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Geographic Survey of Genetic Variation in Kava (Piper methysticum Forst. f. 
and P. wichmannii C. DC.) t 

VINCENT LEIIOT, 2 MALLIKARJUNA K. ARADIIYA, 3 AN) RICHARD M. MANSHARDT 2 

ABSTRACT: A survey of tile genetic resources of kava (Piper methYsticunt 
Forst. f. and P. wvichnannii C. DC.) was conducted throughout the Pacific. Leaf 
tissues of more than 300 accessions, collected on 35 islands, were analyzed for 
isozvme variation in eight enzyme systems including ACO, ALD, DIA, IDH, 
MDH,ME,PGI, and PGM. Isozymes in P. inethysticum cultivars from Poly
nesia and Micronesia were nonomorphic for all enzyme sy,.tems examined: 
however, cultivars from Melanesia were polymorphic for ACO, DIA, MDH, 
and PGM The genetic base of this crop is much narrower than previous 
morphological and biochemical studies suggest. Most of the morphotypes and 
chemotypes apparently originated through human selection and preservation of 
sorflatic mutations in a small number of original clones. Isozymes of P. 
wichmamuii confirmed its status as the wild progenitor of kava. Piper methysiicuan 
cultivars and P. wiclunannii and P. gibhilimbum C. DC. wild forms were all found 
to be decaploids with 2n = IOx = 130 chromosomes, but there was no firm 
evidence that intcrspecific hybridization has played a role in the origin of P. 
liethL'sticln. 

KAVA. Piper methyi is the only sticum Forst. f., which these flavones and chalcones have been 
cultivated plant of economic importance with isolated. Kavalactones are presently used by 
a geographic i-ange restricted entirely to the the European pharmaceutical industry, but 
Pacific Islands. Kava is used in Oceania to there is potential for greater exploitation. 
make a psychoactive drink that is prepared by Tile wild form, Piper wichmannii, is geo
grinding the roots of the perennial shrub, graphically limited to Melanesia, including 
Recent work (Lebot and Lvesquc 1989) has New Guinea, the Solomon Islands, and north
shown that two botanical species names have ern Vanuatu. Its closest relative, P. gibbilim
been applied to kava: P. meih*ysticumn refers to hum C. DC., has been collected only in Papua 
reproductively sterile domesticated forms, New Guinea. Domesticated P. meth'siicum 
while P. wichmmiiC. DC. identifies the seed- has been cultivated since prehistoric times 
producing wild progenitor. Experimental throughout Polynesia and on the Micronesian 
stidies have shown that the roots of these islands of Pohnpei and Kosrae. Unlike other 
species contain tip to 20% of' active ingredi- Pacific species of Piper (e.g., P. minatium, P. 
ents, called kavalactones, with physiological ahhreiattuan, P. ttichmannii, and P. gihhilim
properties (Hiinsel 1968, Lebot and Cabalion huin), P. nthvsticum has a discontinuous dis
1986, Lebot and Lvesque 1989). These are tribution in Melanesia. In eastern Melanesia, 
the only two species in the genus Piper from it is an important and ancient component of 

agriculture in Fiji and Vanuatu, and in west
ern Melanesia, it is found in scattered loca
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Macklay (1874) observed the preparation of 
kava in Astrolabe Bay in 1872. In the vast 
intervening region including New Caledonia, 
the Solomon Islands, New Britain, and New 
Ireland, there is no evidence that kava was 
ever culti%.ated (Figure I). 

Little was known about the genetic diver-
sity existing within kava and between P. 
Ine'lhs!iculn and P. wichmanniiuntil a recent 
survey of genetic resources of kava in the 
Pacific (Lebot and L&vesquc 1989) (Table I). 
Substantial variability was founld among 
cultivars, both in morphology and kava-
lactone composition. Remarkable morpholog-
ical variability in growth habit, internode 
color, and lamina shape and pigmentation 
permitted 118 different kava clones to be 
distingu~ished. This diversity was attributed to 
the effect of natural selection operating under 
mny different climatic and ecological condi-
tions in tropical oceanic archipelagos. How-
ever, no clear relationship was observed 
between phenotypic variation and geographic 
distribution, a situation that was partly ex-
plained as a result of' human dispersal of 
the crop. A High Performance Liquid Chro-
motography (HPLC) analysis of"',,valactomw 
composition in more than 300 root samples 
revealed nine chemotypes, each wit h different 
pharmacological effects and cultural uses. 
Field trials indicated that chemotypes were 
genetically controlled and were not affected 
by environmental factors or plant age. No 
correlation was observed between mor-
plotypes and chcmotypes. 

Piper species generally have chromosome 
numbers that are multiples of a basic genome 
of 13 chromosomes (Jose and Sharnma 1985, 
Okada 1986, Samuel 1986). Anong cultivated 
nlmbers of' the genus, including P. herle and 
P. mnirtm,. the existence ofgenetic races with 
different ploidy levels has been demonstrated 
(Jose and Sharma 1985, Samuel 1986). The 
origin of'genetic races in these asexually prop-
agatcd crops is attributed to endomitosis and 
subsequent selection of vegetative sports with 
doubled ploidy level. Chromosome numbers 
have not been reported previously for P. 
meth"vsticum,P. nichmannii,or closely related 
species, and the extent of ploidy variation in 
kava is unknown. 
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The numerous P. :mellhiv ticum cultivars 
identilied by the chemical and morphological 
survey (Lebot and Li~vesque 1989) might have 
arisen by independent domestications of dif
ferent genotypes selected from *he range of 
genetic variation in the P. wichmannii pro
genitor, or alternatively, by accumulation of 
somatic mutations within a narrow genetic 
base or even a single domesticated clone. One 
of our objectives was to address the question 
of the breadth of the genetic base of kava by 
using isozyme analysis. This technique is often 
reported in the literature as suitable for as
sessing how much genetic diversity is present 
in a crop and has the potenlial to provide a 
unique 'fingerprint" For each genetically dis
tinct clone, a Lseful means o!'identifying dift 
fcrent cultivars. 

Another objective was to determine the 
origin of sterility in kava cultivars. Sterility 
could result from genetic changes occurring 
in a vegetatively propagated clone, such as 
somatic mutations or autopolyploidy, or it 
might result from interspecific hybridization. 
These alternatives were investigated through 
isozyme analyses and chromosome counts of 
kava and related species, including P. uiih
munniiand P. gihbilim/umn. 

MATERA.S AN) METHOI)S 
Stem cuttings collected throughlout OcC

ania were planted in the greenhouse of' the 
University of Hawaii at Manoa. Honolulu. 
Plants were grown, at ambient temperatures 
in about 80/ shade, in pots filled with a mix
ture of'vermiclite and peat moss (2 : 1). Kava 
accessions originating from Vanuatu were 
analyzed for iiozyme variation using leaves 
collected in the field and preserved in liquid 
nitrogen. Entire young leaves were sealed in 
disposable nlicrocentrifuge tubes, immersed 
in liquid nitrogen in a shipping container in 
the field, and transported to the University of 
Hawaii for analysis. 

