials; income through extraction and sale of the oil-rich kernals;

food through domestic consumption of vegetable oil, animal ration, and

the heart of the palm; and fuel in the form of charcoal made from the

fruit husks. This charcoal was found to be the exclusive source of fuel

in 96% of sampled households in the vicinity of the palm forests (Ander¬

son and Anderson 1983). Thus, babassu is already tightly integrated

into market and subsistence economies upon which rural poor depend.
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Shifting cultivators traditionally leave the palm forests intact or

carry out only moderate thinning (Fig. 45). A high proportion (ca. 70%)

of above-ground dry matter production in babassu stands is allocated to

leaves, which probably accounts for the preservation of the palm forests

under shifting cultivation. According to shifting cultivators on babas¬

su-dominated sites in Maranhao, a minimum fallow period of 4-5 yr re¬

sults in sufficient accumulation of fuel in the form of leaves to pro¬

duce the hot fire necessary for nutrient recycling and weed contol (Nye
«

and Greenland 1960). The minimum fallow period coincides with the

average leaf lifespan in babassu (4.4 yr); because leaf production

appears to remain constant after defoliation (see Chapter 3), palms

require this period to regain their full complement of leaves.

In short, babassu is extremely well adapted to traditional systems

of shifting cultivation. The palm forests form spontaneously, require

little or no maintenance, exhibit relatively few pest problems (see

Bondar 1954b) compared to plantation monocultures such as oil palm

(Hartley 1977) and coconut (Child 1974)» promote site recovery during

the fallow (see Furley 1 975), and are already tightly integrated into

market and subsistence economies.

Limiting Factors

In recent years, conversion of formerly cultivated lands to cattle

pastures has occurred at an accelerating rate in frontier areas of

Brazil. With increased land pressures on shifting cultivators, average

fallow periods in the state of Maranhao declined from 8.7 yr in 1950 to

5.0 yr in 1975; in the study region (the central Mearim Valley), the
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Figure 45. Shifting cultivation site just prior to burn at Lago Verde.

Figure 46. Clearcut of palm forest prior to pasture establishment, near
Bacabal, Maranháo.
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figure at the latter date was 3.6 yr (IBGE 1979). The reduced fuel

accumulated during shortened fallows is inducing shifting cultivators to

thin the stands more intensively in order to generate sufficient fuel

for hot fires.

With degradation of sites used for shifting cultivation, the rural

poor are becoming increasingly dependent on pasture stands of babassu as

a crucial source of income and subsistence products. Ranchers, in turn,

increasingly perceive the people who gather babassu fruits as inter¬

fering with pasture management. Fruit gatherers are blamed for starting

wildfires, cutting fences, and leaving behind fruit husks that damage

the hooves of cattle (Anderson and Anderson 1983). Probably as a conse¬

quence, clearcutting of babassu forests by ranchers is becoming in¬

creasingly common (Fig. 46).

The current breakdown in land-use systems associated with babassu

is only part of a long history of disappointment. The sheer extent of

the stands has understandably tended to inspire optimistic estimates of

their potential contribution to the national and global economy. To

cite just one of many examples, it was recently calculated that full

industrial utilization of babassu fruits would result in the annual

production of 1 x 10^ L of ethanol, 2 x 10^ t of charcoal, 0.5 x 10^ t
of vegetable oil, and 2 x 10^ m-^ of combustible gases; all this would be

equivalent to the constant generation of 5 x 10^ W over a 1-yr period

(STI 1979). These estimates appear to be technologically feasible, due

to recent development of machinery capable of processing the extremely

hard fruits of the palm (STI 1979).
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The key bottleneck in the babassu economy is and always has been

supply (Gonsalves 1955, Valverde 1957, Braga and Dias 1968, STI 1979).

