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1. Introduction
Kava (Piper methysticum Forst. f,), a member of the pepper family Piperaceae, is an outstanding ethnopharmacological species. The drug is, or once was, consumed in a wide range of Pacific Ocean societies, from coastal areas on the large Melanesian island of New Guinea in the west to isolated Polynesian Hawai'i, 7000 kilometers distant to the northeast. Kava is a handsome shrub that is propagated vegetatively, as are most of the Pacific's major traditional crops. Its active principles, a series of kavalactones, are concentrated in the rootstock and roots. Islanders ingest these psychoactive chemicals by drinking cold-water infusions of chewed, ground, pounded, or otherwise macerated kava stumps and roots.
One concern of this book is to pinpoint the place in the Pacific region where kava was first domesticated. Of the Pacific's two main traditional drug plants, kava is the indigenous species. The other, a palm (Aeca catechu), whose fruit is commonly called betel or betelnut, appears to have been domesticated in the vicinity of the Malay Peninsula and is used today throughout much of mainland and island Southeast Asia (Marshall 1987).
When European explorers first landed on remote Pacific islands, they encountered societies in which kava drinking was an integral part of religious, political, and economic life (figures 1.1, 1.2, and 1.3). Although cultivation and use of the plant has virtually disappeared from eastern Polynesia and Kosrae Island (previously Kusaie) in Micronesia, kava remains an important psychoactive drug in much of Melanesia, in most of the islands of western Polynesia (including Samoa and Tonga), and on Pohnpei Island in Micronesia (see appendix A).
Scientific observation of the use of kava dates to the earliest European voyages of exploration (figure 1.4). The eighteenth-century British explorer James Cook noted in his log that venturesome members of his crew who sampled heavy doses of the drug seemed to experience symptoms similar to those induced by opium. Cook's comparison was inaccurate, for kava is neither a hallucinogen nor a stupefacient. Rather, the drug is a mild narcotic, a soporific, a diuretic, and a major muscle relaxant.
Given the plant's complex and subtle psychoactivity, it is difficult to categorize in the terms of common drug classification schemes. Schultes and Hoffman (1979) follow Lewin (1924) and typify kava as both a narcotic and a hypnotic. Siegel (1989) describes the plant as a sedative hypnotic. The psychoactive potency of the drug can vary considerably, from very weak to quite strong. Kava may induce sociability, feelings of peace and harmony, and, in large doses, sleep, or it may fail to produce relaxation and provoke nausea. Typically, however, kava evokes an atmosphere of relaxation and easy sociability among drinkers. Although we use the terms intoxication, drunkenness, and inebriation to describe human physiological reaction to the plant, the state differs from that induced by ethanol or other familiar drugs found in the Western world.
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Figure 1.1. "Poulaho, King of the Friendly Islands [Tonga) Drinking Kava," by J. Webber, artist on Captain James Cook's third voyage to the Pacific (courtesy of Hawaii State Archives, Honolulu).
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Figure 1.2. Nineteenth-century studio photograph of kava preparation, Fiji (courtesy of the British Museum, Department of Ethnography).
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Figure 1.3. Samoan taupou (ceremonial virgin) prepares kava (courtesy of Bishop Museum, Honolulu).
Kava has a strong but not unpleasant smell. Its taste, which can be acrid and astringent, has been characterized as earthy (or "like dirt" by less friendly drinkers). The botanist J. G. Forster (1777), who sailed with Cook on his first exploratory voyage, described kava infusions he sampled in Polynesia as either tasteless or mildly peppery. (We may assume that his sample was watered down; the flavor of kava is normally strong.) Like tobacco and coffee, kava for most people is an acquired taste.
The most reliable evidence suggests that cultivated kava derives from a wild progenitor, Piper wichmannii C. DC., a fertile Piper indigenous to New Guinea, the Solomon Islands, and Vanuatu (previously the New Hebrides). Although many Western botanists distinguish P. wichmannii from P. methysticum, we argue that there now exist convincing morphological, chemical, and genetic grounds for considering these two taxa of Piper to be wild and cultivated forms of the same species. Piper methysticum consists of sterile cultivars cloned ultimately from P. wichmannii in an ongoing selection process. When we speak of kava, or the kava drink, therefore, we refer in the main to what botanists know as P. methysticum, although Pacific Islanders also cultivate and use as kava several varieties of the plant that botanists label P. wichmannii. We also use the word kava synonymously, as do Pacific Islanders, to refer to both the plant itself and the psychoactive beverage made from its rootstock.
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Figure 1.4. Piper methysticum, drawn in 1769 by Sydney Parkinson, the expeditionary artist on Captain James Cook's first voyage to the Pacific.
Today P. methysticum is a cultivated plant comprising many different cultivars grown widely throughout the insular tropical Pacific region. Each cultivar has specific requirements and a much more restricted range of distribution than P. methysticum as a whole. A remarkable variability in cultivar characters has developed over many generations of human selection of clones best adapted to the diverse local climates and soils.
