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“For no civilization that is confined to city curbs can
long appeal to the imagination of each coming generation.
Some association with plants is necessary.”

David FAIRCHILD (ca. 1933)
Through the West Indies for Plants*

RESUMEN: El uso de las palmeras como fuente de savia dulce es antiguo y
amplio en regiones de Africa, Asia y el Nuevo Mundo donde las mismas se
cultivan. La savia dulce se consume fresca, procesada como miel o aztcar o
fermentada para producir bebidas alcohdlicas o vinagre. Se revisa este uso en
40 especies de palmeras y los métodos para extraer su savia. Estos pueden ser
destructivos o no destructivos. La explotacion no destructiva, como sucede
con Phoenix canariensis, puede proporcionar un aprovechamiento sosteni-
ble para la supervivencia de las palmeras.

Palabras Claves: Botanica econdmica; etnobotanica, Arnoldo Santos-Guerra;
Arecaceae; agricultura tradicional; Macaronesia; islas tropicales; agricultura
sostenible.

ABSTRACT: The use of palms as a source of sweet sap is ancient and wide-
spread throughout the palm-growing regions of Africa, Asia and the Ameri-
cas. Sweet sap is consumed fresh, processed into syrup or sugar, or fermented
into alcohol or vinegar. We review 40 species of palms and their tapping
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methods, which may be either destructive or nondestructive. Nondestructive
exploitation, as with Phoenix canariensis, can provide a sustainable harvest
for the life of the palm.

Key Words: Economic botany; ethnobotany; Arnoldo Santos-Guerra; Are-
caceae; traditional agriculture; Macaronesia; tropical islands; sustainable agri-
culture.

INTRODUCTION

The Canary Islands have a rich flora with over 600 species restricted to the archipel-
ago (Reyes Betancort et al., 2008; Francisco-Ortega et al., 2009). Many of these endemic
species have been used locally by both the pre-Hispanic and the European-descent popula-
tions (Morales Mateos, 2003), mostly as sources of forage (Pérez de Paz et al., 1986; Fer-
nandez Galvan & Méndez, 1989; Méndez Pérez ef al., 1991) and medicines (Pérez de Paz
& Hernandéz Padrén, 1999). Among the Canarian endemic plants, few have reached the
economic and ethnobotanical importance of the Canary Island Date Palm, Phoenix ca-
nariensis. The official plant symbol of the islands, this palm has been the subject of several
popular articles that highlight its relevance as part of the Canary Islands identity (Mon-
tesinos Barrera, 1979; Oliva Tacoronte, 1985; Santos-Guerra, 1994; Morici, 1998).

Worldwide, this palm is one of the most popular ornamental species for tropical, sub-
tropical, and Mediterranean gardens and landscapes (Zona, 2008), but within the Canary Is-
lands, the palm is also an important food crop. Its sap (locally known as “guarapo”) is ex-
tracted and processed into a syrup called “miel de palma” (= literally, “honey from palm™)
(Quintero Lima, 1985). The harvesting of sap of this species on La Gomera is one of the
most important cases of sustainable use of the native flora. It provides one of to be the best
known examples of ethnobotany in the Canaries and is not only an important local farming
activity but also a major tourist attraction for visitors. We believe that these sustainable tap-
ping procedures have been relevant for La Gomera to preserve the healthiest and largest
palm stands of the archipelago (Morici, 1998). Interestingly, many of these palms can be
considered to be in a semi-cultivated status in which sap harvesting has become part of the
life-cycle of the species on this island.