Incorporating the palm's full energetic potential into the market econo¬

my requires that centralized industries be supplied with a steady flow

of raw materials in the form of fruits. The required continuity of

supply is illusory due to the seasonal nature of the harvest. Because

of relatively low yields per unit area—as well as the low value per

unit product—costs of transporting entire fruits to a centralized

facility quickly become prohibitive. Thus the required volume of supply

is likewise illusory. Furthermore, people who harvest babassu fruits

generally extract the kernels, most of which are ultimately sold to

local vegetable oil industries; the fruit husks are then used to make

charcoal. These people are understandably reluctant to part with what

is usually their exclusive source of fuel. Thus there is considerable

social resistance to incorporating babassu's full energetic potential

into the market economy (Anderson and Anderson 1983). Even traditional

industries based on vegetable oil are chronically plagued by insuffi¬

cient supply. In addition, the high costs of raw material—largely due

to labor-intensive, manual extraction of the kernels—reduce babassu's

competitiveness in relation to other vegetable oils. As a result, most

of the industries dependent on babassu are currently in crisis, and the

continued viability of the palm as a source of market products is in

doubt
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Possible Solutions

In 1979, the government of Maranháo established a research insti¬

tute, the Instituto Estadual do Babapu (INEB) dedicated exclusively to

developing viable management of the palm forests and increasing their

integration into the market economy. Since its founding, this institute

has set up a germplasm bank for babassu located near the town of Baca-

bal. Comprised of seeds collected over the geographic range of babassu

and its suspected hybrids, the bank will eventually provide genetic

material for selection and breeding. The goal is to develop precocious,

high-yielding strains for planting. If other crops such as oil palm

serve as a model (Pyke 1972), such strains will ultimately be utilized

in intensively cultivated plantations, which will then form the basis

for an efficient production system capable of providing centralized

industries with a steady flow of raw materials.

Babassu's high genetic variability indicates that the potential for

developing improved strains of the palm are excellent. Present annual

fruit yields of babassu stands in Maranháo average 1-2 t/ha (Anonymous

1981), which is similar to those of wild stands of oil palm in Nigeria

(Zeven 1967); selection in the latter—as well as management subsidies—

have increased yields by a factor of 10 (Purseglove 1972). Like oil

palm, sex ratios in babassu appear to be under genetic control and thus

may be amenable to selection. Likewise, growth rates of babassu are

extremely slow in closed forests; although considerably higher on more

open sites, palms may still require more than a decade to begin fruit

production, according to local informants. This time period can probab-
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ly be reduced. Within populations of babassu, I have occasionally

observed reproductive, short-statured palm ( <5 m) that were apparently

precocious. Increased precocity was successfully incorporated into oil

palm by programs of selection and breeding (Hartley 1977). Other,

potentially desirable traits such as increased germination success or

enhanced resistance to diseases may also be amenable to genetic improve¬

ment.

From a broader perspective, however, development of babassu for

intensive cultivation requires closer scrutiny. I have three reserva¬

tions concerning this approach. First, it can only be accomplished over

an extremely long term, while current issues concerning the continued

viability of the babassu economy require more immediate solutions.

Second, although its potential for genetic improvement is high, babassu

will never approach the African oil palm as a producer of vegetable oil.

Whereas the oil in babassu is limited to the kernels, in oil palm it

occurs in both the kernels and the mesocarp. Likewise, as a producer of

biomass for fuel, babassu will never rival fast-growing trees such as

Eucalyptus spp. and Gmelina arbórea, in which most dry matter production

is allocated to stems. The desirability of babassu as a crop is not its

potential to out-produce already established crops, but its current

capacity to provide a high diversity of products that are useful in both

market and subsistence economies.

My final reservation is that development of babassu for intensive

cultivation ignores the fundamental characteristics that make it unique

as a crop. As emphasized elsewhere in this study, virtually monospeci-

Á
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fie stands of babassu form spontaneously, require little maintenance,

and are already utilized by people. Rather than embark on long-term

development of the palm for intensive agriculture, babassu seems most

amenable for immediate use as an extensive, moderate-yielding, low-

maintenance crop that is easily integrated into the predominant forms of

land use currently practiced over widespread areas of Brazil: shifting

cultivation and cattle ranching.