The prehistory of the discovery and settlement of the remote tropical Pacific Islands has been a popular object of speculation and debate since the 1700s. It now is clear that Pacific Island peoples, along with most of their domesticated plant and animal assemblages, originated in Southeast Asia. Humans first colonized Sahul, the large land area of New Guinea and Australia (then connected by a land bridge), at least 40,000 years ago (Bellwood 1978). They reached the nearby islands of western Melanesia somewhat later (e.g., New Ireland circa 32,000 B.P.), and the western Solomon Islands circa 29,000 B.P.; Allen, Gosden, and White 1988). Until about 4000 years B.P., human settlement in the Pacific was restricted to these westernmost islands of Melanesia. Since then migrants in sailing canoes have located and populated all of the remaining inhabitable tropical and subtropical islands of the central and eastern Pacific.
The first settlers of Sahul foraged for food and other useful resources among the native plants and animals of newly occupied territories. Some of these people adopted agriculture at an early date. Archaeologists have found evidence of intensive agriculture in the highlands of New Guinea dating perhaps as far back as 9000 B.P. and certainly to 6000–5500 B.P. (Bellwood 1979; Golson 1985). Some prehistorians argue for an independent development of agriculture in New Guinea—perhaps even predating the emergence of agriculture in neighboring Southeast Asia. Others suggest, rather, that agriculture emerged simultaneously and independently in Southeast Asia and New Guinea.
Although some Pacific cultivars, such as fruited Pandanus, sugarcane, and the Australimusa banana, have been identified as New Guinea domesticates (Barrau 1965; Yen 1985, 1991), the major Pacific staple root crops, such as yams (Dioscorea spp.) and taros (Colocasia esculenta, Cyrtosperma chamissonis, and Alocasia macrorrhyza), appear to have been first cultivated farther to the west and traded or carried into New Guinea and the rest of the Pacific by migrant groups. As noted above, the Areca catechu palm, the other major Pacific drug plant, also probably has Southeast Asian origins and an easterly pattern of diffusion into the Pacific Islands region.
Not all of the Pacific's traditional crops trace back to Southeast Asian or New Guinean roots. Yen provides numerous examples of species he believes were domesticated or selected by central Pacific farmers (Yen 1985, 1991). He suggests that "the Oceanians retained (or reinvented) the ethnobotanical concepts of domestication throughout their geographical spread and individual paths of development" (1985). We argue that kava, too, is a Pacific domesticate that originated outside Southeast Asia and New Guinea. We suggest that farmers in the northern islands of Vanuatu were the first to select and develop the species as a vegetatively reproduced root crop. Given the archaeological evidence of the relatively recent arrival of humans in eastern Melanesia, a Vanuatu origin for kava suggests that P. methysticum is a fairly young domesticate—perhaps less than 3000 years old. From Vanuatu, kava was carried eastward into Fiji and Polynesia and westward into scattered areas of New Guinea and into two islands of central Micronesia. We dispute some recent speculation that kava may first have been domesticated in the neighborhood of the Bismarck Archipelago off northeastern New Guinea (Brunton 1989; cf. Yen 1991). The botanical, genetic, and chemical evidence that supports our assertion of kava's Vanuatu origins and its westward diffusion to New Guinea, Pohnpei, and Kosrae is provided in chapters 2, 3, and 4 of this book.
Few human cultures are unacquainted with psychoactive drugs of some sort. Reflecting on the consumption of self-administered drugs by laboratory animals, some pharmacologists have concluded that" animal data strongly suggest that from a biological viewpoint drug-seeking behavior is normal" (Schuster, Renault, and Blaine 1979). Jaffe similarly has noted that "drugs themselves are powerful reinforcers, even in the absence of physical dependence" (1985). According to Siegel (1989), "there is a natural force that motivates the pursuit of intoxication. This biological force has found expression throughout history. . . . It has led to the discovery of many intoxicants, natural and artificial, and to demonstrations of its irrepressible drive" (see also Weil 1972).
If humans are biologically attracted to psychoactive chemicals, one might easily imagine members of isolated Pacific island communities having the desire and curiosity to experiment with locally available flora. If the people who undertook remarkable voyages of discovery to the far-flung island groups of the Pacific neglected to bring along in their canoes any previously known psychoactive species, they may have been particularly motivated to seek out and experience alternatives, such as P. wichmannii, from available native flora.
In addition to the ordinary human proclivities toward drug use and the self-reinforcing character of psychoactive chemicals themselves, a cultural rationale for the ethnobotanical pursuit and domestication of drug species has been identified by the anthropologist W. La Barre. Most traditional religions worldwide—with the exceptions of the great monotheistic religions based on well-established written traditions, such as as Judaism, Christianity, and Islam—rely on revelation and inspiration for the production of religious knowledge and experience. Drugs are frequently an integral means to achieve psychic states amenable to religious inspiration. Referring to New World peoples, La Barre (l970) writes, "Whether shaman alone, or shaman and communicants, or communicants alone imbibe or ingest the Ilex black drink, datura infusions, tobacco in whatever forms, native beers and wines, peyote cactus, ololiu seeds, mushrooms, narcotic mint leaves or coca, the ayahausca (Banisteriopsis caapt) or 'death vine'—or any of the vast array of Amerindian psychedelics-the principle is the same. These plants contain spirit power." Given the common importance of revelatory religious experience, humans can be culturally programmed, as well as naturally inclined, to search for and experiment with mind-altering plants to gain insight into human existence. Drugs provide a means by which people can establish and maintain communication with their ancestors and deities. Harner (1973), following La Barre, notes: "We of a literate civilization may get both our religion and our religious proofs from books; persons in non-literate societies often rely upon direct confrontation with the supernatural for evidence for religious reality. Such divine communication may be induced by fasting, flagellation, sensory deprivation, yogic exercises, meditation, or ritual dancing or drumming; but predominantly it is induced through the consumption of psychoactive drug-plants."