Cytological examination of P. metl *sticunt 
cultivars originating from southern and 
northern Papua New Guinea (6 accessions), 
Vanuatu (I ac.), Fiji (8 acc.), Samoa (7 ace.), 
Hawaii (12 ace.), and Pohnpei (2 ace.) was 
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TABLE I 

P. iwichmaniii AND P. m'th.sWi'um GI:RMPLASM COLLECTED 

COUNTRY ISL.NDS SURVEYEI) 

Papua New Guinea 5 
Solomons 3 
Vanuatu 23 
Fiji 3 
Tonga 
Western Samoa 2 
American Samoa I 
Wallis and Futuna 2 
Cooks I 
Tahiti 
Marquesas 5 
Ilawaii 4 
Pohnpei I 
Kosrae I 

Totals 50 

P. wiichhnannii . inethi-sticunt 
(WILD FORMS) (CLTIVARS) CHIMOTYPES* 

23 
18 

4 
0 

B, C, D, F 
B 

2 80 A, E, F, G, H 
12 1 
7 E, G 
6 G, 1t, 1 
5 G, If 
3 E 
I 
3 
I E 
I1 E,I 
2 E, I 
I E 

43 118** 

'Kaalaclone chernoypcs idenriilied through ttPLC analysis of root samples (cf. Lebot and L vesque 1989).
* Somet uivars were collecled .sceraltivles in different island groups, 

conducted to study possible variation. Chro-
mosome counts were difficult and time con-
suming because of the large number and 
extremely small size of the chromosomes and 
the very viscous cytoplasm. It was important 
to induce as much contraction of chromo-
somes as possible, and a cold treatment 
of 6 hr was found helpful for this purpose. 
Chromosome counts were conducted using 
the following procedure: 

Mitosis (on root tips): (I) pretreatment in 
PDB (para-dichlorobenzene) for 6 hr at 4'C, 
(2) fixation in acetic acid ethanol (I : 3) over-
night, (3) hydrolysis for 90 min in HCL IN, 
(4) treatment with pectinase (2%) for 30 min, 
(5) staining for 90 min with Feulgen, (6) pre-
servation in 701%/ ethanol, (7) squashing in 
aceto carmine. 

Meiosis (on anthers): (I) immature inflores-
cences were fixed in Carnoy's fluid for 7 days 
at room temperature, (2) preserved with 70% 
ethanol at 4 C, and (3) immature anthers were 
s'quashed in aceto carmine, 

lsozyme electrophoresis: Twenty-five enzyme 
systems were assayed (Table 2) using a variety
of buffer systems, but only histidine citrate, 
pH 6.5, was found to be useful. The tray buffer 
consisted of 0.065 M histidine (free base) and 
0.007 M citric acid (anhydrous); the gel buffer 

was 0.016 M histidine and 0.002 M citric 
acid. 

Leafextacts were obtained using modified 
Bousquet's buffer (Bousquet et al. 1987) 
and loaded onto starch gels (12.5%). The 
extraction buffer composition was as follows: 
Tris( hydroxymetlhyl)aminomethane (Tris),
0.1 M; sucrose, 0.2 M; ethylenediamine tetra
acetic acid (EDTA disodium), 0.5 maM; dithio
threitol (DTT), 5 rM; cysteine-HCL, 12 mM; 
ascorbic acid, 25 rM, sodium inetabisulfite, 
0.02 M: diethyldithiocarbamic acid (D1ECA 
sodium salt), 0.005 M; bovine serum albumine 
(BSA), 0.1% 1; polyethylene glycol, MW 20,000 
(PEG), I%; polyoxyethylene sorbitan mo
nooleate (Tween 80), 2%; diniethyl sulfoxide 
(DMSO). 10%; fl-mercaptoethanol, 1%; 
polyvinylpolypyrrolidone (PVPP), 8 g/l100 ml 
of buffer. The buffer pH was adjusted to 7.5. 

Samples were elcctrophoresed at 4'C. 
Running conditions were I5V/cm and 40-
50 mA for 6 hr. After electrophoresis, the gels 
were sliced horizontally and stained for 
aconitase (ACO), aldolase (A LD), diaphorase 
(DIA), isocitrate dehydrogenase (IDH),
malate dehydrogenase (MDH), malic enzyme 
(ME), phosphoglucose isomerase (PGI), and 
phosphoglucomutase (PGM), after Soltis et 
al. (1983). The stained gels were scored for the 
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ENZYMEI SYSTEMS ANt) 

:NZYME SYSTEM 

Acid phosphatase 
Aconilase"* 
Alcohol dehydiogenase 
Aldolase** 
Alkaline phosphatase 
l)iaphorase** 
Esicrase 

lndopeptidase 
FUrerasc 

TABLE 2 

BUFIFERS INVISTIGATEI) IN ELIECTROI'IIORETIC 

ABIREVIATION 

Glutanilic oxaloacetic transaminasc 
Glutamate pyruxate transaminase 
Glutamate dehydrogenase 
Glucose-6-phosphate dehydrogcnase 
Isocitrale dchydrogenase** 
Leucine amino r...ptidase 
Malate dehydrogenase 
Malic enzymIfe** 
Mcnadione reductase 
Peroxidase 
PhosphoglitIconlLtasc4 

Phosphoglucose isomerase** 
Shikimic dehydrogenase 
U rii';Ic diphosphoglucose pyrophosphorylase 
6-Phosphogluconael dehydrogenase 

ACP 
ACO 
AD 
ALD 
APH 
DIA 
EST 
ENDO 
FUM 
GOT 
GPT 
GDH 
G6PD 
IDII 
LAP 
MDiH 
ME 
MDR 
PER 
PGM 
PGI 
SKDII 
UGPP 
6-PGD 

SURVI'Y OF KAVA GERMIPLASM 

IJFFER SYSTEM 

IIC, TME, SOLTIS #I I 
I IC. TC
 
IIC, TC
 
I1C
 
MC, TElB
 
IIC, TM E, SOLTIS # II
 
11C 
1IC
 
IIC
 
IIC 
I1C, TM E, SOLTIS # II 
IIC, MC, TM E. SOLTIS # II. TEB 
IIC 
IIC. TC 
I IC. MC 
CItC, TEB 

IIC, TC, MC, TED 
IIC. MC, TME. SOLTIS # 11, TEB 
I1C, MC 

lIC 
ltC, TC, MC, TME, SOLTIS # II 
IIC, MC 
11C 
I IC, TC 

* Iutler systems: histidine citrate (11 ), pi1 6.5; Tris ciIrate (TC). pI1 6.1; morpholine citrate (MC). pll 8.1 Tris-maleate (TMIF) 
pit 7.4 Na citrate histidine 1-I1(SOLTIS # II). pH 7.0; and Tris-El)TA-borate (TED). pl 8.6. 

•* Well resolcd (on tIC bulfer) polymorphic enzyme systems yielding data for cluster and principal components analyses. 

presence or absence of 53 different electro-
morphs, including 5 for ACO, 2 for ALD, 6 
for DIA, 3 for IDH, 16 for MDH, 5 for ME, 
5 for PGI, and I I for PGM. No interpretation 
of the genetic significance of the banding pat- 
terns was attempted. 

Cluster analysis of the binary isozyme data 
was performed with the assistance ofNTSYS-
pc software, version 1.21 (Applied Biosta-
tistics Inc.. Setauket. NY). Similarity matrix 
was generated with Jaccard's coefficient. 
Principal components analysis was also per-
formed on the correlation matrix to compare 
with the results obtained through the cluster 
enalysis. 

RESULTS 

Counts of about 130 mitotic chromosomes 
were obtained for P.meth.v'siicun (Figure 2a), 

P. wichmannii(Figure 2c), and P. gibbilimbum 
(Figure 2d). In P. ni't' sticuln, 12 chro
mosomes were four to live limes the average 
size of the others (Figure 2a), while chromo
somes in the other taxa were more uniform. 
No obvious variation in chromosome num
bers was apparent between P. elhi'sticunt 
clones representing different morphotypes 
and chemotypes or between mopoecious and 
dioecious plants. Chromosome counts ob
tained from pollen mother cells of P. methy'I,
sticum showed about 65 bivalents (Figure 2h). 
Although tetrad formation appeared normal. 
cotton blue staining rcvcaled poorly formed 
pollen grains. Meiotic counts were not con
ducted for P. ttichmannii or P. gihbilinhum 
because of lack of material. 