Potential use of babassu as a crop could begin with rational man¬

agement of the stands that already exist. A key component of such

management is maintenance of palm densities suitable for growth of other

crops. Mature palms with a low proportion of female inflorescences

should be preferentially thinned. Competition from high densities of

juvenile palms is reduced by periodic cutting; on sites used for perma¬

nent cropping or grazing, juveniles can be eliminated by repeated cut¬

ting over several years or by application of systemic herbicides. Seed¬

ling recruitment can be controlled through more efficient fruit harvest¬

ing procedures. Rather than gather fallen fruits from the ground,

mature fruit bunches should be harvested from the crowns with pruning

poles; this practice reduces the incidence of lost fruits as well as

infestation by bruchid beetles, which only attack fruits on the ground.

Because of its low maintenance requirements, babassu has excellent

potential for introduction into extensive land-use systems. Experimen¬

tal results described in Chapter 4 indicate that babassu competes effec¬

tively under a wide range of climatic conditions and thus can be suc¬

cessfully introduced in areas outside of its current range. Planting of
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desirable strains of babassu may soon be feasible. The potential exists

for inducing self-pollination in palms with promising characteristics

such as a high proportion of female inflorescences or precocity. Whether

or not selfing can be induced in babassu is not presently known, but

incompatibility does not occur in other cultigens such as coconut and

oil palm, and the techniques for artificial selfing in these palms are

simple (Child 1974» Hartley 1977).

Desirable strains of babassu could be introduced either under

stands that presently exist or on deforested sites. With proper fire

control, underplanting would be especially appropriate in pastures fol¬

lowing elimination of seedlings and juveniles. Such controlled regen¬

eration would enable ranchers to improve their stands genetically while

maintaining constant forest cover; considerable precedent exists for

combining plantations of palms and pastures (e.g., Plucknett 1979).

Alternatively, desirable strains of babassu could be used for reforesta¬

tion of degraded sites in Amazonia and other tropical regions. With

minimal effort, high-density stands could be established over extensive

areas, providing economic return while promoting site recovery.

Long-term maintenance of the babassu economy ultimately depends on

the solidity of its base. If current technologies for processing fruits

were scaled down to the community level, the bottleneck of manual fruit

breaking could be bypassed with fewer negative effects on the people who

depend on babassu for their livelihood. Communities could more effi¬

ciently produce their own subsistence products such as oil, fuel, and
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feedcake; the excess could then be sold as semi-processed materials,

greatly reducing the current costs of transporting bulky fruits.

The potential role of babassu in rural communities is illustrated

by the interdependence of people and wild stands of the lontar palm

(Borassus sundaicus) in islands of Indonesia (Fox 1977). Despite a dry

climate and nutrient-poor soils, high population densities are main¬

tained on these islands by productive systems of gathering, semi-perma¬

nent agriculture, and animal husbandry either directly or indirectly

based on the palm. Like the lontar, babassu is a source of essential

subsistence products and is the basis for a widespread cottage industry.

Likewise, babassu maintains dynamic—although currently less exploited—

interations with systems of agriculture and animal husbandry. Full

utilization of the palm by rural communities could open the way to self-

sufficiency and ecological stability, while at the same time integrating

these communities into the larger market economy.
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APPENDIXA.SPECIESABUNDANCE,FREQUENCY,DOMINANCE,ANDIMPORTANCE IN1HAOFPRIMARYFOREST,LAGOVERDE,MARANHAO.
$p

ECIES

ABUNDANQB stems/ha%
FREQUENCY

...%

DOMINANCE nr/ha1

IMPORTANCE %

1.

OrbienvamartianaBarb.Rodr.*
78

20.21

9.18

7.201

27.43

18.94

2.

Euceniasd.

35

9.07

7.25

2.984

11.37

9.23

3-

SDondiasmombiraUrb.*

13

3.37

4.35

4.542

17.30

8.34

4.

GustaviaaucustaL.*

45

11.66

6.28

1.185

4.52

7.47

5.

SwartzlaDOlvDhvllaA.DC.

15

3.89

4.35

2.867

10.92

6.38

6.

Hieronimaalchornioides(Friere)Allem.*
29

7.51

6.76

0.433

1.65

5.31

7.