Kava acts to transport imbibers to the realm of ancestors and gods. Although the relative importance of kava's religious and secular functions varies from island to island within Polynesia, Melanesia, and Micronesia, everywhere the drug serves (or served) as a means of religious inspiration. Kava drinking is "an important kind of ritual, usually involving the invocation of ancestral spirits" (Kirch 1984). Kava can thus be compared with many other psychoactive plants utilized by people around the world to transcend normal consciousness and experience and to reinforce and validate spiritual beliefs (see Schultes and Hofmann 1979; Wasson 1980).
We can surmise that the prehistoric peoples who first colonized the tropical Pacific Islands had powerful religious and biological motivations to investigate the mind-altering potentials of the plants native to their new island homes. The floral and faunal inventory of remote Pacific landfalls, however, is notably depauperate. The floral assemblages of even the higher, larger, and more ecologically diverse volcanic islands lack the typical variety of most tropical continental ecosystems because of the great dispersal barrier of the Pacific Ocean. Settlers in Vanuatu, for example, were confronted by as few as 1500 plant species (Cabalion and Morat 1983). In spite of this limited botanical biodiversity, they succeeded in locating, selecting, and domesticating a valuable ethnopharmacological species with prized psychoactive effects.
It is possible that humans were initially attracted to wild P. wichmannii because of its therapeutic effects. People from several northern Vanuatu islands still utilize this plant as a folk medicine. Significantly, a survey of folk medicines in Papua New Guinea discovered no therapeutic uses of P. wichmannii in areas where it grows naturally today (Holdsworth 1977). A vastly larger and more westerly land mass than Vanuatu, New Guinea has a floral assemblage of 1465 genera in 246 families (van Balgooy 1976), which is many times greater than that of Vanuatu. It may be that the relative impoverishment of the Vanuatu flora both required and enabled settlers to scrutinize the therapeutic and psychoactive potential of local species more intensively. In New Guinea, if residents overlooked the potentials of P. wichmannii, they did discover a spectrum of other psychoactive species. These include fungi (e.g., Boletus spp., Heimiella spp., Russula spp.), wild gingers (Alpinia spp., Hornstedtia spp., Zingiber  spp.), and a variety of other potent tree leaves, barks, and saps, many of which do not occur on the more remote Pacific islands (see Schultes and Hofmann 1979; Marshall 1987).
Following its initial discovery, domestication, and diffusion throughout the eastern and central Pacific, kava became an integral part of island religious, economic, political, and social life. In the Pacific today, although some Islanders have abandoned its use, its traditional functions are being maintained and it is being developed into an important cash crop. The plant attracts a wide range of contemporary interest. For prehistorians and linguists, its distribution provides traces of the migrations of Oceanic peoples. For anthropologists and sociologists, the drug facilitates social interaction. For theologians, kava consumption is a religious act. For political scientists, kava ritual today symbolizes new national identities and unity within postcolonial Pacific states. Botanists are intrigued by the problems of defining the species and by the sterility of its cultivars. Geneticists have begun to survey its zymotypes and chemotypes. Agronomists view the plant as an increasingly valuable cash crop suited to the traditional agricultural practices of subsistence farmers. National development officials in some Melanesian countries suggest that investments in kava cultivation may generate desperately needed export earnings for newly independent Pacific Island nations. Pharmacologists search rain forests and folk medicinal systems for useful new therapies. And kava drinkers themselves may want to know more about their daily dose.
In the following chapters we discuss all these aspects of the Pacific drug. Chapter 2 addresses botanical aspects of wild and cultivated kavas, including geographic range, morphology, reproductive biology, and genetic fingerprinting. Nomenclatural and taxonomic problems are also discussed, including the question of whether P. methysticum is a separate species or a series of sterile cloned cultivars derived from P. wichmannii. Morphological and zymotypic data, along with chemotypic evidence discussed in the succeeding chapter, point toward kava's origins in northern Vanuatu.
Kava's physiological effects on drinkers and the chemistry of its major psychoactive ingredients, the kavalactones, are described in chapter 3. The molecular structure of kavalactones and their physiological activity are discussed, and research that identifies nine chemotype groups of P. methysticum and P. wichmannii is presented. The chapter also addresses the geographic distribution, variable psychoactivity, and social uses of different kava chemotypes.
Chapter 4 describes ethnobotanical aspects of kava, including its cultivation, folk classifications of cultivars, and methods of preparation and consumption. The chapter reviews kava's importance in folk medicine, providing examples of its traditional use to treat various island illnesses.