The exact origin of the practice of tapping Phoenix canariensis for its sugary sap is
lost to the fog of history, but the practice is surely ancient. There is archeological evidence
showing P. canariensis to be one of the most important plants used by the pre-Hispanic
population as food [dates, also known with the name of “tamaras”, see Wolfel (1965) for a
linguistic discussion pertinent to this name], fibre, building material, and ceremonial offer-
ings (Galvan Santos, 1980; Rodriguez Rodriguez, 1999; Rodriguez Santana, 2002; Del Arco
Aguilar, 1993; Morales Mateos & Rodriguez Rodriguez, 2007; Morales et al., 2011). So far,
no archeological remains have been found showing the use of palm sap by the pre-Hispanic
inhabitants, but historical accounts paint a picture of a long history of use. Pliny the Elder
(AD 23-79), in his Naturalis Historia, related an account by King Juba II of Mauretania (ca.
25 BC-AD ca. 23), who noted that the islands contained ‘palm-groves full of dates ... in
addition to this there is a large supply of honey’ (Rackham, 1947, Santana Santana et al.,
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2002; Garcia Garcia, 2008). Juba’s mention of ‘honey’ may be the earliest mention of the
syrup produced from P. canariensis (Zona, 2008); however, we cannot rule out that may
refer to bee honey, as suggested by Santana Santana et al. (2002). Later writings suggested
that P. canariensis was tapped to produce wine even before the islands were invaded by
Europeans in the 15th century (Del Castillo, 1848; Frutuoso, 1964; Morales Padron, 1978;
Hernéndez, 2000). The earliest of these accounts is from the first quarter of the 16th cen-
tury (ca. 1500 —1525), just a few years after the last island of the archipelago (Tenerife)
was annexed to the kingdom of Castilla in 1496 (Morales Padron, 1978). Between the 18th
and 19th centuries, the Canary Island naturalist Viera y Clavijo (1731-1813) also referred
to palms from the archipelago as a source of honey and fermentable sap; however, he did
not explain any procedures to obtain these products (Viera y Clavijo, 1982). It is worth
mentioning that Phoenix flowers produce little if any nectar (Uhl & Moore, 1977) and are
not regarded as nectar resources for honey production. Therefore we believe that the
“honey” mentioned by Viera y Clavijo is the syrup, “miel de palma.”

The objective of this study is not to provide a full account of the ethnobotany of “miel
de palma” in La Gomera, an extensive and excellent review of which can be found in Quin-
tero Lima (1985), but to draw attention to the diversity of palms used throughout the world
as a source of sweet sap. Phoenix canariensis is but one of at least forty palms used for sap
(see Table 1), and as we shall demonstrate, there are both similarities and differences in the
way it is used in comparison to other palms.

USES OF SAP

The sap tapped from palms comprises an aqueous solution of photosynthates and hy-
drolyzed starch reserves from the trunk (Dalibard, 1999); the tapping process intercepts the
flow of these sugars en route to the inflorescence and/or crown. Sap from palms may con-
tain to 10-20% sugar, depending mostly on the species, time of year, and extraction method
(Dalibard, 1999). Once collected, the sap can have any of five uses, depending on local
needs (and the availability of alternatives), traditions and markets. Fresh, unfermented sap
is boiled down to produce a syrup or molasses (sometimes called honey) or further refined
into sugar. Alternatively, sap can be consumed fresh (e.g., “the guarapo” of P. canariensis)
or lightly fermented (sweet toddy), or it can be fermented into palm wine (also called arak,
toddy, or tuba). Palm wine, in turn, can be distilled to produce spirits. Finally, fermented sap
can also be used to produce vinegar through fermentation by acetic acid bacteria. In tropi-
cal environmental conditions, with the use of non-sterile implements and without refriger-
ation, fermentation can scarcely be avoided. In order to minimize fermentation, sap is usu-
ally collected two or more times per day, and anti-microbial agents are added to the col-
lecting vessel. These agents may be lime or the bark or wood of certain trees and/or crushed
dried leaves (Dransfield, 1976b; Theivendirarajah & Jeyaseelan, 1977; de Zoysa, 1992;
Siebert, 1999). In addition, vessels are cleaned regularly and sometimes treated with lime
or smoke (Theivendirarajah & Jeyaseelan, 1977).

Fresh sap quickly spoils without filtration and refrigeration. Because refrigeration is
costly and because maintaining fresh sap at the optimum temperature during transport and
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marketing is impractical, fresh sap is essentially a product confined to local markets.
Sugar, syrup and vinegar are relatively stable at ambient temperatures and enter local, re-
gional, and sometimes even international markets. A sixth product, a natural source of
yeast for leavening bread, is also attributed to fermented palm sap (Brady & McGrath,
2010), but this is a highly local use. The use of fermented palm sap as a source of baker’s
yeast is seldom documented in ethnobotanical literature, and our review will not discuss
this use any further.