ProtiumheDtaDhvllum(Aubl.)March.
21

5.44

5.31

0.377

1.43

4.06

8.

CvnometramarcinataBenth.

13

3.37

4.83

0.524

2.00

3.40

9.

Crotonof.diasiiPires

12

3.11

3-38

0.639

2.44

2.98

10.

SaDiumcuruDitaHub.

7

1.81

2.90

0.599

2.28

2.33

11.

Cordiasd.*

9

2.33

2.90

0.403

1.53

2.25

12.

RicheriacrandisVahl.

2

0.52

0.48

1.414

5.39

2.13

13.

Bombaxsd.

6

1.55

2.90

0.179

0.68

1.71

14.

TrichiliaauadriiueaH.B.K.

8

2.07

2.42

0.101

0.39

1.621
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ABUNDANCE stems/haÍ
FREQUENCX %
DOMINANCE m¿/haÍ

IMPORTANCE 1

15.AstrocarvumvulcareMart.*

9

2.33

1.93

0.127

0.48

1.58

16.OmDhaleadiandriaL.

6

1.55

1.93

0.052

0.20

1.23

17.Eschweileraodora(PoeDD.)Miers.
5

1.30

1.93

0.108

0.41

1.21

18.Palicoureasd.

5

1.30

1.93

0.067

0.25

1.16

19.UnknowntreeNo.1

4

1.04

1.45

0.217

0.83

1.10

20.Manilkaracf.surinaraensis(Mia.)Ducke
3

0.78

1.45

0.141

0.54

0.92

21.JacaratiaSDinosaA.DC.*

2

0.52

0.97

0.320

1.22

0.90

22.DialiumeuianensisÍAubl.1Sandw.
3

0.78

1.45

0.107

0.41

0.88

28.Dueuetiasd.

3

0.78

0.97

0.042

0.16

0.63

24.Psvchotriasd.

3

0.78

0.97

0.028

0.11

0.62

25.LueheaDaniculataMart.*

2

0.52

0.97

0.059

0.23

0.57

26.Sterculiasd.*

1

0.26

0.48

0.252

0.96

0.57

27.Richardellasd.

2

0.52

0.97

0.053

0.20

0.56

28.CedrelaodorataL.

2

0.52

0.97

0.040

0.15

0.55

29.HirtellaraceinosaLam.*

2

0.52

0.97

0.037

0.14

0.54
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AppendixAcontinued. S...EJLJL-L-E-J5 30.CaseariasvlvestrisSw.* 31.SeguieriamacrophvllaBenth. 32.Ocoteasp. 33.CordiascabrifoliaA.DC. 34.Protiuminsigne(Tr.exPI.)Engl. 35.SclerolobiumpaniculatumVog. 36.Licaniacf.apétala(E.Meyer)Fritsch* 37.CocolobalatifoliaLam.* 38.CalvcophvllumspruceanumBenth. 39.SchizolobiumamazonicumHub.exDucke 40.Courataricf.macrospermaA.C.Smith 41.Astroniumcf.fraxinifoliumSchott. 42.ChristianaafricanaDC. 43.Citharexvlumcf.macrophvllumPoeb. 44.Mouriricf.guianensisAubl.
ABUNDANCEFREQUENCYDOMINANCEIMPORTANCE stems/ha%ÍmfVhiÍ% 2

0.52

0.97

0.025

0.09

0.53

2

0.52

0.97

0.022

0.09

0.52

3

0.78

0.48

0.077

0.29

0.52

2

0.52

0.48

0.057

0.22

0.41

2

0.52

0.48

0.042

0.16

0.39

1

0.26

0.48

0.102

0.39

0.38

1

0.26

0.48

0.093

0.35

0.37

2

0.52

0.48

0.022

0.08

0.36

1

0.26

0.48

0.084

0.32

0.35

1

0.26

0.48

0.080

0.30

0.35

1

0.26

0.48

0.067

0.26

0.33

1

0.26

0.48

0.059

0.22

0.32

1

0.26

0.48

0.052

0.20

0.31

1

0.26

0.48

0.040

0.15

0.30

1

0.26

0.48

0.040

0.15

0.30

oo



AppendixAcontinued. SPECIES

ABUNDANCE stemg/ha%
FREQVENCX Í
DOMINANCE nr/ha%

IMPORTANCE i

45.AmaiouaeuianensisAubl.