The anthropology of kava use is summarized in chapter 5—particularly its mythic origins, its symbolic association with drunkenness and death, its relation to sexuality, and its impact on sociability. The religious importance of altered states produced by kava drinking and the use of the drug as a means of inspiration are also discussed. The chapter concludes with several vignettes (or perhaps we might call these "kavettes") of kava use in the contemporary Pacific.
Chapter 6 deals with the economic importance of kava today. The growing of kava as a cash crop in Fiji, Tonga, and especially Vanuatu is described, along with the production, trade, and sale of kava products in both the regional beverage and the export pharmacological markets. We also note the plant's further export potential.
The final chapter summarizes our position on the origins of kava, its history and dispersal, its traditional cultural role, its contemporary economic importance, and the innovative and creative ways Pacific Islanders and other communities continue to use the drug. We suggest that in the future kava, if taken up by international pharmacological and recreational drug markets and used in a variety of novel social contexts, may spread beyond its regional base. As kava is internationalized, the Pacific drug is becoming a world drug.

2. Botany: 
Morphology, Biogeography, and Origin of the Species
Piper methysticum  Forst. f. has puzzled botanists for more than a century. It is one of the classic enigmas of Oceanic ethnobotany. Kava's relatiort to other
Piper species, its point of origin, its spotty distribution across the Pacific, and its clues to the history of human migration into the region have long been unresolved. Whether kava, like other traditional Pacific crops that are propagated vegetatively, followed the main migratory routes of Oceanic peoples is an issue of debate. Yuncker (1959) characterized kava's origin as "problematical"; Barrau (1965) guessed that "the plant is a native of eastern Indonesia or Papua New Guinea"; A. C. Smith (1981) admitted that "the nativity of Piper methysticum is uncertain"; and Brunton (1989) has suggested a western Melanesian origin.
In this chapter, after describing morphological and reproductive characteristics of kava, we review the taxonomic relations of the plant and then discuss existing theories regarding its origins. Whereas previous speculations about the domestication of the Pacific drug have been based largely upon the plant's geographic distribution and comparative linguistic analysis of its vernacular names, we also take into account various other lines of evidence. Our discussion of recent morphological and genetic research provides, we believe, more definitive information about kava's taxonomic relations, as well as its origins and distribution throughout the Pacific.
Morphology
Piper methysticum is a member of the pepper family, Piperaceae, which belongs to the order Piperales in the class Dicotyledonae. The family includes about 5 genera and more than 2000 species of herbs, shrubs, small trees, and woody climbers distributed throughout the tropics, often in rainforests (Heywood 1978). The leaves of Piperaceae are usually alternate, entire, and petiolate, and the flowers are uniformly small and grouped on a dense spike.
The genus Piper comprises about 2000 species—the great majority of the species in Piperaceae. Ten of these render products that humans use as spices or medicinal drugs. These include pepper (P. nigrum L.), one of the oldest known spices; Ashanti pepper (P. guineense Schum. and Thonn.), which is used as a pepper substitute in tropical Africa; betel 
(P. betle L.), a native of India and Southeast Asia whose leaves and inflorescences are masticatories; matico (P. angustifolium), a tropical American species that is both a spice and a local medicinal plant; cubeb 
(P. cubeba L.), also known as Java pepper or tailed pepper, a plant native to Indonesia which was formerly used as a medicine and today is used as a spice; and the long peppers 
(P. ojficinarum C. DC. and P. longum L.) that are native to the Indian subcontinent and used as spices in India and Sri Lanka.
Piper methysticum is a hardy, slow-growing perennial, generally resembling other Piperaceae (figures 2.1 and 2.2). It is an attractive shrub that can attain heights of more than three meters. Kava is cultivated for its rootstock, also referred to as the stump, where the active ingredients are located. The stump has often been erroneously called a rhizome by botanists. A true rhizome is a horizontally creeping underground stem that bears leafy roots—an organ frequently found in monocotyledons. Piper methysticum has no rhizome. Monopodial stems with sympodial branches grow from the stump.
The stump is knotty, thick, and sometimes tuberous, and it often contains holes or cracks created by partial destruction of the parenchyma. From this pithy rootstock extends a fringe of lateral roots up to three meters long that are filiform at the end. The roots comprise a multitude of ligneous fibers and consist of more than 60 percent starch. Around the center of the pith, which is made up of starch cells, are layers of vascular and ligneous tissue that alternate with small cells also filled with starch. Rootstock color varies from white to dark yellow, depending upon the amount of psychoactive kavalactones that are contained in a lemon-yellow resin.
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Figure 2.1. Samoan farmer and his two-year-old kava plants, Fagaloa Bay, Upolu, Western Samoa (photo V. Lebot).
[image: image]
Figure 2.2. Piper methysticum Forst. f., general appearance of the plant. Bar equals 4 cm. (from Lebot and Cabalion 1986).
A mature untended kava plant looks like a bouquet of ligneous stems growing from a cluster at the base. The stump grows no larger than the diameter of the plant's clumped basal stems and is located above ground level, where adventitious roots develop. Whereas cultivated kava plants often need extensive excavation of their root systems when harvested, relict kava plants in abandoned growing areas are easily uprooted by hand.