The zymotypes of wild and cultivated kava 
forms are given for eight enzymes in Table 3 
and illustrated in Figure 3. Resolution and 
banding intensity were constant regardless of 
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I i(;iRi 2. u. Mitotic chromosomcs atilmetaphs or prophasel of.Piper nhim, 
 2n 130: h, 1'. melhrti'tm,
mciosis showing about 65 bivalents; (, mitotic chromosomes off Piper ji'hmannii C. DC.. 2n - 130: d, mitotic 
chroloistmes of Piper gibhilimum C. DC., 21 - 130. 

TABLE 3
 

ISOZYMIE PItINOTYI'IEtS (ZYMi)TY',I,) im K AVA A(CCiSIONS
 

ENZYME SYSTiMS
 

A((LSSI,,NS MINI 
 ACO IPGM PGI IDII DIA ME ALI) ZyMoTnimI 

P'. ivilhmii (193) A A A A A A A A IP. wichiaiiati (sccdlj rigs) A AB B A A A A 2
P.iil'iiiii(191to 192) C B C B 13B B A B 3P. tiijhmaii (88 to 190) D 13 D C A C A B 4I'. ivic/mi nnii (I 7) E C E I) C C A B 5
I'. iiicliannii (174 to 186) F D F E B B A B 6P. iiclmanii (171 to 172) E D G D 1) C A B 7
P. tin-vicumi ( 63 to 170) E 1) II D C C B B 8I'. mi/i r.slicum* and P. wichiawinii0 73) F D II D C BB B 9
P. tami 'Sh.iunit* G E 1 1) C 1) B B 10 

N,,ii: ILcttcrs rcprcscnt difrerci I isoiyc handing pattern:, within each eiiyme syscin, as shown ii Fig. 3.
* Refer it Table 4for identilitation ard origin of I. ,,thl'.stictti accessions. 
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TABLE 4 

ORI6IN O|:KAVA Au'-SIONS S IHlJCTEI) To GT. FI.CTROPHORISIS. 

No). (IRIGLINAND II)t:N 1IIIA I ION I.ATI[tJI)I!I.()N(;ITII)M: IJIVAI ION (nl) M C** Z*** 

Ilawa ii: 
00! Oahu, larold Lvon Arboretum 157 48' W 21 20' N 280 101 E 10 
002 O;thu. 11. L. A. 157 48'W 21 20' N 280 103 I 10 
003 Oahu. II. L. A. 157 48 W 21 20' N 280 7 1 10 
004 Oahu. II. L. A. 157 48' W 21 20' N 280 05 1 10 
005 Oahu. II. I. A. 157 48' W 21 20' N 280 114 F 10 
00h OahulII. L. A. 157 48' W 21 20' N 280 79 F 10 
007 Oahu II. L. A. 157 48' W 21 20' N 280 I(8 F 0 
008 Oahu, I.L.A. 157 48' W 21 20' N 280 105 Id 
009 Oahu. II. L. A. 157 48'W 21 20' N 280 66 10 
(M) OahU II. L. A. 157 48' W 21 20' N 280 106 10 

011 Oahu II. L. A. 157 48'W 21 20' N 280 1 
(112 Oahu II. L. A. 157 48'W 21 20' N 28, 10 
013 Oahu. II. L. A. 157 48'W 21 21' N 281 10 
0(14 Oahu. II. L. A. 157 48'W 21 20'N 280 10 
(15 Oahu. II. L. A. 157 48' W 21 21' N 280 10 
016 Oahu. II. L. A. 157 48'W 21 20'N 281 10 
017 Oahu, II. L. A. 157 48' W 21 21' N 281 10 
018 IahLL 157 21 80tJniversity of ltawaii, Agron. Dept.) 50'W 18' N 10 
019 ()ahu (IIf,Agron. Dept.) 157 50'W 21 18' N 80 10 
020 ()ahu (UI11, Agron. Dept.) 157 50'W 21 18' N 80 I0 
((23 OahuILL 157 21 60(1.111, thnobotanical garden) 50'W 18' N 10 
(124 ()ahu I Ethuohot. g.) 157 50'W 21 18' N 60 it, 
025 ()ahu (UIl,Ithnohot. g.) 157 50'W 21 18' N 61 10 
((26 Oahull(ll. -tlmobot.g.) 157 50'W 21 18' N 60 10 
127 Oahu (Wi iahole Valley) 157 45' W 21 25' N 2010 10 
128 Oahu (Wai aholc Vallev) 157 45' W 21 23' N 200 10 
129 )ahu (Wal hole Valley) 157 45' W 21 25' N 211 10 
030 Oahu (Waiahole Valley) 157 45' W 21 25' N 200 10 
((31 Kauai (UI I Research station) 159 25' W 22 2(1'Ml 250 10 
132 Ka uatl (t Research station) 159 25'W 22 20' N 251 1O 
((33 K iai (I) I Research station) 159 25' W 22 21)' N 25) 10 
((34 Kauai (IJI1 Research station) 159 25' W 22 20' N 250 10 
135 KaIi ) U II Research station) 159 25' W 22 20' N 250 10 
036 Kauai [I I Research station) 159 25' W 22 21)'N 250 1W 
1)37 Katuai tillResearch station) 159 25' W 22 21' N 250 10 
038 Kaui (Nat. Trop. Bot. (ard.) 159 30'W 22 18' N 50 10 
039 Kauai (NTB(i) 159 30'W 22 18' N 50 10 
(14)) II sai (Waipio Valley) 155 42' W 2(1I0'N 81) 10 
041 Hawaii ('.waipio V.) 155 42' W 20 I0'N 80 10 
042 I l:maaii 155 42' W 80 10(Waipio V.) 20 10' N 
043 Ilawaii (Waipio V.) 155 42'W 20 10' N 80 I0 
((44 1lawaii (Waipio V.) 155 42'W 2(1 I)' N 80 10 

(arolines: 
045 PIohnpei, Rahmdel" 158 15' E 6 50'N 150 110 1 10 
((46 Pohnpei, Rahmweneger* 158 15' E 6 50'N 150 III E 10 
047 to 060 Kosrae 163'00(' E 5 20'N 200 10 

Fiji: 

061 Taveuni, 'Kabra' 180 00' E 17 30'S 40 52 I 10 
062 Taveuni. *Qila leka" 180 00' E 17 30'S 40 89 I 10 
063 Taveuni, 'Qiabalavu' 180 00'E 17 30' S 40 901 10 
)64 Taveuni. 'I)amU' 18) 0(1' E 17 30'S 40 92 1 It0 
065 Vanua Levu, 'Loa kasa leka' 179 20'E 17 40'S 40 83 1 10 
066 Vanua Levu. 'Loa kasa balavu' 179 20'E 17 40'S 40 84 I 10 
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TABLE 4(continued) 

NO. ORIGIN ANI) II)INIIFI('ATION LATIIUI) I.N0.iI'I 8U:I|II:VATII)N (hi) M* ('** Z*** 

067 
068 
069) 
070 
071 
072 

Vanua Levu. 'Vula kasa leka" 
Vanua Lcvu. "Vula kasa baimV-
Vanua Lcvu,'i[)Dokobana vula' 
Vanua Le.t, l)okobnai Ioa" 
Viti Leu. Maitakaro' 
VitiLcv . 'Matakaro leka" 