1

0.26

0.48

0.033

0.12

0.29

46.UnknownVineNo.1

1

0.26

0.48

0.026

0.10

0.28

47.Himatanthussucuuba(SDruce)Wood.
1

0.26

0.48

0.024

0.09

0.28

48.Mvrciacf.falax(Rich.)DC.
1

0.26

0.48

0.022

0.09

0.28

49.Casearia3D.

1

0.26

0.48

0.019

0.07

0.27

50.Erismacf.uncinatumWarm.

1

0.26

0.48

0.018

0.07

0.27

51.Manilkarasd.*

1

0.26

0.48

0.018

0.07

0.27

52.UnknownVineNo.2

1

0.26

0.48

0.016

0.06

0.27

58.ProtiumDallidumCuatr.

1

0.26

0.48

0.015

0.06

0.27

54.UnknownVineNo.3

1

0.26

0.48

0.014

0.05

0.27

55.TrichiliamicranthaBenth.

1

0.26

0.48

0.013

0.05

0.26

56.Pouteriasd.

1

0.26

0.48

0.012

0.05

0.26

57.SimabacedrónPlanch.

1

0.26

0.48

0.011

0.04

0.26

58.UnknownVineNo.4

1

0.26

0.48

0.010

0.04

0.26

59.Anacardiumcf.microcamumDucke
1

0.26

0.48

0.008

0.03

0.26
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ABUNDANCE stems/ha%
FREQUENCY %
DOMINANCE mVha%

IMPORTANCE i

60.BrosimumulearumMildbr.

1

0.26

0.1*8

0.008

0.03

0.26

61.DiosDvroscf.euianensis(Aubl.)Gurke*
1

0.26

0.48

0.008

0.03

0.26

62.Vitexsd.

1

0.26

0.48

0.007

0.03

0.26

63.AmDhirrhoxsurinamensisEich.
1

0.26

0.48

0.007

0.03

0.26

TOTAL

386

100.07

99.93

26.253
100.00

100.00

Note:Asterisksindicatespeciesthatalsooccuron1haofsecondaryforestnearby,
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APPENDIXB.SPECIESABUNDANCE,FREQUENCY,DOMINANCE,ANDIMPORTANCE IN1HAOFSECONDARYFOREST,LAGOVERDE,MARANHAO.
sp

ECIES

ABUNDANCE stems/haÍ
FREQUENCY %
DOMINANCE mVha1

IMPORTANCE %

1.

OrbicnvamartianaBarb.Rodr.*
244

66.67

21.74

21.703

84.11

57.51

2.

SDondiasmombimUrb.*

20

5.46

9.78

1.110

4.30

6.52

3.

CordiasellowianaChamb.

16

4.37

6.52

0.778

3.01

4.64

4.

CecroDiaconcolorWilld.

13

3.55

7.61

0.335

1.30

4.15

5.

AstrocarvumvulcareMart.*

19

5.19

5.43

0.244

0.95

3.86

6.

GuateriachrvsoDetala(Stend.)Mia.
10

2.73

7.61

0.255

0.99

3-78

7.

Hieronimaalchornioides(Freire)Allem.*
6

1.64

3.26

0.314

1.22

2.04

8.

AoeibatibourborAubl.

4

1.09

3.26

0.162

0.63

1.66

9.

Sterculiasd.*

4

1.09

3.26

0.133

0.52

1.62

10.

SaDiumlanceolatumHub.

3

0.82

3.26

0.102

0.40

1.49

11.

CocolobalatifoliaLam.*

3

0.82

3.26

0.088

0.34

1.47

12.

JacaratiaSDinosaA.DC.*

2

0.55

2.17

0.059

0.23

0.98

13.

Vitexcf.flavensH.B.K.

2

0.55

2.17

0.039

0.15

0.96

14.