Under cultivation, kava rootstock develops into its characteristic voluminous starchy mass as a result of intensive soil mounding by farmers who draw upon many generations of experience growing Pacific root crops. Kava cultivars show considerable variation of habit. Some are prostrate (having short internodes), and others are normal (many stems) or erect (few stems with long internodes). Kava's lateral branches grow from young parts of the main stems and, as they age, die and fall away, leaving prominent cicatrices on the nodes. Branches may sprout from a stem in either a levogyrate or a dextrogyrate arrangement. They are built by a linear succession of monophyllous modules that produce one cataphyll and one terminal spadix.
The kava plant does not have many leaves; those it has are thin, single, whole, heart-shaped, alternate, petiolate, and quite long (8–25 cm), and sometimes wider than they are long. Carried on petioles 2 to 6 cm in length, the leaves have three main veins that extend to their tips. They are deciduous and rot quickly. Although generally smooth, some leaves produce a pubescence on the underside, and occasionally on the upper surface, of the lamina or the veins. The base of the petioles and the stipules is enclosed in a caducous amplexicaul sheath.
The average fresh weight of kava's root system is 1 kg at the age of 10 months. The average number of stems is 11, and the number of nodes on the longest stem is 10 (based on agronomic experiments conducted in Vanuatu—see Lebot and Cabalion 1986). The first inflorescence appears at two to three years of age in the form of spadices that are irregular in size. Senescence does not set in until the age of 15 to 30 years, depending on cultivar type (Lebot, field observations, 1984).

Reproduction
Although P. methysticum does flower, it is incapable of reproducing itself sexually; its propagation is vegetative and solely due to human effort. Farmers plant cuttings taken from existing stems. New growth occurs at a stem bud at the axil of a lateral branch scar. An orthotropic (upright) shoot develops, and then axillary buds and plagiotropic (lateral) axes appear. In the same way, a root system develops from the underground part of a planted cutting. This directly feeds the portion of the stem corresponding to the original cutting, which grows rapidly in volume and forms the heart of a stump around which new growth points extend the aerial and underground parts of the plant.
Piper methysticum  is typically dioecious and therefore cross-pollinating, although human interference has significantly affected its sexuality. None of the collected specimens of
P. methysticum existing in herbaria throughout the world has seeds, and female plants are generally uncommon. The early botanist Delessert (1837) depicted male inflorescence without fruit, as did Degener (1940) for Hawaiian material. Degener stated that he had never observed a female plant in any of the plantations he had visited, and pointed out that Hillebrand (1888), an indefatigable collector, also had been unable to locate and describe any female inflorescence of P. methysticum in his Hawaiian flora many years earlier. Hansel (1968) similarly reported observing only male flowers. In fact, female flowers, although rare, occasionally do occur in cultivation. Recent observations in Hawai'i by Lebot (1991) documented both female flowers and monoecious plants. Even if hand-pollinated, however, female inflorescences fall off before they produce fruit. Lebot has also observed a bisexual P methysticum inflorescence in Port Vila, Vanuatu. The ovaries of this plant were apparently immature, and its few brownish stamens seemed to have quickly expired (Lebot and Cabalion 1986).
Not surprisingly, the publications that describe P. methysticum provide few reports of seeds. In two that do (Cuzent 1860; Barrau 1957), no herbarium specimens are cited, rendering the claims impossible to verify. Two other references to kava seeds deposited in the Royal Botanical Garden at Kew, England, were misidentifications (Baker and Baker 1936; Guillaumin 1938). These were, in fact, seeds of another species, Macropiper latifolium (L. f.) Miq. (Lebot, Cabalion, and Lévesque 1986; figure 2.3). Pacific Island experience confirms Western botanical opinion that P. methysticum does not fruit. Growers in Vanuatu, for example, consistently claim that they have observed neither fruits nor seeds of kava.

Taxonomy and Nomenclature
Although the precise date when P. methysticum first caught the attention of European explorers is unknown, the Dutch navigators Le Maire and Schouten observed the plant on Wallis and Futuna islands as early as 1616 (Brosses 1756). Kava was certainly known to Pacific travelers by the time of the first Cook expedition; Parkinson (1773), the expeditionary artist, made one of the first drawings of the plant (entitled "Piper inebrians") in the Society Islands in 1769. The drawing is preserved in the British Museum (Natural History) in London, England (figure 
1.4).
Piper methysticum was first described for taxonomic purposes by J. G. A. Forster (1786a), who joined Cook's second voyage (1772–75) as a botanist along with his father, 
J. R. Forster, and A. Sparrman. The binomial P. methysticum had previously been applied to a different species by the younger Linnaeus in 1781, but that usage was negated when Linnaeus (in a simultaneously published Emendanda) substituted for it the binomial Piper latifolium. Because Linnaeus had abandoned the original binomial, P. methysticum, its use by J. G. A. Forster in 1786 was nomenclaturally permissible (Moore 1934; A. C. Smith 1943, 1975, 1981). Forster described the species as follows:
Pepper: cordate, acuminate, and multiveined leaves with axillary, leafy, very short, pedunculate, and very broad spikes. This species should be carefully distinguished from Piper latifolium, which is described in the Supplem. Plantar., p. 91. By some accident it is called Piper methysticum. For indeed, though with many botanical indications, not only does that P. latifolium differ from the true Piper methysticum, but it also lacks a toxic property, nor is it ever applied by the natives toward this use [consumption, intoxication], and it grows of its own accord in tropical places on nearly all the islands of the southern ocean. (Forster 1786a, our translation)
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Figure 2.3. Macropiper latifolium (L. f.) Miq. Bar equals 2 cm. (from Lebot and Lévesque 1989).