179 20' E 
179 20' E 
179 20' E 
179 20' E 
178 35' E 
1'18 35' E 

17 40' S 
17 40' S 
17 40'S 
17 40' S 
18 18'S 
18 18'S 

40 
40 
40 
40 
40 
40 

85 
85 
87 
88 
91 
93 

I 
I 
I 
I 
I 
1 

10 
10 
10 
10 
10 
10 

Samili~s: 
073 
074 
(075 
076 
077 
078 
(79 

Upohlu 'Av;i la' 
Upolh. *Ava lh.l'anl' 
Saai'i. 'Ava muunn 
Savai'i. "A a talo' 
Savati'i. "Ava sa" 
TUtuila. 'Aasamoa' 
Tutuila, "A'a Ulu' 

172 50' W 
172 50' W 
172'.0' W 
172 40' W 
172 '40' W 
170 48' W 
170 48' W 

13 55' S 
13 55' S 
13 35' S 
13 35' S 
13 35' S 
14 20'S 
14 20'S 

40 
40 
40 
40 
40 
40 
4(1 

85 H 
M,6 I 
84 I 
95 CG 
96 I 
94 I 
95 G 

10 
10 
10 
10 
10 
10 
I1 

Tonga:
0(81 
181 
((82 
((83 
084 
((85 

Vai'ii. "Leka hima' 
Vara'u. 'Akau' 
Tongatapu. 'Leka hull' 
Tongatapu, 'Akau huli' 
Tongatapu. 'Valu' 
Tongaiapu. *IFlurulu' 

174 00'W 
174 00'W 
175 10' W 
175 10' W 
175 10' W 
175 10' W 

18 38' S 
18 38'S 
21 15' S 
21 15'S 
21 15' S 
21 15' S 

30 
31 
30 
30 
30 
30 

85 
86 
83 
84 
97 
98 

G 
G 
I 
E 
G 
(i 

10 
10 
10 
10 
I0 
10 

Cooks: 
((86 to ((93 Mangaia. *Vaine rea" 157 55' W 21 12'S 20 I 10 
W;15i III1: 

114 
115 
116 
117 
118 
119 
173' 
((94 
((95 
(96 
120 
121 
122 
123 

VaILna Lava. *(icmonlagakris' 
Vanua Laa. 'Tariar' 
Vanua Lava. 'Ranranre" 
\'ana Las al."(icI.iV; 
Vintla Laa. "Visab,na' 
Vanua Lava. 'Gcemime' 
Vanua Lau\,. 'Vambu" 
Santo, 'Kar' 
Santo. "IPalzaoke* 
Santo. 'Malhgro" 
Santo. 'lock' 
Santo. 'Marino' 
Santo. Thyci' 
Santo. "Yeoct 

167 31' E 
167 30' E 
167 30' E 
167 30' E 
167 30' E 
167 30' E 
167 30' E 
167 10' E 
167 10' E 
167 10'E 
167 10'E 
167 10' E 
167 10' E 
167 10' E 

13 59' S 
13 59' S 
13 59' S 
13 59' S 
13 59' S 
13 59' S 
13 ,9'S 
15 20'S 
15 20'S 
15 20'S 
15 20'S 
15 20'S 
15 20'S 
15 20'S 

4) 
40 
40 
40 
40 
40 
40 
340 
34(1 
340 
341 
340 
340 
340 

13 
8 

II 
12 
I 
7 

14 
7 

32 
44 
18 

42 
43 
41 

E 

E 
It 
A 
It 
E 
F 
E 
E 
F 
F 

9 
9 
9 
9 
9 
9 
9 

10 
10 
I0 
9 
9 
9 
9 

124 

125 
126 
127 
131 
135 
12') 

((97 
(198 
((9) 
101l 
131 
132 
133 
134 
213 
214 

Satlo. 'Tdci' 
Santo. 'Visurl 
Santo. 'Parisi" 
Santo, 'Mer'i' 
Malo. 'Malo" 
Ambac, 'Mclomelo' 
Maes\o. 'Tarisarus' 
PIenlecost. 'Nelmer 
Pentecost, 'Borogi" 
Pcntecost. "Memea" 
Pentecost. 'Maita' 
Pentecost. 'Ronrong\ul 
Vcntecost. 'Abogac' 
lentccost. 'Laklak' 
Pentecost. 'Tamaen o' 
Pentecost. "Tabal' 
Pentecost. 'Gorogoro' 

167 I0'F 
167 I0'E 
167 I0'F 
167 1)' E 
167 10'E 
167 50'E 
168 10'F 
168 10' F 
168 10' E 
168 10' 1-
168 10'E 
168 10'F 
168 10' E 
168 10'E 
168 1('E 
168 10' E 
168 10'E 

15 20'S 
15 20'S 
15 20'5 
15 20'S 
15 40'S 
15 20'S 
5 150'S 

15 40' S 
15 40'S 
15 40'S 
15 40'S 
!54(1)'S 
15 40'S 
15 40'S 
15 40'S 
15 40'S 
15 40'S 

340 
340 
34V 
-.4 

,"o 
8(1 
90 

221 
220 
220 
220 
220 
220 
220 
220 
220 
220 

45 E 
40 IH 
26 E 
(10 F 
9 E 
15 G 
8 E 

18 E 
15 G 
7 I 

24 G 
22 II 
8 E 

25 E 
34 E 
47 E 
24 

9 
9 
9 
9 
9 
9 
9 
10 
10 
I0 
10 
9 
9 
9 
9 
10 
10 
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TABLE 4 (continued) 

NO. ORIGIN AND tt1:NTIHICAT[ON LA ITI DI LONGIruin: ELEVATION (M) M* C** Z*** 

215 
172' 

Pentecost, Borogoru tememe' 
Pentecost. Sinj Bo" 

168 [0' E 
168 10' E 

15 40' S 
15 40' S 

220 
220 

7 
14 A 

10 
7 

225 Pentecost. 'Rara' 168 10' ' 15 40' S 220 23 10 
226 
227 
229 

Pentecost *Sese jarakara' 
Pentecost. Rong rong Vt1' 
Pentecost. 'lBogongo" 

168 10' E 
168 10'E 
168 !0' E 

15 4(1' S 
15 40' S 
15 40'S 

220 
220 
221 

11 
22 
27 

9 
9 

10 
2(15 PcIllCcost. 'Bukelita' 168 10' E 15 40' S 220 26 I0 

220) Malekluh. 'P-Ide' 167 15' E 16 05'S 361 49 10 

221 Malckula, 'Tallundai" 167 15' E 16 05'S 360 51 10 

222 Malekila 'Iaou" 167 15' E 16 05' S 360 48 10 
217 Paiama. 'Toi" 168 15' E 16 30'S 40 52 10 
1(10 
1[02 

Epi. 'Lo' 
Epi. 'Kelai' 

168 10' E 
168 I(1' E 

16 41)' S 
16 40'S 

20 
2(0 

55 
17 

G 
II 

10 
10 

136 Epi. lBagavia' 161,10' E 16 40'S 2(1 36 F 9 
137 Epi. Pakai" 168 10'F 16 40'S 20 56 E 9 
138 FEpi. 'Puruibue' 168 10' F 16 40'S 2(1 15 9 
216 Ipi, "Meawnleia' 168 10' F 16 40'S 2(1 54 10 
209 Finlae, 'Micla" 168 20'E 17 05'S 40 63 II 10 
103 Emae. 'Miae 168 20'E 17 05' S 4(1 63 II 10 