CaseariasvlvestrisSw.*

2

0.55

2.17

0.024

0.09

0.94
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ECIES

AmDAJCg, stems/haÍ
FREOUENCY i
DOMINANCE nr/ha%

IMPORTANCE %

15.

Enterolobiumcontortisiliauam(Veil.)
Morong.1

0.27

1.09

0.128

0.50

0.62

16.

GustaviaauRustaL.*

2

0.55

1.09

0.016

0.06

0.56

17.

LicaniaaDetala(E.Mever)Fritsch*
1

0.27

1.09

0.081

0.31

0.56

18.

GeniDaamericanaL.

1

0.27

1.09

0.041

0.16

0.51

19.

Manilkarasd.*

1

0.27

1.09

0.038

0.15

0.50

20.

CocolobaDaniculataMeissn.

1

0.27

1.09

0.035

0.13

0.50

21.

InRaedulisMart.

1

0.27

1.09

0.022

0.08

0.48

22.

LueheaDaniculataMart.*

1

0.27

1.09

0.012

0.05

0.47

23-

MvrciarufiDilaMcVauch

1

0.27

1.09

0.011

0.04

0.47

24.

Cordiasd.*

1

0.27

1.09

0.010

0.04

0.47

25.

BauhiniaRuianensis(Aubl.)M.J.Baliq.
1

0.27

1.09

0.009

0.04

0.47

26.

Tabebuiacf.barbata(E.Mever)Sandw.
1

0.27

1.09

0.009

0.04

0.47

27.

CrotoncaiucaraBenth.

1

0.27

1.09

0.009

0.03

0.46

28.

HirtellaracemosaLam.*

1

0.27

1.09

0.009

0.03

0.46

29.

UnknownVineNo.1

1

0.27

1.09

0.009

0.03

0.46
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AppendixBcontinued.

ABUNDANCEFREQUENCYDOMINANCEIMPORTANCE
3PEC-Ifi..§stems/i-i312or/.ha22 30.IngaalbaWilld.1 31.Diospvrosguianensis(Aubl.)Gurke*1 TOTAL366

0.27

1.09

0.008

0.03

0.46

0.27

1.09

0.007

0.03

0.46

99.95

100.03

25.803

99.99

100.00

Note:Asterisksindicatespeciesthatalsooccuron1haofprimaryforestnearby.



APPENDIX C. MORPHOLOGICAL DESCRIPTION OF Orbignva
martiana Barb. Rodr.

Stem large, solitary, columnar, to ca. 30 m high and 19-50 cm in

diameter; leaf scars inconspicuous, ca. 8-30 cm apart; leaf bases

persistent just below the crown.

Leaves ca. 10-25, erect-arching; sheath ca. 90-220 cm long, often

with yellow, longitudinal striations on abaxial surface that may extend

to base of rachis; petiole 0-50 cm long; rachis 520-990 cm long, base

trough-shaped in cross section, middle more or less 4-sided in cross

section and generally channelled longitudinally above insertion of

pinnae, apex triangular in cross section, abaxial and lateral surfaces

at middle of apex weakly to densely white- or brown-lepidote, abaxial

surface smooth; pinnae 145-240 per side, inserted at regular intervals

and in same plane, rigid, dull to lustrous above, glaucous beneath,

midvein prominent; basal pinnae 80-185 cm long, 0.5-2.0 cm wide; middle

pinnae 95-168 cm long, 1.5-7.0 cm wide; apical pinnae 22-70 cm long,

0.5-3-0 cm wide.

Inflorescences androdioecious, interfoliar; prophyll ca. 50-150 cm

long; peduncular bract woody, persistent, ca. 140 to over 300 cm long

and 12.5-41 cm wide, bearing an acumen 16-32 cm long, adaxial (interior)

surface white- to yellow-lepidote at anthesis, becoming tan- to rust-

brown over time; all axes of inflorescences white- to yellow-lepidote at

anthesis; peduncle 56-185 cm long; rachis 48-130 cm long; staminate

inflorescences bearing up to 648 rachillae, the latter ca. 10-25 cm

long, erect, subtended by a ca. 4 mm long bracteole, bearing 17-102
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staminate flowers arranged in 2(-4) longitudinal rows on abaxial side

only; hermaphroditic (but functionally pistillate) inflorescences

bearing up to 475 rachillae, the latter subtended by a ca. 2 mm long

bracteole, generally bearing 1 —2(—3) pistillate flowers at base to

middle and 1-several staminate flowers at apex, or more rarely rachillae

bearing staminate flowers only.