There are a few botanical synonyms of P. methysticum, most of them merely listed without description (and hence of no botanical significance) or of later date than Forster's binomial of 1786. In some of the botanical literature, the name P. methysticum has been incorrectly applied to several species of a different genus, Macropiper—especially  Macropiper latifolium, which is native to Vanuatu and the Santa Cruz, Cook, Austral, Society, and Marquesas islands; and
Macropiper excelsum (Forst. f.) Miq., which is native to New Zealand and to Lord Howe, Norfolk, Kermadec, and the three Kings islands (A. C. Smith 1975). Although misidentifications of
M. latifolium (L. f.) Miq. as kava are not uncommon in the literature and in herbaria, confusion in the field is far less likely because of the different inflorescence characteristics of the two genera.
Lewin (1886b) claimed to be the next to study kava botanically after Forster, although the French naval pharmacist Cuzent actually wrote the first detailed account of kava use, among the inhabitants of the Marquesas Islands, in 1856. Reproducing parts of his study of kava use and symbolism in several other publications, Cuzent (1857, 1858, 1860, 1873) described methods of kava preparation and its social significance for the Marquesans. Lewin (1886a) was nevertheless the first scientist to write a monograph on kava. In that book, he concluded erroneously that no differences in kava consumption patterns existed among the main regional groupings of Pacific Islanders (e.g., Micronesians, Melanesians, and Polynesians). Subsequent observers of the use of the drug soon began to document significant variation in kava consumption practices from one group of islands to another.
Because P. methysticum is always propagated vegetatively, the identification of its wild ancestor may enable us to identify its area of origin and to trace the ancient migrations of kava-using peoples in the Pacific. In general, the closer a Pacific island is to one of the main centers of biological evolution and domestication, such as Southeast Asia or the Indo-Malay archipelago, the more likely it is that its flora and fauna originated there. Conversely, the farther an oceanic island is from these centers, the higher the degree of endemism of its flora and fauna. The Piper genus is represented by many species in India and Southeast Asia, but determination of its exact center of origin is complicated by its presence in other centers of origin as well (e.g., tropical areas of Africa and South America). Piper methysticum, a cultivated species that resulted either from natural hybridization or from selected mutation, most likely originated in a geographical region rich in closely related species of the same genus—the area of greatest concentration of allied species of the same genus is considered by many botanists to be the probable area of origin.
Some botanists have suggested Polynesian origins for kava. Seemann, for example, claimed in his Flora Vitiensis (1868) that "kava was not cultivated in the islands which were inhabited only by the Papuans [that is, Melanesians]." An extra­ Melanesian origin is unlikely, however, given how many more Piper species there are in Papua New Guinea and island Melanesia than in either Polynesia or Micronesia. Moreover, none of the native species of Piper of Polynesia or Micronesia are morphologically closely related to P. methysticum. The probability that kava was domesticated in either Polynesia or Micronesia is therefore very low. Rather, the presence and number of related Piper species indicates that the area of kava origin is somewhere in Melanesia: in New Guinea, the Solomon Islands, or Vanuatu.
Misidentifications of herbarium specimens have led to the suggestion that Macropiper latifolium may have been a Melanesian ancestor of kava; a direct evolutionary relationship between P. methysticum and M. latifolium is unlikely, however, given the significant morphological and chemical differences between the two genera (Smith 1975). Although Cuzent (1857) claimed that Tahitians used M. latifolium to prepare kava, he almost surely meant P. methysticum. A chemical analysis of root samples of M. latifolium found no psychoactive kavalactones. Its major constituent is [3-asarone, a depressant of the central nervous system (Lévesque, unpublished data, 1987).
Other possible ancestors of kava exist within the Piper genus itself. Two Piper species closely related to P. methysticum are endemic to northern Melanesia—P. wichmannii C. DC. (synonyms P. ereaum C. DC., P. schlechteri C. DC., and P. arbuscula Trelease) and P. gibbilimbum C. DC. Piper wichmannii (figures 2.4 and 2.5) is common in Papua New Guinea, the Solomon Islands, and northern Vanuatu, particularly at elevations around 800 meters (Lebot, field observations, 1988 and 1990). Piper gibbilimbum is a successful colonizer of disturbed forests in New Guinea. For example, it is an efficient pioneer in the grasslands of the Strickland Gorge, where it grows at an altitude of 1000 to 2500 meters. A third candidate, P. plagiophyllum K. Schum. and Lauterb., is most likely a taxonomist's artifact in that it corresponds to a recognized P. wichmannii morphotype (W. L. Chew, personal communication, 1987).