104 Nguna. 'Malakesa' 168 20'E 17 25'S 120 54 10 
105 
139 

Nguna. 'Milake' 
Tongoa, "Piri' 

168 20' E 
168 30' F 

17 25' S 
16 5(0'S 

120 
80 

64 
62 

10 
9 

140 Tongoa PTuariki' 168 3(1'E 16 50'S 8(1 37 G 9 
2(08 Tongoa, Ewo' 168 30' F 16 50'S 80 61 1: 10 

171' Tongoa. 'Kau' 168 3(1'E 16 50'S 80 14 A 7 
228 
207 

Tongoa. PTualiu' 
Errotuanga,. 'Pore' 

168 30'F 
169 011' F 

16 5(' S 
18 45'S 

80 
161 

67 
65 

i I1t 
9 

106 TaFnna. '\lakar' 169 20'E 19 30'S 400 65 10 
117 Tanna. 'Lulu' 169 20'E 19 30'S 400 66 10 
108 Tanna. 'Load 169 2(1'E 19 30'S 400 67 10 
109 1anna. 'Aigen' 169 20'E 19 30'S 40(1 68 G 1(0 
I10 T:'nna. 'Paama' 169 20' E 19 30' S 400 15 10 
141 Tanta. 'Apin' 169 20' E 19 30'S 411 69 E 9 
197 Tanna. *Leiy' 169 2(1' E 19 30' S 400 71 II 10 
198 Tanna. 'Ahouia' 169 20'E 19 3(1' S 411 67 G 10 

199 Tanna. "Tikiskis' 169 20 E 19 30)'S 400 74 II 10 
210 Talna. Fare, 169 20'E 19 30'S 4011 7(1 10 
2(01 Tanna. 'Wapil* 169 20'F 19 30'S 400 75 10 

2(12 
203 

Tanna. 'Tttdey' 
Tanna. 'Malamla' 

169 2(1' E 
169 20'E 

19 30'S 
19 30'S 

400 
400 

45 
73 II 

9 
10 

2(14 Tanna. 'Ring* 169 20' F 19 30'S 400 35 10 
206 Tanta. 'Pentecost' 169 20'E 19 30'S 400 26 10 
210 Tanna, 'Kowarwar" 169 20'E 19 30'S 400 79 10 
218 Tanna. "Awke' 169 20'E 19 30'S 400 78 10 
219 Tanna. *Awor' 169 20'E 19 30'S 400 37 10 
223 Taina, 'Kowariki' 169 2(1'E 19 3(1'S 400 37 I0 
224 Tvrnna. '(nare' 169 21' E [9 30'S 4(10 76 [0 
211 Ataton. 'Ketcthe' 169 50' F 20 [I('S 60 80 10 
212 Analorn, 'Yag' 169 5(1'E 20 10' S 60 81 1t 1 

Soloinlots: 
174' Malaila 161 30' E 9 20'S 410 6 
175' Malaita 161 30'E 9 20'S 4(110 6 
176' Mahita 161 3(1'E 9 20'S 400 6 
177' (iuadalcana[ 160 10' E 9 40'S 550 112 6 
178' Guadalcanal 160 10' E 9 40'S 550 112 6 
179' (Giadalcanal 160 10' E 9 40'S 400 112 6 
18(' Guadalcanal 160 I(1' E 9 40'S 400 112 6 
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TABLE 4 (continued) 

NO. ORIGIN AND IDEwNTIFICATION LATITIUI)E: L)NGITUI:IE EITVATION(m) M* C** Z*** 

181 
182' 
183' 
184' 
185' 
186' 

Guadalcanal 
Guadalcanal 
Guadalcanal 
Santa Cruz, Ndende 
Santa ('ruz, 'Jende 
Santa Cru, Ndende 

160'10'E 
160"10' E 
160 10' E 
166"25' E 
166 25' E 
166 25' E 

940' S 
9,40' S 
9 40' S 

10 15'S 
10 15'S 
10 15'S 

350 
250 
200 
110 
110 
110 

112 
112 
112 
112 
112 
112 

6 
6 
6 
6 
6 
6 

Papua New ;uinea:
142 Western Province, Nomad, 'Gowi' 
143 West. Pr.. Nomad, 'Gowi' 
144 West. Pr.. Nomad, 'Gowi' 
145 West. Pr., Nomad. 'Gowi' 
146 West. Pr.. Dadalibi, 'Gowi' 
147 West. Pr., Dadalibi, 'Gowi" 
148 West. Pr. l)adalibi. 'Gowi' 
149 West. Pr., t)adalibi. 'Gowk i' 
151 West. Pr.. Ptifi 
151 West. Pr., Ptili 
152 West. Pr., Ptifi 
153 West. Pr., Ptili 
154 West. Pr..Isago, 'Sika' 
155 West. Pr., Isago, 'Sika' 
156 West. Pr., Isago, 'Sika' 
157 West. Pr., lime. 'Gamata' 
158 West. Pr.. Umc.'Gamata' 
159 West. Pr.. Ume. 'Ganl.ta' 
1610 West. Pr.. Wando 
161 West. Pr., Wando 
162 West. Pr.. Wando 
163 Madang province. Riwo, 'Koniak' 

164 Madang Pr., Rio,. 'Koniak' 
165 Madang Pr.. Karkar, 'Ayou' 
166 Madang Pr., Karkar. 'Ayon' 
167 Madang Pr.. UIsino, 'Isa' 
168 Madang Pr., Usino, 'Isa' 
169 Madang I'.. Macklay Coast. 'Kial' 
1711 Madang Pr., Macklay Coast, 'Kial" 
III Manus Proxince, Baluan, 'Kau pel'
112 Manus Pr., Ialnan, 'Kau pwusi' 
113 Mantus Pr., Bahan, 'Kau pcl'
187' Morobe Province, Bundun 
188' Morohe Pr. Bulolo 
189' Norobe Pr., Bulolo 
(w' Morobe Pr., IUllo 
19I' Morohe Pr.. Karamengi 
192' Morobe Pr.. Karamengi 
193' Western Province, Tabubil 
194' Western Pr.. Tahubil, seedlings 
195" West Sepik. Strickland, I)uvan 
196" West Sepik. Strickland Gorge 

142 '10' E 
142 10' E 
142 10' E 
142 10' E 
142 15' E 
142 15' E 
142 15' E 
142 15' E 
142 20' E 
142 20' E 
142 21' E 
142 20'E 
142 50'E 
142 50'E 
142 50'E 
143 05' E 
143 05'E 
143'05' E 
141 10' E 
141 10' E 
141-10' E 
14550' F 
145 51' E 
146 00' F 
146 111'E 
145 411'E 
145 40'E 
145 50'E 
145 51' E 
147 211'E 
147 20' 1 
147 20'E 
146 4(1'E 
146 51' E 
146 50'E 
146 50' F 
146 40' F 
146 41' F 
141 10' E 
141 I1'E 
142 41' E 
142 41' E 

6 20' S 
6 20'S 
6 20' S 
6 20' S 
6 20' S 
6 2(1' S 
6 20' S 
6 20' S 
6 20'S 
6 20' S 
6 2(1'S 
6 2(1' S 
8 05' S 
8 05' S 
8 '15' S 
9 2(1' S 
9 20'S 
9 20'S 
9 I(1'S 
9 10'S 
9 I0'S 
4 50'S 
4 5(1' S 
4 35' S 
4 35' S 
5 20' S 
5 20'S 
5 20'S 
5 211'S 
2 4(1' S 
2 411'S 
2 40'S 
6 51' S 
6 5(1'S 
6 50'S 
6 511'S 
7 20'S 
7 21' S 
5 51' S 
5 5(1' S 
5 20'S 
5 20'S 

120 
120 
120 
120 
160 
160 
160 
160 

240 
241 
24(0 
240 
60 
60 
60 
20 
21 
20 
4(1 
40 
40 
120 
140 
221 
2011 
200 
200 
I0 
10 
211 
20 
20 

8(111 
1600 
1600 
1600 

2110 
21110 

60(1 
600 

12111) 
2010 

II1 
III 
III 
III 
III 
II 
II 
II 
II 
II 
II 
11I 
III F 
III F 
III F 
111 F: 
11 F 
II F 
II F 
111 F 
II F 

117 F 
117 F 
117 F 
117 F 
117 F 
117 F 
117 F 
117 F 
114 F 
115 F 
115 F 
112 B 
112 
112 
112 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
0 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
8 
10 
10 
10 
5 
4 
4 
4 
3 
3 

*NI m.iiorpti.li pe,
* ( - Ka,Ilactone chcmnfpe asldescribed in l.ehol and Ivc qte (1989). 
•**Z ', jIillot)p .