The use of palm sap has responded to market forces throughout the world. Sugar cane
has supplanted palms as a source of sugar in some parts of the tropics. As cultures change,
some palm products fall into disuse. For example, there are historical records of Phoenix ca-
nariensis sap being processed into wine (see above), but nowadays, its only use is for syrup
or as a non-alcoholic fresh drink (“guarapo”). Likewise, Sabal bermudana, once tapped for
its sugary sap in Bermuda, is no longer exploited (Hodge, 1960), and Mauritia flexuosa
(synonym: M. vinifera) is no longer or only rarely used for beverage and alcohol produc-
tion (Schomburgk, 1923; Lévi-Strauss, 1952), although it produces a valuable and much
used fruit crop in the Amazon Basin (Padoch, 1988). In the latter two cases, alternative
sugar and alcohol sources have supplanted palm sap in the local economies.

GEOGRAPHIC RANGE OF PALM SAP USE

The use of Phoenix canariensis in the Canary Islands is the only instance of palms
being tapped for sap in a European country, but Europe has very few native palms. Through-
out much of the world, palms are or have been tapped for their sweet sap almost every-
where in which palms grow (Tab. 1). The factors that determine whether palm resources are
used for sap include abundance of palms, their productivity as a sap resource, local knowl-
edge and skills, and alternative sugar sources.

In the Americas, several genera have been used for sweet sap since pre-Columbian
times. The earliest depiction of an American palm used for wine comes from the Drake
Manuscript (Pierpont Morgan Library, 1996). The drawing, which shows a pinnate-leaf
palm with leaf-bases retained on the trunk (Fig. 1), may represent either Acrocomia ac-
uleata or a species of Attalea. The artist has fancifully shown the tapping at the base of the
trunk, although the text makes it clear that terminal bud (“heart”) was tapped. The full text
reads: “Tree from which the Indians draw wine having the taste of perry [fermented pear
juice]; they cut the trees nearby giving shade so that the sun can give its warmth more in-
tensively, for the stronger the sun the more wine has the tree. They also pierce said tree to
its heart in order to make the wine gush out and even make a big fire to keep away the poi-
sonous beasts.” There is no indication of where the practice was observed; it could have been
anywhere in the Caribbean Basin from Colombia or Panama to Veracruz (Mexico) and the
Antilles, all places visited by Sir Francis Drake during the 16th century (Dudley, 2003).
Nevertheless, the illustration makes clear that during this period tapping of palms was prac-
ticed in the New World by the Amerindians.

In Chile, the endemic Chilean Palm (Jubaea chilensis) was most famously mentioned
by none other than Charles Darwin. After visiting Chile on 16 August 1834, Darwin (1845)
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wrote of the palms, “They are excessively numerous in some parts of Chile, and valuable
on account of a sort of treacle made from the sap.” The English common name, Chilean
Wine Palm, is a misnomer, as the palm sap is not fermented into wine. Elsewhere in Cen-
tral and South America, Acrocomia aculeata and at least three species of Attalea are tapped
for sap (for references, see Tab. 1). In the Dominican Republic, both Pseudophoenix vinifera
and P. ekmanii are used for sap. Schomburgk (1923) published observations on the use of
Mauritia flexuosa, a very widespread palm in South America. A published report (Haynes
& McLaughlin, 2000) that three species of Bactris (B. guineensis, B. major, B. maraja),
two species of Parajubaea (P. cocoides, P. torallyi), and two of Oenocarpus (O. bataua, O.
distichus) are exploited for sap appears to be in error or to represent very minor usage (or
perhaps, potential use), as we have been unable to locate any primary literature on their use
for sugary sap.

Africa and Madagascar are home to several sap-producing palms (see Tab. 1), the
best-known of which are the African Oil Palm (Elaeis guineensis), better known as a source
of edible oil, several species of Raphia, including R. vinifera, R. farinifera, R. sudanica, R.
africana and R. hookeri, and the Date Palm (Phoenix dactylifera). The Senegal Date
(Phoenix reclinata) is also used for sap. Another important sap source is the genus Boras-
sus, two species of which occur in Africa and are tapped: Borassus aethiopum and B. ake-
assii. A fifth genus, Hyphaene, is sometimes tapped. Three of its species are known to be
used for sap: H. coriacea, H. petersiana, and H. thebaica. In Madagascar, the following
species are known to have been used for sap: Beccariophoenix madagascariensis, Boras-
sus madagascariensis, Hyphaene coriacea, Raphia farinifera, and Dypsis nodifera, although
some of these palms are now so rare that they are no longer tapped for sap (Dransfield &
Beentje, 1995).