Staminate flowers slightly immersed, subtended by 2 very small

bracteoles; sepals 3, lanceolate, acute, ca. 1 mm long and 1 mm wide;

petals 2(-3), coriaceous, strongly to weakly incurved, elliptic to

obovate, dentate at apex, ca. 14 mm long and 8 mm wide; stamens (22-)24-

26(-30), filaments slender, ca. 2 mm long, thecae separate, irregularly

coiled and twisted; pistillode present.

Pistillate flowers slightly cupulate, ovoid-oblong, rust-tomestose,

subtended by 1-2 bracteoles; sepals 3-6, arranged in 1-2 whorls of 3

sepals each, inner sepals progressively larger; petals 3, triangular,

equal in size, to ca. 5 cm long, entire to dentate at margins and apex;

stigmas typically 3-6, erect, apical.

Fruits broadly elliptic to oblong, 74-125 mm long, 49-99 mm wide,

80-480 g dry weight, lepidote, tan when young, becoming brown or rust-

colored at maturity, gray to white at apex; stigmatic residue

persistent; staminodial ring weakly to strongly defined; epicarp

fibrous, 1-4 mm thick; mesocarp mealy dry, 2-12 mm thick; endocarp

woody, 35-76 mm thick; seeds (1-)3-6(-11), ovate to elliptic, ca. 3-6 cm

long; endosperm white, homogeneous.
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Specimens Examined

BRAZIL

Ceará: Mun. of Ubajara, Lat 3°50'S, Long 40°55W, Dec 1981, M. J.

Balick et al. 1353 (NY, MG, CENARGEN, IAN. INPA); Mun. of Ipú, Lat 4°20»

S, Long 40°45' W, 12 Dec 1981, VL. i. Balick et al^ 1354 (NY, MG,

CENARGEN, IAN, INPA).

Goiás: Mun. of Tocantinópolis, Lat 6°20' S, Long 47°28' W, 28 Nov

1981, M. J. Balick et al. 1309 (NY, MG, CENARGEN, IAN, INPA).

Maranháo: Mun. of Codo, Lat 4°40' S, Long 43o40, W, 20 August 1980,

A. B. Anderson 394 and JL. Bj_ Anderson 397 (NY, MG); Mun. Sao Felix de

Balsas, Lat 7°35’ S, Long 46°05' W, 4 Dec 1981, M. J. Balick et al. 1342

(NY, MG, CENARGEN, IAN, INPA).

Mato Grosso: Mun. of Aripuaná, Lat 9° 10' S, Long 60°40' W, 17 March

1977, A. B. Anderson 288.

Minas Gerais: Mun. of Pirapora, Lat 17°20' S, Long 44o50'W, 14 May

1981, A. B. Anderson 398 (NY, MG).

Pará: Mun. of Sao Felix do Xingu, Lat 6°45’ S, Long 51°45' W, 7 July

1980, A. B. Anderson 391 (NY, MG); Mun. of Braganpa, Lat 1°05' S, Long

46°55' W, Nov 1981, M. J. Balick et al. 1301 (NY, MG, CENARGEN, IAN,

INPA); Mun. of Itupiranga, Lat 5°05' S, Long 49°20' W, 23 Nov 1981, £L_

J. Balick et al. 1304 (NY. MG, CENARGEN, IAN, INPA).

Piaui": Mun. of Teresina, Lat 5°221 S, Long 42°50' W, Dec 1981, M. J.

Balick et al. 1351 (NY. MG, CENARGEN, IAN, INPA).
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APPENDIXD
SELECTIVECOMPARISONOFGROSSMORPHOLOGICALCHARACTERSIN Orbignvamartiana."0.teixeirana",ANDCL.eichleri.