Piper iiithmannii. 
SPipe-rgibbtilimthumt, 
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1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

MDH (Malate dehydrogenase) PGI (Phosphoglucose isomerase) 

A A B C D E D D D D 

- - - - - IDH (Isocitrate dehydrogenase) 

A A B A C B D C C C 
A B C D E F E E F G 

--- DIA (Diaphorase) 
ACO (Aconitase) .... .... .... .... .... .. 

.... .......................... 

A A B C C B C C B D 
A A B B C D D D E 

PGM (Phosphogiucomutase) ME (Malic enzyme) 

A A A A A A A B B B 

.... ALD (Aldolase) 

A B C D E F G H H I A A B B B B B B B B 

II:HI, 3. Schematic representation of ten zymotypes (I to 10) observed in kava accessions listed inTable 4. Letters 
(A. B. C'. etc.) indicate polymorphic variants within the eight enzyme systems investigated. 

the position of the leaf' used or origin of the 
sample. The most variable isozyme system 
was PGM, for which nine handing patterns 
were observed. 

All of the enzyme systems were polymor-
phic in P. tricunanhiiaccessions, and a total 
of eight diflerent zytnotypes was observed 
among the wild materials (Figures 3 5). Piper 
wiclmitannii zytnotypes were nost variable in 
the western par! of' the ntuttral range (zymo-
types I through 5 in Papua New Guinea). Less 
variation is present in eastern Melanesia 
(zymotypes 6. 7, and 9 only in all of' the So-
lomons and Vaniatu). With the exception of' 
the two progenies consisting of about 120 
seedlings collected fromn Western Province of 
Papua New Guinea (zymotypes I and 2). 
which were segregating for NIDI (Figurc 6) 
and PGM, plant populations at any particular 

collection site were monomorphic with regard 
to isozynie banding patterns. 

Among the cultivated P. meth',Isticum ac
cessions there was less variation in isozyme 
banding patterns. Only louir of the eight 
enzyme systems, including ACO, DIA, M DH, 
and PGM, were polymorphic, and only three 
different zymotypes were observed. It all of' 
Polynesia and M icronesia, only one zymotype 
was identified. From this large geographic 
area, 93 samples representing 59 cultivars of 
1P.nhili' stiC inchudiing male, female, and 
im1OnloeciotLs plants, were analyzed for isozyme 
variation and were found to be monomorphic 
(zymotype 10). Previous work has shown that 
the Polynesiani and Micronesian accessions 
electrophoresed were differentiated into 28 
morphotypes and lour chemotypes (Lebot 
and Lvesque 1989). Slightly more variation 
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ACO
 

1194) proigenics. 

exists inMelanesia. where analysis ol'61 culti-
%'arscollected rrom Papua New Guinea and 
VIInatiit revealed all three P. methrtis'um 
zVmotvpcs. Collections froIl Van atI cxlhi-
hited zyniotypes 9 and 10, while inPapa New 
(Gtinea. all cultiVars collcctcd in tile sout h 
were tmif of' /Vniotype 9 and dilftrediihornliyI 
f'rom tlhose or the north (zymotype 8) with 
r'espect to M )I anI I)IA banding paticrns.
Significantly. zymotype 9. which was con-
mon am1llolg 1. met/rqI,'ti' cu livars in 
Vanutu and in the FlV RiVer reg ion in southIi-
er1 Pa pLia New GiIt nea]also ocou rted ill one 
P.iijchmannii accession (no. 173 from Vanua,
Lava. Banks Archipelago, VaIInatu). 

I)IS('tSSI()N 

The present work gives the first reports o ' 
chromosome numbers for the species studied, 

MDH 
6 

MDHr 
'A a* A 

I s4 4.Il(it 6. I.%morphisn 1r (): 5.po Imorphism IorN I 1:6. segregaIion 11NI )IIloci for 1. wiimannii 

It is also the first time tiat dccaploids have 
been rccordcd in the genus Piper. Based on 
prev'ious reports by lose and Sharma (1985),
Okada (1986). and Samutel (1986), who con
clided that the genus Piper is a homogeneous 
group with Ia basic number of'.- = 13, we con
clude that the three species examined in the 
prcsent stUdy are decaploids with 2n - IO.v= 
130 chromosomes. Despite vegetative propa
gation. there is tmiformity initile clhIromosomc 
numbers oh' P. mvh'i/'s i'Cunilculiivars, and tihe 
ploidy lCvcl was iden tical in terilc cultivars of' 
P. /c1V/rvicun and wild forms oh' P. iih
mannii and P. gilbl/ihjlim/m. 
I'P. wi'lmannii is dioeciois in tile wild, 

then progenics shouliL be segregating at least 
for male and female types. This implies that 
this species is fertile and sexual, or at leastpartly so. Experimental evidcnccand observa
tions conducted on other Piper species (Sem
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pie 1974) indicated poor fruit set in the ab-
sence of staminate flowers, suggesting that for 
good fruit set pollination is required. Our field 
observations showed that for P. gihhilinmumn 
and P. Wichnannii, wind pollination was 1in-
likely because ofthe very sticky and glutinous 
nature of the pollen. We also observed that 
this pollen was not easily washed away by 
heavy rainfalls. Fruits of these two species are 
very small but are not easily dispcrsed by wind 
and remain on tile mature inflorescence until 
it falls to the ground. lHowever. bats were 
observcd eating the long (up lo 40 cm) inflo-
res.,ence of P. wichmannii and could be re-
sponsible for its dispersal in the forest. Piper 
richnmnnii is very common in Papua New 
Giiinea and tile Solomons, par'ticularly at 
about an elevation of X00 in. All the inflo-
rescences observcd for these two species 
showed very good fruit set with crowded 
spikes. Pipergih/ililnlr/,u is a very successful 
colonizer of disturbed forests in New Guinea 
and was found to be an elticient pioneer inthe 
grasslands of the Strickland Gorge. spread 
over a al titUdinal range from 1500 to 2500 ill. 