In Asia, Malesia, and the Pacific Islands, the most important sap-producing palms
are Phoenix sylvestris, the coconut (Cocos nucifera), the sugar palm (Arenga pinnata),
Caryota urens and C. cumingii, Corypha utan and C. umbraculifera, Nypa fruticans, and
Borassus flabellifer (see Tab. 1). These species are widely used across a large area from
India to Polynesia. These species may owe their broad geographic distribution in part to
their utility as sources of sweet sap. Other species of Arenga and Hydriastele microcarpa
are also sometimes used. The Betel-nut Palm (4reca catechu) as a source of sweet sap was
mentioned by Dalibard (1999), who erroneously attributed the information to Johnson
(1988), but no such information was given by Johnson (1988). Likewise, a report (Haynes
& McLaughlin, 2000) that Rhopalostylis sapida of New Zealand is tapped for sap ap-
pears to be erroneous as a review of the economic botany of this island makes no men-
tion of it (Brooker et al., 1989). In Vanuatu, the use of Calamus vitiensis (as C. vanuat-
uensis) for sap was mentioned in error (Johnson, 1998); the stems of this lianoid palm are
cut for their xylem liquid, which is a reliable and readily obtainable source of drinking
water.

Australia, despite having a rich palm flora, has no indigenous palm-tapping culture.
Sweet sap from other tree sources was collected by Aboriginal people, along with flower
nectar and honey (Isaacs, 1987; Latz, 1995).
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METHODS OF TAPPING

Palms, unlike most trees, typically have unbranched stems. Moreover, as mono-
cotyledons, they have scattered vascular bundles in their stems, rather than the concentric
rings of vascular tissue found in other trees. These two aspects of palm morphology impose
strict limits on how palms can be tapped for sap. Some palms are clustering and produce
multiple stems via basal branching. Species of Hyphaene are unusual in that they are clus-
tering and their aerial stems naturally branch dichotomously. In clustering palms, the pres-
ence of multiple stems allows for tapping different stems over time. Palm stems are tapped
in ways that are either destructive to the stem (and to the individual palm, in the case of sin-
gle-stemmed palms) or non-destructive.

Most palms produce axillary inflorescences, and a mature palm produces an inflores-
cence at every leaf axil. Methods of tapping that exploit the inflorescence do no harm to the
palm and can be practiced over the life of the palm. A few sugar-producing palms have un-
usual life histories: they are hapaxanthic, meaning that the stem producing the inflores-
cence(s) dies after flowering and subsequent fruiting. In the case of clustering, hapaxanthic
species, individual stems die, but other stems live and continue to grow. Individuals of soli-
tary-stemmed, hapaxanthic palms die after flowering and fruiting. Caryota, Arenga, and
Raphia are hapaxanthic palms with both solitary-stemmed and clustering species. The flow-
ering process in these genera is prolonged, in which many new inflorescences are produced
over a period of several months or even years, thus prolonging the tapping life of an indi-
vidual. In the hapaxanthic genus Corypha, which has a solitary stem that produces a single,
massive, terminal inflorescence, the palm is truly monocarpic. Tapping the inflorescence
will neither hasten nor delay the eventual death of the palm.

Destructive Tapping of the Stem

In the Americas, the palms in the genera Acrocomia, Attalea, and Pseudophoenix are
tapped in a destructive way. The process is relatively simple: The selected palm is felled by
cutting the trunk at or near ground level. The stem is placed horizontally, and the leaves are
removed. Using a knife or axe, a person cuts a box-shaped cavity or trough into the bud of
the palm just above the apical meristem (Fig. 2). The cavity is cleaned of debris and cov-
ered with leaves, plastic, or cloth. Over a period of ca. 24 hrs., the cavity fills with sap,
which is scooped out with a ladle or cup. Sap production and collection proceed over many
weeks, until the palm stem is exhausted. A similar method was described by Schomburgk
(1923) for Mauritia flexuosa, with the addition of burning a fire under the length of the
trunk in order to hasten sap flow. Workers extract sap from Pseudophoenix ekmanii, a rel-
atively small palm, without felling the stem (Fig. 3). A rectangular hollow or trough is cut
away, and the flow of sap is collected in a bottle or vessel attached to the stem below the
trough. Standing palms occasionally survive such rough treatment, and one can find living
trees bearing the scars of sap extraction.