CHARACTER

0.martiana

"0.teixeirana" (possiblehybrid)

STEM
Lengthinadults(cm)

500-3,000

0-800

DBH(cm)

19-50

19-42

LEAF
Numberperpalm

10-25

8-13

Sheath lengthinadults(cm)
90-220

30-100

striationsonabaxialsurface
generallypresent
presentorabsent

Petiole lengthinadults(cm)
0-50

17-40

Rachis lengthinadults(cm)
520-990

152-745

crosssection

±4-sided

±4-sided

abaxialsurface

weaklytostrongly lepidote

weaklylepidote

Pinnae numberperside

145-240

96-190

orientation

insameplane

insameplaneto crispate

disposition

regular

clusteredtoregular

adaxialsurface

dulltolustrous
dull

abaxialsurface

weaklyglacous
weaklyglacousto smooth

0.eichleri
0 0

3-8 20-33 absent 50-80 120-253 triangular smooth 63-128 crispate clustered dull mostlysmooth



AppendixDcontinued CHARACTER

0.martiana

INFLORESCENCE Bracts lengthofprophyll(cm) lengthofacumenofpeduncular bract(cm) abaxialsurfaceof peduncularbract Peduncle length(cm) Rachis length(cm) curvature

50-150 16-32 tantorust- brown 56-185 48-130 notrecurved

Rachillae attachmenttorachis

throughout

lengthofsubtending bracteole Staminateflowers petalsperflower fusionofpetals

ca.2-4mm 2(-3) separate

stamensperflower

(22-)24-26(-30)

FRUIT Staminoidalring

weaklytostrongly defined

0.eichleri

"0.teixeirana" (possiblehybrid)

0.eichleri

30-33 11-15

20 6-12

bloodred

bloodred

37-95

37

34-110 weaklytostrongly recurved

20-37 stronglyrecurved
onabaxialside only

ca.14-18mm

onabaxialside only
ca.15-50cm

2
separate

(2-)3(-4) separatetopartially connate

20-23

13-16

weaklytomoderately defined

weaklydefined



192

Orbignvamartiana."Marklevadahlgreniana".ANDMaximlliana maripa.
Orbignvamartiana"Marklevadahlgreniana"Maximilianamaripa

CHARACTER(possiblehybrid) LEAF
Arrangementofleafbases incrown

spiralled

spiralled,in5± verticalrows

spiralled,in5-7 verticalrows

Sheath lengthinadults(cm)
90-200

94

45-90

Petiole lengthinadults(cm)
0-50

130

80-200

Rachis lengthinadults(cm)
520-990

600-800

350-700

Pinnae numberperside

145-240

205-270

170-270

orientation

insameplane

insameplaneto slightlycrispate
stronglycrispate

disposition

regular

clusteredingroups of2-5

clusteredingroups of2-10

INFLORESCENCE Peduncularbract curvature

slight

moderate

pronounced

lengthofacumen(cm)
16-32

20-30

20-80

lengthexcludingacumen
(cm)140-300

80-170

70-100

width

12-41

30

40



AppendixEcontinued. CHARACTER

Orbienvamartiana
"Marklevadahlcreniana" (possiblehybrid)
MaximilianamariDa

INFLORESCENCE(cont.) Peduncle length(cm)

56-185

170

100-150

Rachis length(cm)

48-130

70-110

40-80

Rachillae lengthofsubtending

2-4

4-5

10-11

bracteole(mm) Starainateflowers lengthofpetals

14

10

3-7

numberofstamens

(22-)24-26(-30)
(7—)9(—10)

6

orientationofthecae
irregularlycoiled andtwisted

twistedorhamate
straight

fusionofthecae

separate

partiallyunited

united

Pistillateflowers numberperrachilla

1—2(—3)

3-4

3-12

sizeofsepals

unequal

unequal

equal

FRUIT Shape

broadlyelliptic tooblong
oblong

ovoid-oblong

Length(mm)

74-125

70

50-70

Width(mm)

49-99

30

20-30

Thicknessofendocarp(mm)
35-76

40-60

30-50
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