If P. nichnanii and P. gilhilimhum are 
reproducing sexually rather than apomicti-
cally, then 1'. metlhivsiicum could be a sterile 
F, interspecific hybrid between two of' these. 
Several different F,s from genetically variable 
parent species would explain difl'erent zymo- 
types in P. nwthysicum, although this by-
pothesis seems unlikelv. Field observations 
suggest that it is unlikely that cross-pollina-
tions occur between P. wichmannii and its 
relative, P. gihhilin/hun. These species were 
often foIund growing close to each other with-
out any evidence of hybridization. Polyploidy 
alone cannot be considered as the only expla-
nation for the sterility observed in P. nwhl'v-
Slielun. Piperpe hfplht'p/les and P. ka/zura have 
bcen reported (Okada 1986) as being dodcca- 
ploids with 2n = 12x = 156 chromosomes 
and are both fertile in the wild, as are P. 

ichmanniiand P. gihbi/inuhun (decaploids). 
The imited isozyme segregation observed in 
more than 1201) P. wichmannii seedlings from 
western Papua New Guinea suggests that 
cross-pollination occurs. but further evidence 
is needed to confirm this hypothesis. Chew 
(1972) stated that P. wichmannii and P. 

lwthysticum are dioecious but our field ob-

servations have revealed that monoecious 
plants also exist for the latter species, sugges
ting that the same phenomenon could occur 
for P. wichmannii. 

The most striking result of the present study 
is the consistently low isozyme variability 
foIund ill P. ,eih' rvictum. There are several 
possible explanations "or the absence of vari
ability at the isozyme level. The most realistic 
hypothesis is that P. nwthvsiciun consists of 
a group of'sterile clones resulting from human 
selection ofsomatic mutants. This hypothesis 
fits well with the results obtained from previ
o,.s studies on this species' variability. It is 
possible that only a few genes are responsible 
for the morphological and chemical variation 
observed and that none of these are linked 
with loci controlling isozyule markers. 

There issoni incongruence in tile data ob
tained. While chemotypes and zymotypes are 
significan.ly correlated (r = 0.66) at the 1% 
level of confidence, no correlation exists be
tween morphotypes and zymotypes. All tile 
Hawaiian accessions, for example, present the 
same zymotype. although there are clear mor
phological and chemical differcnces. 

Cluster analysis (Figure 7) conducted on 
data obtained from the banding patterns indi
cates that P. wichnannii accessions origi
nating from tile Western Province of' Papua 
New Guinea (zymotypes Iand 2) are geneti
cally very difl'erent f'rom P. methysticiau. This 
observation suggests that these P. wichlnannii 
populations are unlikely to be the wild pro
genitors ofthe cultivated P. m'thysticium. Tile 
closest P. ivichmannii zymotype is found in 
Vanuatu, where tile cultivated form ('Vambu,' 
from Vanua Lava, Banks Archipelago) pre
sents the same zymotype as cultivars of P. 
melhc'hsiicun I'ronl Vanuatu and southwestern 
Papua New Guinea (zymotype 9). Both the 
cluster analysis (Figure 7) and the principal 
components analysis (Figure 8) suggest that 
P. ,mo'hysticum (zymotypes 9 and 10) could 
have been domesticated in Vanuatu from P. 
uichmannii (zymotype 9). 

Cultivars from Vanuatu encompass all of' 
le isozyme variability (zymotypcs 9 and 10) 

and most of the chemical variability found in 
P. nVI'*siCunr throughout Oceania. The 
isozyulc evidence suggests that Polynesian 
migrants have collected cultivars in Vanuatu 

http:significan.ly


Jaccard's similarity coefficient
 

0.42 0.48 0.64 0.80 
 0.96
 

Zymotypes:
 

-1 P. wichmannii, Tabubil,P.N.G.
 

-2 P. wichmannii, progenies, P.N.G.
 

3 P. wichmannii, Karamengi, P.N.G.
 

-4 P. wichmannii, Bulolo, P.N.G.
 

5 P. wichmannii, Bundun, P.N.G.
 

7 P. wichmannii, Vanuatu
 

6 P. wichmannii, Solomons
 

8 P. methysticum, Northern P.N.G.
 

9 P. methysticum, Southern P.N.G. & Vanuatu
 

10 P. methysticum, Vanuatu, Carolines & Polynesia 

FIGUREi 7. UPGMA cluster analysis based on Jaccard's coficicnt olfsimilarity among kava zymotypes.Similarity
matrix is based on the presence or absence of isozyme bands. 
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0.45-

P. methysticum 

0.30- 2 1 90 

6
 

Y 0.15- P. wichmannii 7 

4
0.00 

-0.15 
-0.40 -0.20 0.00 0.20 0.40 

x 
I:I(.LR 8. Principal components analysis conducted on the correlation matrix of isozyme banding pattnrs. Axes 

X (principal component I) and Y (principal con ponent 2) account for 34.76% and 18.77 /o of the total diversity, 
respeclively. Numbers refer it) zymotypes: I,P. wrichmannii. Tabubil, Western Povince, P.N.G.: 2, P.wichmannii 
seedlings, Tabubil,P.N.(.: 3. 1'. wij'hrmnii,Karamengi, Morobe Province, P.N.G.: 4,P. wichmannii, 13ulolo. Morobe, 
P.N.O.; 5, 1'. itnrhmannii. Morobe. P. ruichmannii. Sololions; 7. P. wichmanaii. Vanua Lava,Burndin. P.N.(U.: 6, 
Vanuatlu: 8,1'. me'thr.Yti.'stju . Vanua t u . M adang Province,.P.N. 9, P. imith.stitum,Western Province, P.N.G., anrid 
and I'. richmannii,. Vanua Lava, Vanuratu: 10. P. meihv.sfij'wut, Bahian, Vainuat u, Carolines, Fiji and Polynesia. 

and distributed them throughout Polynesia as 
far as Hawaii. Kav in Micronesia. Pohnpci, 
and Kosrac is most probably an introduction 
from Vanuatu, directly or via the Admiralty 
Islands, rather than from Polynesia. 

In Paptta New Guinea. P.meth '.uticum has 
all the attributes of an introduced species. 
Plants are always cultivated on coastal plains. 
around Madiang and the Macklay coast, or in 
the lowlands of Western Province, the highest 
elevation being 240 m in Nomad. In those 
areas the two wild relatives. P.I'wicmannii'and 

P. gihhilihum,are absent, 

Zymotype 8 is found only in northern 
Papua New Guinea. However, zymotypes 8 
and 9 are so similar that the differences ob-
served in MI)-1 and DIA could probably be 

explained as somatic mutations, like the other 
variants. In Papua New Guinea, zymotypes 8 
and 9 also have the same chemotype (F, of. 
Lcbot and LUvesqUe 1989), and their morpho
types are not very different (IIl and 117). 
Zymotype 9 has probably been introduced in 
Western Province of Papua New Guinea (Fly 
River and Strickland River areas). In that 
region of lowland swamps, mangroves. and 
savannas. farmers claim that the pla nt is very 
difficult to cutltivate and the species exhibits 
no variation. Zymotype 8, from the north 
coast, is so similar that it is tempting to specu
late that kava in Western Province was intro
duccd from the Astrolabe Bav area. Con
sidering the natural geographic barrier made 
by the highlands, this hypothesis seems un
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reasonable. It is more likely that in both cases 
the plant was introduced from an overseas 
source. 

Previous work (Lebot and L6vesque 1989) 
has shown that chemotypes were probably 
selected from P. i'hmulnmi in northern 
Vanuatu (zymotypes 7 and 9). Our isozyme 
study supports thi': hypothesis and that lo-
cality seems to be the area ofdonestication of 
P. nmelhsticum. Clones of'P. mieth 'sicun cul-
tivated in Papta New Guinlea in Western 
Province (zymotype 9), in the Madang area 
(zymotype 8). oron lBaluar Island (zymotype 
10) presumably originated 'n Vanuatu. How-
ever, it is diflicult to say if thc plant was intro-
duced in the Admiralty Islands f'rom the Caro-
lines and Pohnpei or vice versa. Piper mdu/*'I-
sticumn was not cultivated in the Solomon Is-
lands. probably hec:'use the plant was never 
introduced there. In K( ,rac, Tahiti, the Mar-
quesas. and the Hawaiian !slands, it is still 
possible to collect plants escaped from culti-
vation and surviving in the wild through na-
turad vegetative reproduction. Suitable cn-
vironmental conditions are necessary for such 
survival, but these conditions exist in the 
Solomons. and so f'ar P. meths'.rticiau has 
never been collected in that archipelago
(Whitmore 1966). Few plants were sighted at 
the beginning of the century in the Polynesian
outliers ofTikopia and Vanikoro (Kirch and 
Yen 1982). but it is likely that they have been 
introduced by Polynesian migrants. 