In parts of tropical Africa and Madagascar, Elaeis guineensis is destructively har-
vested for sap. The procedure is much the same as used in the Americas: the palm is felled
or left standing, the apical bud is partially scooped out, and the sap is allowed to accumu-
late (Onuche et al., 2012). A similar method is used to tap Borassus aethiopum, but the
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palm is left standing during the procedure. The method involves cutting through the leaf
bases, into the terminal bud. A spout (often made of bamboo) is inserted into the cut area,
and sap 1s directed into a vessel affixed to the palm (Sambou et al., 2002). If the incisions
are not too deep, the palm may survive, but usually the palm dies after 3545 days of tap-
ping (Sambou et al. 2002). Tuley (1964) described a similar process for Raphia hookeri in
Nigeria, but with the addition of inserting a small bundle of smoldering kindling into the in-
cision to “stimulate” the flow of sap.

In Chile, the Chilean Palm (Jubaea chilensis) has been used for centuries, and vast
numbers of the palms have been destroyed in pursuit of its sweet sap (Gonzalez ef al., 2009).
The palm is uprooted and the stem is placed horizontally. The apex of the crown is removed,
cutting down into the terminal bud (Fig 4). Sap flowing off the cut surface is funnelled into
collecting vessels for later processing into syrup. An identical method is employed for tap-
ping Raphia hookeri in tropical West Africa (Russell, 1963).

Clustering palms, such as Phoenix reclinata, Hyphaene coriacea, and H. thebaica,
are exploited for sap in Africa in ways that are destructive to individual stems, but non-de-
structive to the entire plant. In all cases, single stems are selected, leaves are trimmed or
burned, and the stem is tapped while standing or the stem is felled. The apical bud is tapped
by boring or cutting into the bud and collecting the sap as it exudes (Blanc-Parmard, 1980)
or by decapitating the palm just above the apical meristem and cutting a channel to one side
of the stump to direct sap flow into a collection vessel. Sometimes a spout is added, and the
cut surface and vessel are protected from the sun and dust with a plaited leaf of H. coriaceae
(Cunningham, 1990). Occasionally, the stem survives this procedure if the daily cuts never
progress as deep as the apical meristem.

Non-Destructive Tapping of the Stem

A skilled tapper can cut into the apex of the stem without destroying the apical meris-
tem. A palm tapped in this way survives the process and can be tapped again. There are two
methods of tapping the stem in a non-destructive way: cutting from the top of the palm or
cutting from the side of the leaf crown. The former method is has been used for centuries
to tap Phoenix canariensis in the Canary Islands and P. dactylifera in parts of North Africa.
The tapper climbs into the crown of the palm and removes the youngest leaves, leaving the
older leaves to support the palm. In the Canary Islands, with P. canariensis, the apex of the
leaf bud is scooped out — taking care not to go too deep and injure the meristem — to form
a bowl-shaped hollow at the apex of the stem in which palm sap accumulates (Fig. 5). With
P. dactylifera, the apical bud is trimmed to a cone-shaped structure, from which the sap ex-
udes and trickles to the base of the cone, collects in a trough cut into the stem, and is directed
via a spout into collecting vessels (Barreveld, 1993). In both methods, the sap-exuding sur-
face must be periodically re-cut to encourage adequate flow of sap.

In Borassus akeassii, the new leaves in the terminal bud are tapped by boring a hole
into the crown. The sap flowing from the bore-hole is collected in a vessel, and the hole is
re-drilled daily to ensure sap flow (Yaméogo et al., 2008).

A well-illustrated account of the non-destructive method of tapping Phoenix sylvestris
was given by Davis (1972). The palm is tapped by exposing the stem on one side of the
palm, at or just below the stem’s apical meristem. The face of the wound exudes sap, which
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is channelled to a spout at the base of the wound and directed into a collecting vessel. Re-
peated tapping, on opposite sides of the stem, results in a zigzag pattern of scars on the
trunk (Fig. 6).