One possibility is that P. methysticum originated as a hybrid of related Piper species. If, for example, P. wichmannii and P. gibbilimbum reproduce sexually rather than apomictically (which has not yet been definitively established), then P. methysticum could be a sterile (F1) interspecific hybrid of the two. Hybridization of several different F1s from genetically varied parent species might also explain the presence of different zymotypes in P. methysticum (see below). Experimental evidence and observations of Piper species (Semple 1974) indicate poor fruit set in the absence of staminate flowers, suggesting that active pollination is required for good fruit set. Observed inflorescence of P. wichmannii showed very good fruit set on crowded spikes. Possible pollination mechanisms are still unclear; wind pollination is unlikely for both P. wichmannii and P. gibbilimbum because of the glutinous nature of their pollen, which is not easily washed away even by heavy rainfall (Lebot, Aradhya, and Manshardt 1991). Fruits of these two species are very small but not easily dispersed by wind. They remain on the mature inflorescence until it falls to the ground. Bats, which have been observed eating the long (up to 30 cm) inflorescence of P. wichmannii, could be responsible for its dispersal in the forest and from island to island.
In spite of the possibility of cross-pollination among these Piper species, field observations suggest that hybrids of P. wichmannii and P. gibbilimbum do not occur. Plants of these species are often found growing close to each other without obvious sign of hybridization. A direct genetic relationship between P. methysticum and P. gibbilimbum is dubious, because the latter does not produce kavalactones (Lebot, personal observations, 1990).
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Figure 2.4. Piper wichmannii C. DC. Bar equals 2 cm. (from Lebot and 
Lévesque 1989).
The most likely ancestral candidate for P. methysticum is P. wichmannii. A number of lines of evidence lead to this conclusion. According to Chew's (1972) comprehensive revision of the Piper genus in Melanesia, P. wichmannii C. DC. is the most closely related taxon to P. methysticum. Morphologically the taxa are very similar—morphological differences between P. wichmannii and P. methysticum (e.g., coloring and pigmentation of stem intemodes, leaf coloring or pubescence on lamina, woody elements of roots) are no more significant than those between different cultivars of P. methysticum. Piper wichmannii is a dioecious shrub indeed quite similar to P. methysticum in growth pattern and features. Chew (1972) notes that P. wichmannii "is perhaps the commonest species of Piper in New Guinea and the Solomon Islands; its arborescent habit of growth coupled with the charac­teristically large cordate leaves with long spikes makes it the most distinctive species in the genus." Piper wichmannii inflorescences are as long as the leaves, with peduncles shorter than the petioles: "male flowers 2-staminate; stamens 0,5 mm long; anthers reniform, dehiscing apically; filaments short, broad, and stout. Female flowers sessile; stigmas 3-fid.subsessile; bracts round, peltate, long pedicillate. Fruits sessile, somewhat obconical, free at maturity" (Chew 1972).The natural habitat of Piper wichmannii is dense rain forest with persistent foliage. Like P. methysticum, it is a shade-loving species whose distribution as a wild or cultivated plant is restricted to wet equatorial or subtropical climates between 25° north latitude and 25° south latitude.
[image: image]
Figure 2.5. Farmers with a cultivated form of Piper wichmannii, Baluan, Manus Province, Papua New Guinea (photo V. Lebot).
The major morphological difference between the two taxa is the length of the inflorescence. The inflorescence of P. wichmannii is as long as the lamina-15 to 30 cm. That of P. methysticum varies between 6 and 20 cm, but is always shorter than the lamina (figures 2.6a and 2.6b). A morphological rule of thumb is that any particular form, wild or cultivated, belongs to P. wichmannii when the spadix is as 
long as the lamina and the plant is erect with few stems. There are exceptions: 
for example, in Vanuatu we have found no significant difference in length of 
male and female inflorescences between P. wichmannii and P. methysticum specimens.
[image: image]
Figure 2.6a.  Piper methysticum inflorescences (from Lebot and Cabalion 1986).
[image: image]
Figure 2.6b.  Piper methysticum inflorescences. Bar equals 2 cm. (from Lebot and Cabalion 1986).
There are minor differences between the two taxa in root characteristics. The tissue of P. wichmannii is noticeably harder than that of P. methysticum, and the proportion of woody elements is higher. The woody elements in P. wichmannii are scattered around lumened tracheids; in contrast, P. methysticum rootstock is characterized by extraordinarily wide medullary ray segments. The parenchymatic material in P. wichmannii occupies a comparatively small area. Piper wichmannii possesses large, connected bands of brachysclereids, but the bark parenchyma of P. methysticum cultivars contains nearly separate brachysclereids.
The root hardness of P. wichmannii has been particularly noted in one specimen from Papua New Guinea. Saiier and Hansel (1967) described, analyzed, and classified this specimen as Piper sp. Womersley, but it was subsequently identified as
P. wichmannii (Chew 1972; specimen NGF 19746, Lae Herbarium). Saiier and Hansel also isolated psychoactive kavalactones from this plant like those found in other specimens of P. wichmannii. Apart from P. methysticum and P. wichmannii, the only Piper species that produces similar compounds is P. sanctum, from which Hansel and Beiersdorff (1958) isolated one minor kavalactone, 5-methoxy-5,6-dihydromethysticin (see chapter 3).