This isozyme study also supports previous 
remarks on thc lack of taxonomical and no-
menclatural validity f'or the species P. meh*v-
stium and P. ihichmunnii (Lebot and Lves-
que 1989). Piper vic/upnnii has eight discrete 
zymotypes and P. mn'thvsticun has three,
Zymotype 9 appears in accessions of both 
taxa, which appear to represent a single
species. As P. meth*'sticttm ,as described first 
(Forster 1786), it has priority, and De Can-
dolle's P. wichmannii (1910) is superfluous. 

('ONCI.USIONS 

In this paper we have attempted to make a 
number of' points: (I) The taxonomic distinc-
tion between P. meth'sicum and P. ivichman-
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nii is not supported by isozymes or chromo
some counts. The "species" overlap (zymo
type 9). (2) Wild plants appear to reproduce
sexually in western Papua New Guinea, but 
this is less obvious in eastern Papua New 
Guinea, the Solomons, and Vanuatu, where 
apoi.ixis may be predominant. This con
clusion is based on the occurrence of greater 
isozyme variation in the western part of the 
range, suggesting outcrossing. (3) Kava was 
domesticated through vegetative propagation 
from a narrow genetic base in wild fertile pro
genitors, as indicated by the similarity of 
zymotypcs in cultivated clones. It may have 
become sterile through accumulation of mu
tations affecting fertility. However, there is 
some cytological evidence that, alternatively, 
kavas co)uld have arisen through interspecific 
hybridization, since the one genome of larger
chromosomes found in cultivars is apparently 
not found in wild forms. (4) Morphological 
and kavalactoie variability observed in kavas
is the result of human selection and preserva
tion of somatic Mutations in a few genetically 
similar, vegetatively propagated clones. (5)
Vanuattu is the center of origin of kava cul
tivars. Kava may be a relatively recent do
mesticate, considering the arrival date of 
Austronesians in Vanuatu only 2500 to 3000 
years ago. (6) Papua New Guinea kavas are 
probably introductions from Vanuatu, Mi
cronesil or Polynesian outliers. This con
clusion is based on the restricted range and 
genetic uniformity of the cultivated clones in 
Papua New Guinea and the distant genetic 
relationship to local wild kavas. (7) Kava is a 
relatively late introduction into Polynesia,
 
since there is no variation in isozymes in that
 
region.
 

One of' our objectives was to identify
 
isozyme markers that could be used to attri
bute genetic fingerprints to each accession for 
the purpose ofclonal identilication. However, 
in the case of kava, isozymes cannot be used 
or this purpose, since clonal variation in mor

phology and kavalactone content is not tightly
linked with the limited isozyme variation. On 
the other hand, the study of isozymes has 
made a useful contribution to elucidate the 
origin of kava, a much-discussed enigma of 
Oceanian botany. 
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New Records of Fishes from Johnston Atoll, with Notes on Biogeography' 

RANIA.I. K. KOSAK'. 2 RIwIIAR) L. PYI-,3 JOHN E. RANDALL, 3 AN) DARiiY K. IRONS2 

ABSTRACT: Thirty new records of fishes are reported from Johnston Atoll. 
Three are Hawaiian endemics, six are widespread Indo-Pacific species that reach 
Johnston but not Hawaii, and the remainder are widespread species that have 
been recorded from Hawaii and elsewhere in the Pacific. The number of fish 
species recorded from Johnston is raised to 301. The attenuated nature of 
Johnston's fish fauna may be due to several factors, including isolation, lack of 
habitat area and diversity, and glacioeustatic extirictions. 

JOHNsTON ATolLL (16 45' N, 169" 30' W) is 
one of the most isolated atolls in the world, 
800 km south ofthc nearest reef of the Hawai-
ian Islands (French Frigate Shoals), 1500 km 
from the Line Islands to the southeast, and 
2400 km from the Marshall Islands to the 
southwest (Figure I ). Geologically, Johnston 
is considered a part of the Line Islands chain, 
a 42t)0-kni bathymctric feature stretching 
from Horizon Guyot (north of' Johnston) to 
the northern end of" the Tuamotu chain, 
Johnston's cstimated age of 85 Ma is inferred 
from K-Ar ages of neighboring sealounts 
(Schlanger et al. 1984. Keatin, 1985). John-
ston is thus older than Meiji Cuyot, the oldest 
portion of the liawaiian-Emperor chain still 
extant on the Pacific Plate (Grigg 1988). Like 
the rest of the Line Islands chain, Johnston 
was formed by alkalic volcanism typical of 
oceanic volcanisi rather than midocean ridge 
activity, and a hotspot origin has been pro, 
posed. The exact mechanism and number of 
vo!canic episodes involved are still debated 
(Schlaiger et al. 1984). 

'I lji Ifistiaute of'Mariine Biology Contribution No. 
828. Fieldwork o ti.thnston was partially supportld by 
tU.S. Army Conlract l)ACA83-X4-('-019. Manuscript
accepted I August 1990. 

2l)epartment of Zoology mid I lawaii Instiute ot 
Marine Biology. 2538 The Mall, University of" Ilawaii 
Manoa. IHonolulu, lawaii 96822. 

B'I1ernice F'. 1Bishop Museum. P.O. Box 19000-A, 
Ilonoluln. I lawaii 96819. 

186 

Eight scientific collections of fishes result
ing in published species lists have been made 
at Johnston over the past century. The earliest 
studies used line fishing, iehthyocides, and 
explosi-ves to collect specimens (Smith and 
Swain 1883, Fowler and Ball 1925, Schultz et 
al. 1953 1966, Halstcad and Bunker 1954). 
More recent studies have used divers (Gosline 
1955, Brock et tl 1965) and submersibles 
(Randall et al. 1985, Ralston et al. 1986) to 
observe and collect specimens. The most 
comprehensive of these works (Randall et al. 
1985) listed a total of 271 species known to 
occur at Johnston. 

The focus of collecting efforts for the pres
ent study was the relatively unexplored depth 
zone between 25 and 75 inl, deeper than pre
vious (liver collections and shallower than 
the majority of submersible observations. 
Collecions for this study were made in June 
1988 (R. Kosaki, R. Pyle, and S. Jazwinki), 
August 1988 (R. Kosaki and D. Irons), No
vember 1988 (R. Kosaki), January 1989 (R. 
Kosaki and I). Irons), and August 1989 (R. 
Kosaki, 1). Irons, and K. Kavanagh). Collec
tion methods included rotenone, quinaldine, 
spears, hand nets, and line fishing. All speci
rmens were deposited in the Bernice P. Bishop 
MtLseunL, I-1onolul (IwIiNi). The farmilies are 
listed in phylogenetic order following Randall 
et al. (1985). Within each family, genera and 
species are listed alphabetically. Lengths are 
stte
listed as TL (total length) for moray eels 
(Muraenidae) and cusk eels (Ophidiidac); SL 
(standard length) is listed for all other fishes. 