Non-Destructive Tapping of the Inflorescence

The male inflorescence of Borassus flabellifer is specifically chosen for tapping. An
excellent, step-by-step account of the tapping procedure used in Java was given by Drans-
field (1976b). The inflorescence is squeezed or bruised for several days prior to the actual
tapping. This process is said to encourage sap flow. When the inflorescence is ready, the tap-
per excises distal portions of the branches, and attaches a collecting vessel. The vessel is
emptied twice daily, and the ends of the branches recut to ensure unobstructed sap flow. A
very similar process is described for Arenga pinnata (Miller, 1964; Siebert, 1999) and Nypa
fruticans (Davis, 1988; Hamilton & Murphy, 1988).

The process of tapping Caryota urens in Sri Lanka was described in detail by de Zoysa
(1992). While similar to that of Borassus and Arenga, the tapping process has some addi-
tional steps. The process begins when the palm, a solitary, hapaxanthic species, begins to
initiate inflorescences. The inflorescence selected for tapping is subjected to “stimulation”
by removing the enclosing bracts and bruising the inflorescence with a stone or the handle
of the tapper’s knife. Next, the bruised area is treated with a paste made from ground leaves,
slaked lime, lamp black, and others additives, such as salt, mustard, and garlic. The inflo-
rescence is bound along its length with a rope and allowed to rest for 48 hrs, after which
time, the tip is sliced off and a vessel attached to collect the flow of sap. Often, a forked
branch is attached to the palm to support the inflorescence and collecting vessel.

The tapping of coconut (Cocos nucifera) inflorescences is similar to those described
above. The process, as practiced in coastal Kenya, was described by Kadere et al. (2004).
The process begins when the tappers force the emerging inflorescence into a pendant posi-
tion. This is accomplished by notching the woody bract that surrounds the inflorescence
and tying the inflorescence into position with rope. When the inflorescence has reached its
full size, the tip is cut off, then the branches, bound together in a bundle, are allowed to
exude sap into a collection vessel. The vessel is emptied two or three times a day, and the
cut end of the inflorescence is shaved daily to insure unobstructed sap flow. There is no
beating or bruising of the inflorescence prior to tapping.

The terminal inflorescences of monocarpic Corypha species have been reported as a
source of sap in the SE Asia (see Tab. 1). The massive inflorescence must be a tremendous
physiological sink for the sugar reserves of the palm, but surprisingly, this genus is not often
mentioned as a sap source in the region (Davis, 1988). The use of this genus for sap has re-
ceived scant attention in the literature.

In parts of Africa, the inflorescences of Elaeis guineensis and various species of
Raphia are tapped for sap (Onuche ef al., 2012). The process, at its most basic level, sim-
ply involves cutting the inflorescence, sometimes back to the peduncle, and attaching a ves-
sel to collect the exudate (Fig 7).
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SUSTAINABILITY

The tapping of inflorescences of Cocos nucifera, Nypa fruticans, Arenga pinnata, Bo-
rassus flabellifer and Caryota urens is highly sustainable, causing no permanent damage to
the palms. Provided that some inflorescences are allowed to mature and produce seeds for
population regeneration, there is no reason to believe that palms could not be tapped in-
definitely. Likewise, the careful tapping of Phoenix canariensis and P. sylvestris is re-
markable for its sustainability. Indeed, the many tapping scars evident of some very old
palms (e.g., Fig. 6) show that tapping can occur throughout the life of the palm, with obvi-
ous economic benefits to the tapper.

Destructive harvesting of palms, which are large, long-lived perennials, is known to
be unsustainable at current levels of exploitation in some areas (Cunningham, 1990; Mol-
let et al., 2000), although with stringent limits to the number of individuals cut, along with
reforestation programs, some species (e.g., Jubaea chilensis) can be sustainably harvested
(Gonzalez et al., 2009). There are, however, areas in sub-Saharan Africa where palm pop-
ulations are being depleted (Sambou et al., 1992, 2002). The rate of harvesting will likely
rise as human populations grow. In Madagascar, Beccariophoenix madagascariensis is now
so rare near human population centres (Dransfield & Beentje, 1995) that the practice of tap-
ping the palms for sap has all but died out.