Misidentifications of P. wichmannii and P. methysticum are common in herbaria and in the field. For example, a specimen collected on the island of Tongoa, in Vanuatu, was sent to two regional specialists. One identified it as P. methysticum, and the other as P. wichmannii (Lebot 
and Lévesque 1989). Lebot's examination of purported specimens of P. methysticum in the Museum d'Histoire Naturelle in Paris revealed that a substantial number were either P. wichmannii or M. latifolium. Reports of P. methysticum growing wild must therefore be treated with suspicion.
In one of the earliest descriptions of kava, Miklouho-Maclay (1876) noted the difficulty of distinguishing the Piper species he found along the north coast of Papua New Guinea:
Finding that the botanical character of the leaves of the keu [kava] plants taken from different bundles, presented some differences, I sent the whole concern (bundles, flattened leaves, etc.), to Dr. Scheffer for complete examination, with the request to tell me by-and-by his opinion: whether all the keu specimens belonged to the same species (Piper methysticum) or not. The same forenoon I received a short note from Dr. Scheffer, written in haste in the Botanical Garden, with the statement that the bundles of keu contained two different species of Piper and both different from the Pipermethysticum, but that through the absence of flowers and fruits it was impossible for him to determine the species. 
. . . I had the opportunity of stating the information from the Rev. W. G. Lawes, that the Piper methysticum grows wild on the south-east of New Guinea without the natives knowing or making use of it. Rev. G. Brown wrote to me a few days ago about a similar case in New Britain, and New Ireland, and the Solomons islands, where Piper methysticum (or an allied species) grows wild, but the natives don't know the use of it (1 got large roots of it, and natives from other islands said it was the true "kava," but not being cultivated it was coarse).
It is not only Western botanists who have difficulty distinguishing the two taxa. Some folk taxonomies in kava-using Pacific societies do not distinguish P. methysticum and P. wichmannii. On the island of Baluan in Manus Province of Papua New Guinea, for example, farmers recognize three cultivars as kava, one of which corresponds to the botanical species P. wichmannii (figure 2.5).In Vanuatu, island farmers who distinguish scores of cultivars on the basis of subtle morphological features classify all forms of P. wichmannii and P. methysticum together as the same "species," and refer to all these plants as kava. On Maewo and Pentecost islands, drinkers occasionally prepare kava drink from P. wichmannii, which they consider the primitive, wild form of kava (Lebot, Cabalion, and 
Lévesque 1986).
Recent genetic research provides additional evidence suggesting that P. methysticum is derived from P. wichmannii. We examined the genetic backgrounds of P. methysticum and
P. wichmannii using electrophoresis and cytological techniques (see the section below on distribution of kava cultivars). Cytological studies show 130 chromosomes for each of three Piper taxa: P. methysticum, P. wichmannii, and  P. gibbilimbum, although in P. methysticum about a dozen of these chromosomes are four to five times the average size of the others (Lebot, Aradhya, and Manshardt 1991). Based on reports by Jose and Sharma (1985), Okada (1986), and Samuel (1986) indicating that the genus Piper is a homogeneous group with a basic number of x = 13, we presume that these three species are decaploid with 2n = 
10x = 130 chromosomes. Chromosome counts conducted on pollen mother cells of P. methysticum showed 65 bivalents. Although tetrad formation appeared normal, cotton blue staining revealed poorly formed pollen grains. No variation in chromosome number was found among P. methysticum 
clones presenting different morphotypes and chemotypes or between monoecious and dioecious plants. Meiotic counts were not conducted for P. wichmannii or P. gibbilimbum because of lack of material (Lebot, Aradhya, and Manshardt 1991).
Most other cultivated species of Piper (e.g., P. betle, P. longum, and P. nigrum) 
have wide ranges of ploidy levels among their numerous vegetatively propagated cultivars. This diversity is thought to reflect endomitosis which doubles the chromosome numbers in somatic cells. It is remarkable that, in spite of vegetative propagation, there is consistency in the chromosome numbers of all the kava cultivars analyzed. Notably, ploidy level was identical among sterile cultivars of P. methysticum and wild forms of P. wichmannii and P. gibbilimbum.
Available botanical data clearly indicate that P. methysticum is sterile. Piper methysticum, like most cultivated plants, is thus a derived form of a fertile wild species. Using field and herbarium observations and cytological and morphological comparisons as evidence, we conclude that
P. methysticum is not a separate species but is rather a group of sterile cultivars selected from somatic mutants of P. wichmannii. We believe that wild forms of P. wichmannii were domesticated and their psychoactive properties improved through clonal selection of somatic mutants that possessed desirable psychoactive attributes (see the section on kava chemotypes in chapter 3). Piper methysticum should therefore be considered not a species but rather a putative cultivar. However, because P. methysticum was described before P. wichmannii (Candolle 1910), and because kava is such an important economic plant, subsuming P. methysticum within P. wichmannii would  create both conceptual and practical problems. We henceforth refer to both P. methysticum and P. wichmannii as kava.
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