There are no apparent physiological or anatomical differences among palms whose
stems are tapped versus those whose inflorescence are tapped, so there is no reason why in-
florescence-tapping could not be substituted for destructive stem-tapping. In fact, Elaeis
guineensis 1s exploited both ways by different communities of tappers in different regions of
Africa (Onuche et al., 2012). Borassus aethiopum is morphologically very similar to B. fla-
bellifer, and yet the former is destructively tapped in western Africa while the latter is sus-
tainably exploited in Asia. These palms illustrate that sustainable practices could, in theory,
supplant unsustainable practices through a process of training and outreach to palm tappers.

As demonstrated by the centuries-long use of Phoenix canariensis in the Canary Is-
lands, the sustainable and rational use of palms can insure that traditional sources of suste-
nance and economic benefit last for generations to come.
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Table 1.- Palms tapped for sweet sap. Product: beverage (unfermented) = Be; alcohol = Al, sugar =
Su; syrup = Sy; vinegar = Vi.*Indicates that the palm is no longer tapped for sap. Palm species names
follow the nomenclature of Palmweb [Palmweb (2013). Palmweb: Palms of the World Online. Pub-

lished on the internet http://www.palmweb.org.Accessed on 28 Jan 2013].

. Y
SPECIES LOCALE ::PR;ED T:sz::fc'::,';/ é REFERENCE(S)
Acrocomia aculeata(Jacq.) Lodd. | southern Mexico, | terminal bud | destr. Al | Balick, 1990;
ex Mart. Central America Sylvester et al., 2012
Arenga pinnata(\Wurmb) Merr. Indonesia, inflorescence | nondestr. Al, | Miller, 1964;
Malaysia, SE Asia, Su, | Dransfield, 1976a;
Philippines Vi | Siebert, 1999
Arenga tremula(Blanco) Becc. Philippines inflorescence | nondestr. Al | Madulid, 1991
Arenga wightii Griff. India inflorescence | nondestr. Al | Basu, 1991
Attalea butyracea(Mutis ex L.f.) Colombia terminal bud | destr Al, Vi | Bernal et al., 2010
Wess. Boer
Attalea cohune Mart. Honduras, Mexico | terminal bud | destr. Al | Balick, 1990
Attalea speciosa Mart. Brazil terminal bud | destr. May et al., 1985
Beccariophoenix madagascariensis | Madagascar stem below | ? Al | Decary, 1964
Jum. & H.Perrier* terminal bud
Borassus aethiopum Mart. Tropical Africa stem below | destr. Al | Sambou et al., 2002
terminal bud
Borassus akeassii Bayton, Quédr. | West Africa stem below | nondestr. Al | Bayton et al., 2006;
& Guinko terminal bud Yaméogo et al., 2008
Borassus flabellifer L. India, SE Asia; inflorescence | nondestr. Be, | Dransfield, 1976b;
Indonesia Su, Vi | Fox, 1977,
Jayatissa, 1983;
Davis & Johnson, 1987
Borassus madagascariensis Madagascar inflorescence | nondestr. Al | Decary, 1964
(Jum. & H.Perrier) Bojer ex Jum.
& H.Perrier
Caryota cumingiiLodd. ex Mart.* Philippines inflorescence | nondestr. ? Johnson, 1992
Caryota mitis Lour.® Philippines inflorescence | nondestr. ? Johnson, 1992
Caryota urens L. Sri Lanka, India inflorescence | nondestr. | Al, Su, | de Zoysa, 1992;
Sy, Vi | Basu, 1991
Cocos nucifera L. SE Asia, Africa inflorescence | nondestr. | Al, Be, | Hodge, 1963;
Su, Vi | Jayatissa, 1983;
Kadere et al., 2004
Copernicia prunifera(Mill.) Brazil ? 7 Be, Al | Johnson, 1972
H.E.Moore*
Corypha umbraculifera L. SE Asia inflorescence | nondestr. Be |Fox, 1977
Corypha utan Lam. Indonesia inflorescence | nondestr. Al, | Abrenillaetal., 1988;
Su, Vi | Mogea, 1991
Dypsis nodifera Mart.* Madagascar ? ? Al | Decary, 1964
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. S
SPECIES LOCALE TARED epma v/ é REFERENCE(S)
Elaeis guineensisJacq. Ghana, Ivory Coast, | terminal bud | destr. Al | Onuche et al., 2012
Nigeria,
Madagascar
Nigeria, Senegal, | inflorescence | nondestr. Al | Onuche et al., 2012
Benin, Ivory Coast
Hydriastele microcarpa(Scheff.) Indonesia inflorescence | nondestr. Be | Mogea, 1991
W.J.Baker & Loo
Hyphaene coriacea Gaertn. Madagascar; terminal bud | destr. Al | Decary, 1964;
SE Africa Cunningham, 1990
Hyphaene petersiana Namibia terminal bud | destr. Al | Sullivan et al. 1995
Klotzsch ex Mart.
Hyphaene thebaica (L.) Mart. Eritrea, Yemen ? 7 Al, | Gifri & Gabali, 1991;
Sy, Vi | Ogbazghi & Bein 2007
Jubaea chilensis (Molina) Baill. Chile terminal bud | destr. Sy | Gonzélez et al., 2009
Mauritia flexuosa L.f.* Brazil terminal bud | destr. Be, Al | Martius, 1824;
Schomburgk, 1923;
Lévi-Strauss, 1952
Nypa fruticans Wurmb Bangladesh, inflorescence | nondestr. Al, | Davis, 1988;
Philippines; Su, Vi | Hamilton & Murphy, 1988;
Indonesia, Rasco, 2010
Papua New Guinea
Phoenix canariensisChabaud Canary Islands terminal bud | nondestr. | Be, Sy | Quintero Lima, 1985
Phoenix dactylifera L. North Africa terminal bud | nondestr. | Al, Su | Barreveld, 1993
Phoenix reclinataJacq. SE Africa terminal bud | destr. Al | Cunningham, 1990
Phoenix sylvestris(L.) Roxb. India, Bangladesh | stem below | nondestr. | Al, Be, | Davis, 1972;
terminal bud Su, Sy | Kamaluddin et al., 1998;
Chowdhury et al., 2008;
Rana et al., 2009
Pseudophoenix ekmanii Burret Dominican Republic | terminal bud | destr. Be | Zona, 2002;
Namoff et al., 2011
Pseudophoenix vinifera (Mart.) Haiti, Dominican terminal bud | destr. Be | Zona, 2002;
Becc. Republic Namoffet al., 2011
Raphia africana Otedoh Nigeria inflorescence | nondestr. Al | Otedoh, 1982
Raphia farinifera(Gaertn.) Hyl. Madagascar destr. Al | Decary, 1964
Raphia hookeriG.Mann & H.Wendl. | West Africa terminal bud | destr. Al Vi | Russell, 1963;
Tuley, 1964;
Jayatissa, 1983
Raphia sudanica A. Chev. West Africa stem below | destr. Al | Russell, 1963
terminal bud
Raphia vinifera P. Beauv. Nigeria stem below | destr. Al | Russell, 1963
terminal bud
Sabal bermudana L.H. Bailey* Bermuda stem below | nondestr. Al? | Hodge, 1960

terminal bud
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Figure 1.- An illustration of the tapping process from the 16" Century Drake Manuscript
(Pierpont Morgan Library, 1996). Image courtesy of The Morgan Library, New York.
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Figure 2.- The tapping process of Acrocomia aculeata involves cutting a trough into the terminal bud
of a felled palm. The plastic sheet will keep rain and debris out of the trough as it fills with sap. Pho-
tograph by Michael J. Balick.



110 FRANCISCO-ORTEGA & ZONA

T,

—a .

Figure 3.- An individual of Pseudophoenix ekmanii in the Dominican Republic recently tapped for
sap. It is doubtful that this palm will survive. Photograph by Scott Zona.
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Figure 4.- The stem of Jubaea chilensis is laid down, and the crown is removed. The black fabric pro-
tects the apical cut and the accumulating sap. Photography by Patricio Gonzalez.
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Figure 5.- The apical meristem of Phoenix canariensis regrows after tapping on La Gomera, Canary
Islands. Powdered sulfur has been applied to the cut surface to protect against fungal growth, and the
apex is shaded with fabric (removed for photography). Photograph by Scott Zona.
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Figure 6.- Repeated tapping of Phoenix sylvestris in Bangladesh leaves zigzag scars on the trunks.
Photograph by Mohammad Shaheed Hossain Chowdhury.

Figure 7.- Elaeis guineensis being tapped in Senegal. Photograph by Jan Michael Thl.



